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Series Preface from 
Professor Sir Peter J. Morris 


This is a new development in surgical publishing; the first two edi- 
tions of the Oxford Textbook of Surgery are to be replaced by a series 
of specialty-specific textbooks in surgery. This change was precip- 
itated by the ever-increasing size of a single textbook of surgery 
which embraced all specialties (the second edition of the Oxford 
Textbook of Surgery was three volumes), and a decision to adapt 
the textbooks to meet the needs of the audience; firstly, to suit the 
requirements of Higher Surgical trainees and, secondly, to make it 
available online. 

‘Thus, we have produced a key book to deal with the fundamentals 
of surgery, such as Anatomy, Physiology, Biochemistry, Evaluation 
of Evidence, and so forth. Then there are to be separate volumes 
covering individual specialties, each appearing as an independent 
textbook and available on Oxford Medicine Online. 

It is planned that each textbook in each specialty will be inde- 
pendent although there obviously will be an overlap between dif- 
ferent specialties and, of course, the core book on Fundamentals of 
Surgery will underpin the required scientific knowledge and prac- 
tice in each of the other specialties. 


This ambitious programme will be spread over several years, and 
the use of the online platform will allow for regular updates of the 
different textbooks. 

Each textbook will include the proposed requirements for train- 
ing and learning as defined by the specialist committees (SACs) of 
surgery recognized by the four Colleges of Surgery in Great Britain 
and Ireland, and will continue to be applicable to a global audience. 

This ambitious programme will be spread over several years, and 
the use of the online platform will allow for regular updates of the 
different textbooks. 

When completed, the Oxford Textbooks in Surgery series will set 
standards for a long time to come. 


Professor Sir Peter J. Morris 

Nuffield Professor of Surgery Emeritus, and former 
Chairman of the Department of Surgery and Director of the 
Oxford Transplant Centre, University of Oxford and 
Oxford Radcliffe Hospitals, UK 


Preface 


Urology is a rich, diverse, and varied specialty. For certified uro- 
logical surgeons, it is becoming increasingly challenging to remain 
updated in such a wide range of assorted conditions with expand- 
ing multidisciplinary treatment options, and it is doubly difficult 
for the trainee to understand what they need to know, and gain a 
comprehensive knowledge base which will equip them to become 
certified specialists. 

The welcome initiative by Oxford University Press to create 
a series of specialty-specific textbooks mapped to the UK post- 
graduate surgical curricula has directly led to the production 
of this textbook. The urology curriculum describes the range of 
knowledge, skills, and behaviours that a trainee is expected to 
have acquired by the time that they are certified. We have taken 
the syllabus from within that urology curriculum in the United 
Kingdom and used it as the template for this textbook, which 
we hope will serve trainees and established colleagues across the 
world. 

While the syllabus provides the basic architecture of urological 
surgery, the level of knowledge in each of the chapters goes beyond 
that which will be required for certification. The Oxford Textbook of 
Urological Surgery will be of value not only to trainees, but also to 
established urologists who wish to keep up-to-date with advances 
in urological care in one or more areas specific to their day-to-day 
practice. 

We have recruited able expert section editors with an inter- 
national reputation in their respective field, who led the develop- 
ment and composition of the varying components of this textbook. 
They, in turn, have relied on rich contributions from many national 
and international expert colleagues. The authors were specifically 
mandated to be concise as well as broadly comprehensive in cover- 
ing their topic from the basics to the current limits of established 


knowledge, and to highlight areas of controversy, where they exist. 
Whereas detail may be lacking at times due to space constraints, 
the concepts and principles that direct modern urological practice 
are all included. 

Urological science progresses continuously and the extent of 
knowledge described in this book is only a snapshot in time. 
However, with modern information technology allowing, we have 
asked all authors to provide frequent updates of their chapter at 
regular intervals for an exciting online version of the textbook, as 
well as future editions. Each chapter is accompanied by a long com- 
prehensive reference list, as well as a short one for those interested 
in a specific theme. 

We are confident that the Oxford Textbook of Urological Surgery 
will provide a novel, easy-to read, and useful source of knowledge 
and strong foundation both for the practising urologist and for 
trainees seeking to obtain entry into a wonderful specialty that we 
both continue to find challenging, fascinating, and enjoyable. 


Freddie C. Hamdy 

Nuffield Professor of Surgery and Professor of Urology, 
Chairman, Nuffield Department of Surgical Sciences, 
University of Oxford, Oxford OX3 7DQ, 

Director of Surgery & Oncology, 

Oxford University Hospitals NHS Foundation Trust, 
United Kingdom 


Ian Eardley 

Consultant Urologist, St James’s Hospital, 

Leeds Teaching Hospitals NHS Trust, 

Former Chairman Joint Committee on Surgical Training, 
Vice-President, Royal College of Surgeons of England 
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extended spectrum beta-lactamase 
end-stage renal disease 

extracorporeal shock wave lithotripsy 
European Committee on Antimicrobial 
Susceptibility Testing 

focused assessment with sonography for trauma 
US Food and Drug Administration 
Fournier's gangrene 

fibroblast growth factor 

Fournier’s Gangrene Severity Index 

fine needle aspiration cytology 
follicle-stimulatuing hormone 
full-thickness skin graft 

flexible ureterorenoscopy 

frequency volume chart 

glucosamine glycan layer 

Glasgow Coma Scale 

glomerular filtration rate 

gastrointestinal 

glycopeptide-resistant enterococci 
genitourinary fistulae 

genome-wide association studies 
haematoxylin and eosin 
healthcare-associated infections 
hand-assisted laparoscopic donor nephrectomy 
hand-assisted retroperitoneoscopic donor 
nephrectomy 

hospital-acquired urinary tract infection 
Hepatitis A virus 

heart-beating donation 
healthcare-associated infections 

Hospital Episodes Statistics 

high-grade non-muscle invasive bladder cancer 
high-grade prostatic intraepithelial neoplasia 
high-intensity focused ultrasound 

human immunodeficiency virus 

human leukocyte antigen 

a-haemolysin 

high-pressure chronic retention 

human papilloma virus 
hormone-refractory prostate cancer 
health-related quality of life 

herpes simplex virus 

intracellular bacterial communities 


IC 
ICC 
ICIQ 


ICP 

ICS 
ICSI 
ICU-VS 


IDO 
IL-1 
INH 
iNOS 
INR 
IPP 
IPP 
IPSS 
ISC 
ISD 

ISS 

IUI 
IVF 
IVP 
IVU 
JGA 
KTx 
KTXs 
KUB 
L-AMB 
LFT 
LESS 
LGV 
LH 
LPCR 
LPS 
LRP 
LSCS 
LUT 
LUTD 
LUTS 
MAG3 
MAP 
MCUG 
MDRD 
MDR-TB 
MET 
MHRA 


MIC 
MRHA 
MLCK 
MRI 
MRSA 
MRU 
MSA 
MSHA 
MSM 
MSSU 
MSU 


interstitial cells 

interstitial cells of Cajal 

International Consultation on Incontinence 
Questionnaire 

intracranial pressure 

International Continence Society 
intracytoplasmic sperm injection 
International Consultation on Incontinence 
Vaginal Symptoms questionnaire 
idiopathic detrusor overactive 
interleukin 

isoniazid 

inducible nitric oxide synthase 
international normalized ratio 

leak point pressures 

intravesical prostatic protrusion 
International Prostate Symptom Score 
intermittent self-catheterization 
intrinsic sphincter deficiency 

Injury Severity Score 

intrauterine insemination 

in vitro fertilization 

intravenous pyelography 

intravenous urography 
juxtaglomerular apparatus 

kidney transplantation 

kidney transplants 

kidney, ureter, and bladder 

liposomal amphotericin B 

liver function test 

laparoendoscopic single site surgery 
lymphogranuloma venereum 
lutenizing hormone 

low-pressure chronic retention 
lipopolysaccharide 

laparoscopic radical prostatectomy 
low segment caesarian section 

lower urinary tract 

lower urinary tract dysfunction 

lower urinary tract symptoms 
mercaptoactyl-triglycine 

magnesium ammonium phosphate 
micturating cystourethrogram 
modification of diet in renal disease 
multidrug-resistant tuberculosis 
medical expulsive therapy 

Medicines & Healthcare products Regulatory 
Agency (UK) 

minimum inhibitory concentration 
mannose-resistant haemagglutination 
myosin light chain kinase 

magnetic resonance imaging 
methicillin-resistant Staphylococcus aureus 
magnetic resonance urography 
multiple system atrophy 
mannose-sensitive haemagglutination 
men having sex with men 

midstream specimen of urine 
midstream uine 


MTOPS 
MUCP 
MUI 
MUP 
MVAC 


NAAT 
NA 
NADPH 
NANC 
NBI 
NCCN 
NCCT 
NDO 
NGS 
NHBD 
NIAID 


NICE 
NIDDK 


NIH 
NIH-CPSI 


NMIBC 
NNIS 
nNOS 
NNRTI 
NO 
NOS 
NOTES 
NRTI 
NSAID 
OAB 
OABS 
OCC 
PAH 
PAI 
PAIR 
PAMP 
PAS 
PBP 
PCa 
PCN 
PCNL 
PCR 
PD 
PDD 
PDE-5 
PDT 
PET 
PFDI 
PFS 

PI 

PID 
PLUTO 


PMC 
PMD 


medical therapy of prostatic symptoms 
maximum urethral closure pressure 

mixed urinary incontinence 

maximum urethral pressure 

methotrexate, vinblastine, doxorubicin, and 
cisplatin 

nucleic acid amplification test 

noradrenaline 

nicotinamide adenine dinucleotide phosphate 
non-adrenergic non-cholinergic 

narrow band imaging 

National Comprehensive Cancer Network 
non-contrast computed tomography 
neurogenic detrusor overactivity 

next generation sequencing 

non-heart-beating donation 

National Institute for Allergy and Infectious 
Diseases 

National Institute for Health and Care Excellence 
National Institute of Diabetes and Digestive and 
Kidney Diseases 

National Institutes of Health 

National Institutes of Health Chronic Prostatitis 
Symptom Index 

non-muscle invasive bladder cancer 

National Nosocomial Infections Surveillance 
neuronal nitric oxide synthase 

non-nucleoside reverse transcriptase inhibitors 
nitric oxide 

nitric oxide synthase 

natural orifice transluminal endoscopic surgery 
nucleoside reverse transcriptase inhibitors 
non-steroidal anti-inflammatory drug 
overactive bladder 

overactive bladder symptom syndrome 
urothelial cell carcinoma 

p-aminohippuric acid 

pathogenicity islands 

puncture, aspiration, injection and reaspiration 
pathogen-associated molecular pattern 
para-aminosalicylic acid 

penicillin-binding protein 

prostate cancer 

percutaneous nephrostomy 

percutaneous nephrolithotomy 

polymerase chain reaction 

peritoneal dialysis 

photodynamic diagnosis 

phosphodiesterase type 5 

photodynamic therapy 

positron emission tomography 

Pelvic Floor Distress Inventory 

pressure flow studies 

protease inhibitors 

pelvic inflammatory disease 

percutaneous shunting in lower urinary tract 
obstruction 

pontine micturition centre 

post-micturition dribble 


PN 
PNE 
POP 
POPIQ 
PPD 
PPMT 
PPS 
PSA 
PSF 
PTB 
PTNS 
PUJ 
PUJO 
PUV 
PVR 
PVS 
PZA 
QoL 
RADN 
RALP 
RARP 
RBF 
RCC 
RCT 
RI 
RIRS 
RNA 
RP 
RPF 
RRP 
RRt 
RTA 
RTX 
RUG 
RVT 
SAT 
SCC 
SCI 
SEER 


SIRS 
sGC 
SJS 
SLED 
SNARE 
SNM 
SPC 
STARR 
STI 
STSG 
SUI 
SVI 
SWL 
TCC 
TEAP 
TEN 
TENS 
TGF 
TH 
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pneumatic lithotripsy 

percutaneous nerve evaluation 

pelvic organ prolapse 

POP Impact Questionnaire 

purified protein derivative 

pre- and post-massage test 

sodium pentosan polysulphate 
prostate-specific antigen 

probability of stone formation 

pulmonary tuberculosis 

percutaneous tibial nerve stimulation 
pelviureteric junction 

pelviureteric junction obstruction 
posterior urethral valve disorder 

post-void residual 

penile vibratory stimulation 

pyrazinamide 

quality of life 

robot-assisted laparoscopic donor nephrectomy 
robotic-assisted laparoscopic prostatectomy 
robotic-assisted laparoscopic radical prostatectomy 
renal blood flow 

renal cell carcinoma 

randomized controlled trial 

resistive index 

retrograde intrarenal surgery 

ribonucleic acid 

radical prostatectomy 

renal plasma flow 

robotic radical prostatectomy 

renal replacement treatment 

renal tubular acidosis 

repeats in toxin 

retrograde urethrogram 

renal vein thrombosis 

secreted autotransporter toxin 

squamous cell cancer 

spinal cord injury 

Surveillance, Epidemiology, and End Results 
programme 

systemic inflammatory response syndrome 
soluble guanylate cyclase 

Stevens-Johnson syndrome 

slow low-efficiency dialysis 

sensitive factor attachment protein receptor 
sacral neuromodulation 

suprapubic catheterization 

stapled transanal rectal resection 

sexually transmitted infection 
split-thickness skin graft 

stress urinary incontinence 

seminal vesicle invasion 

shockwave lithotripsy 

transitional cell carcinoma 

transurethral ethanol ablation of the prostate 
toxic epidermal necrolysis 

transcutaneous electrical nerve stimulation 
transforming growth factor 

tyrosine hydroxylase 
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THP 
TIN 
TIR 
TLR 
TNM 
TRUS 
TUR 
TURB 
TURBT 


TURP 
TUU 
TWOC 
UBC 
UD 
UDIF 
UDT 
UE 
UGTB 
UI 
UICC 
UK 
UL 
UPEC 
UPJ 


Tamm-Horsfall protein 

testicular intraepithelial neoplasia 
Toll/interleukin receptor 

Toll-like receptor 

tumour-node metastases system 
transrectal ultrasonography 
transurethral resection 

transurethral resection of the bladder 
transurethral resection of a bladder 
tumour 

transurethral resection of prostate 
transureteroureterostomy 

trial without catheter 

urothelial bladder cancer 

urethral diverticula 
urothelium-derived inhibitory factor 
undescended testis 

ureteroscopic endopyelotomy 
urogenital tuberculosis 

urinary incontinence 


Union for International Cancer Control 


United Kingdom 

ultrasonic lithotripsy 
uropathogenic Escherichia coli 
ureteropelvic junction 


UPOINT 


UPOINTS 


UPP 
URS 
UrVF 
USS 
UTI 
UTUC 
UUI 
UVF 
VAS 
VCUG 
VEGF 
VHL 
VIP 
VUA 
VUF 
VUR 
VVF 
WHO 
WIT 
XDR-TB 


urinary, psychosocial, organ specific, infection, 
neurological and muscle tenderness 

urinary, psychosocial, organ specific, infection, 
neurological and muscle tenderness, and sexual 
dysfunction 

urethral pressure profiles 

ureteroscopy 

ureterovaginal fistula 

ultrasound scan 

urinary tract infection 

upper urinary tract urothelial carcinoma 
urgency urinary incontinence 

urethrovaginal fistula 

visual analogue scales 

voiding cystourethrography 

vascular endothelial growth factor 

Von Hippel-Lindau 

vasoactive intestinal polypeptide 
vesicourethral anastomosis 

vesicouterine fistula 

vesicoureteric reflux 

vesicovaginal fistula 

World Health Organization 

warm ischaemia time 

extensively drug-resistant tuberculosis 
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CHAPTER 1.1 


Pathogenesis of urinary 
tract infection 


Ased Ali 


Introduction to urinary tract infection 


Urinary tract infection (UTI) is one of the most common bacterial 
infections to affect humans. Its incidence increases with age and 
the cumulative probability of a woman having had a UTI by the 
age of 50 is approximately 50%. The normally sterile urinary tract 
is the site of an ongoing but complex interplay between an evolv- 
ing pathogen and a highly developed host immune defence system, 
such that the pathogenesis of a UTI generally requires either greater 
virulence in the pathogen or deficient host defence. Typically, the 
process of infection begins with attachment of the uropathogen to 
the epithelial surface; it subsequently forms colonies, which then 
disseminate and invade through the urothelial tissue. This dissem- 
ination may be associated with ascent up the urinary tract, which 
may manifest symptomatically as cystitis (in the bladder) or pyelo- 
nephritis (in the kidney). Symptomatic infection indicates a power- 
ful immune response and the interplay between pathogen and host 
will continue, influencing the extent and level of invasion, the dur- 
ation of infection, and the degree of tissue damage. 

An understanding of bacterial pathogenesis and anti-adherence 
defence mechanisms is important for clinicians so that appropriate 
strategies for the management and prevention of UTI are used. This 
section outlines current understanding of the pathogenesis of UTI, 
with particular emphasis on bacterial virulence and interaction 
with host defences, together with other factors which increase sus- 
ceptibility to UTI. 


Routes of infection 


The ascending route is the commonest mode of infection of the 
urinary tract with most bacteria originating from the individual’s 
own lower bowel and subsequently colonizing the periurethral tis- 
sue before ascending through the urethra and into the bladder.* 
Colonization of the periurethral mucosa with bowel flora is par- 
ticularly problematic in females, where the shorter urethra provides 
a convenient conduit for invading pathogens and rapid entry to the 
lower urinary tract. Even small variations in perineal anatomy in 
females can increase susceptibility; for example, women with an 
anal to urethral distance of less than 4.5 cm are at increased risk of 
UTI. These anatomical risks can be further increased by the influ- 
ence of external agents such as spermicides, faecal contamination 
of the perineum, and the use of urethral catheters.+° 

Symptomatic UTI is usually confined to the bladder (cystitis), 
but in up to a half of cases there are signs indicating upper urin- 
ary tract involvement such as fever and loin pain.® Pyelonephritis is 


most frequently caused by the ascent of bacteria from the bladder 
up the ureter and into the renal pelvis, with subsequent invasion of 
the renal parenchyma through the collecting ducts and disruption 
of the renal tubules. Certain pathogenic bacterial virulence fac- 
tors including P-fimbriae and endotoxins can enhance the ability 
of bacteria to ascend the urinary tract, as can host susceptibility 
factors such as pregnancy and ureteral obstruction, which inhibit 
peristalsis. 

Haematogenous infection of the urinary tract is uncommon 
in normal individuals. However, patients with primary foci of 
infection elsewhere in the body involving Staphylococcus aureus, 
Candida spp., Salmonella spp., and Mycobacterium tuberculosis 
can suffer secondary kidney infection. The risk of such infection 
is enhanced when urine drainage from the kidney is obstructed.’ 
Infection via the lymphatic route is rare but can be caused by direct 
invasion of bacteria from adjacent organs in conditions that result 
in retroperitoneal sepsis and suppuration. The lymphatic route is 
not thought to play a significant role in the majority of UTIs. 


Pathogenic bacterial virulence factors 


The interplay between host and pathogen is at the heart of any UTI. 
Uropathogenic Escherichia coli (UPEC) strains for example encode 
a number of virulence factors, which enable the bacterial clone to 
colonize the urinary tract and persist in the face of host defences. In 
recent years, great advances have been made in the understanding 
of these virulence factors. Prior to their migration, these bacteria 
will typically have come from a commensal site, such as the bowel. 
The role of virulence factors is therefore critical in the understand- 
ing of how commensals at one site act as pathogens at another. 

UPEC strains exhibit a high degree of genetic diversity facili- 
tated by the possession of specialized virulence genes located on 
specific transferable genetic elements known as pathogenicity 
islands, which may be as large as 170 kb and can increase the size 
of the pathogen genome by about 20% over a commensal strain.®? 
Virulence factors may be broadly divided into two groups accord- 
ing to whether or not they are involved in bacterial adhesion to host 
epithelium. 


Adhesive virulence factors 


The presentation of cell surface adhesive organelles (adhesins) by 
UPEC is one of the most significant determinants of pathogenicity. 
UPEC may express several adhesins that allow it to attach to urin- 
ary tract tissues and contribute to virulence in different ways which 
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include: directly triggering host and bacterial cell signalling path- 
ways; facilitating the delivery of other bacterial products to host 
tissues; and promoting bacterial invasion.!° The best characterized 
group of adhesins are the fimbriae. 


Type I fimbriae 
Type I fimbriae are the most commonly expressed fimbriae on 
E. coli (Fig. 1.1.1) and are composed of a helical rod with repeating 
FimA subunits that are bound to a distal tip structure containing 
the FimH adhesin.!! Classically these fimbriae (also called type I 
pili) were shown to mediate haemagglutination of guinea pig eryth- 
rocytes!? and the reaction could be inhibited by the addition of 
mannose; mannose-sensitive haemagglutination (MSHA).1314 

However, while type I fimbriae have been shown to function 
as virulence factors in animal models of UTI where they facili- 
tate bacterial colonization, their function in human infection is 
less clear.!%!15-17 This uncertainty arises from the observation that 
type I fimbriae are expressed in both pathogenic and commensal 
strains!®!9; furthermore, there is no significant difference in the Fim 
gene frequency between more or less virulent strains in the urinary 
tract.” In the mouse model, type I fimbriae bind to the urothelial 
mannosylated glycoproteins uroplakin Ia (UPIa) and Ib (UP1b) via 
the adhesin subunit FimH, located at the fimbrial tip.2! Uroplakins 
are membrane proteins that are found on the luminal surface of 
the umbrella cells of bladder epithelium. Interaction between FimH 
and uroplakins stimulates signalling pathways involved in bacterial 
invasion and epithelial cell apoptosis and may also contribute to 
mucosal inflammation.!7?-74 In humans, the main evidence for 
the role of type I fimbriae comes from the analysis of urinary bacte- 
rial isolates from patients with UTI, which were found to express 
mannose-sensitive adhesins.*> 

Murine studies show that after binding to the urothelial surface, 
bacteria with FimH adhesins are quickly internalized within the 
epithelium as a result of localized actin rearrangement and engulf- 
ment of the bound bacterium by the epithelial cell membrane.*° 
Within the superficial urothelium, UPEC is able to establish a 
new niche as a mechanism to avoid host innate immune response. 


Fig. 1.1.1 Electron micrograph of a uropathogenic E. coli cell bearing 

type 1 fimbriae. 

Reprinted from Microbes and Infection, Volume 8, Issue 8, Guido Capitani et al. ‘Structural 
and functional insights into the assembly of type 1 pili from Escherichia coli’, pp. 2284-2290, 
Copyright © 2006 Elsevier SAS, with permission from Elsevier, http://www.sciencedirect.com/ 
science/journal/12864579 


Within the epithelial cell, UPEC proliferates in the cytosol to form 
clusters known as intracellular bacterial communities (IBCs).2” 
After six to eight hours, the morphology of the bacteria changes to 
an engulfing biofilm phenotype that further protects the uropatho- 
gen from the host immune response.?8 This process has yet to be 
demonstrated in human cells however. 

The biofilm phenotype is characterized by decreased growth rate, 
allowing the formation of a biofilm matrix. This matrix is able to 
prevent attack from neutrophils and is also effective at preventing 
penetration by both host antimicrobials and external antibiotics. 
Animal models also suggest that bacteria at the edge of IBCs are 
able to detach and become motile again to re-enter the urine and 
then re-adhere to the superficial urothelium and reinvade cells to 
form further IBCs.” Ultimately, after a few days, possibly as a result 
of ongoing immune activity, the invasive bacteria enter a quiescent 
state, but may persist in a dormant state in IBCs before re-emerging 
later to cause recurrent infection.?” 


P-fimbriae 
P-fimbriae (named from their interaction with P-blood group 
antigens) mediate haemagglutination of human erythrocytes 
that is not altered by mannose, which is thus termed mannose- 
resistant haemagglutination (MRHA). P-fimbriae are believed 
to play a key role in ascending UTI and pyelonephritis.°°>! They 
are heteropolymeric fibres made up of various peptides encoded 
by the papA-K gene.*? The adhesin PapG, at the tip of these fim- 
briae, recognizes kidney glycosphingolipids carrying the a-d- 
galactopyranosyl-(1-4)-$-d-galactopyranoside determinant on 
renal epithelia.?%3334 The attachment of P-fimbriae leads to the 
release of ceramide, which acts as an agonist of Toll-like receptor 4 
(TLR 4), a receptor involved in activation of the innate immune 
response including antimicrobial peptide and cytokine produc- 
tion.*> This then activates an inflammatory response cascade pro- 
ducing the symptoms of pyelonephritis. !® 

P-fimbriae may also work synergistically with type I fimbriae 
by enhancing early colonization of the tubular epithelium, while 
the latter mediates colonization of the tubular lumen by forming 
a biofilm. This colony then disrupts tubular filtration, leading to 
obstruction of nephron and the symptoms of pyelonephritis.*° 
P-fimbriae have also been implicated as one of the key virulence 
factors involved in acute kidney dysfunction in renal transplant 
patients.°” 


Other adhesins 


S-fimbriae and F1C fimbriae have also been shown to play a role 
in UTI. S-fimbriae bind to sialic acid residues via the SfaS adhesin; 
this facilitates bacterial dissemination within host tissues and is 
often associated with E. coli strains that cause sepsis, meningitis, 
and ascending UTIs.!° FIC fimbriae bind to glycosphingolipids 
in renal epithelial cells and induce an interleukin-8 inflammatory 
response.*® Fimbrial Dr and afimbrial Afa adhesins of E. coli are 
associated with recurrent UTI and UTI during pregnancy.*?- 
Murine models suggest that that Dr and Afa adhesins play a role in 
the development of chronic kidney infection.-4 


Non-adhesive virulence factors 


UPEC, in common with other Gram-negative organisms, also has 
cell wall modifications, motility enhancements, and secreted toxins 
that further enhance pathogenicity. 


Polysaccharides 
The bacterial capsule and lipopolysaccharide (LPS) both act as 
virulence factors. The capsule is a polysaccharide covering for the 
bacteria that protect it from the host immune system’s responses, 
particularly phagocytic engulfment and complement-mediated 
attack. Some capsular subtypes, such as K1 and K5 mimic compo- 
nents of host tissue, preventing effective immune response.*5 

LPS is a core component of the cell wall of Gram-negative bac- 
teria, and in UPEC is an important activator of pro-inflammatory 
epithelial response via the induction of nitric oxide, as well as 
antimicrobial peptide and cytokine production.*®4” However, the 
systemic immune response evoked by UPEC LPS may also have 
detrimental effects by causing acute kidney injury, particularly in 
renal transplant patients with UTI.4849 


Flagellum 

Flagellum, the organelle made up of flagellin protein and responsi- 
ble for bacterial motility plays a role in the virulence of many UPEC 
strains for both lower and upper urinary tract infection. Flagella 
activity may allow bacteria to ascend from the bladder and cause 
pyelonephritis. These UPEC strains may invade renal collecting 
duct cells through flagellin acting as an epithelial invasion through 
interaction with the TLR 5 receptor.*° Mice deficient in TLR5 are 
more susceptible to UPEC infection in both the bladder and the 
kidney, suggesting that flagellin may be involved in the original 
ascent into the bladder.>! 


Secreted factors 

Secretion of toxins by UPEC and other Gram-negative bacteria is 
often responsible for inflammatory response and symptoms. The 
most significant toxin is a lipoprotein called a-haemolysin (HlyA) 
which is frequently associated with pyelonephritis and renal scar- 
ring.”? a-haemolysin is a pore-forming toxin of the repeats in toxin 


Cytotoxic ; 
as Hemolysi 
necrotizing 


Capsule 


Flagellum 


Fig 1.1.2 Diagram of a uropathogenic E. coli cell bearing type | fimbriae. 
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(RTX) family that are common among Gram-negative patho- 
gens.>>>4 At high concentrations it lyses erythrocytes and host cells, 
enabling bacteria to cross epithelial barriers, damage immune cells, 
and gain access to host iron stores.4>>>° At low concentrations, it 
can induce apoptosis of host immune cells and promote the exfo- 
liation of bladder epithelial cells.5”58 It can also affect intracellular 
calcium levels in renal epithelial cells, with consequent increases in 
IL-6 and IL-8 production.*? 

Cytotoxic necrotizing factor 1 (CNF1) is produced by around 
one-third of all pyelonephritis UPEC strains.®° Experimental data 
suggest that CNF1 disrupts the epithelial cell membrane, allowing 
bacterial invasion.*! In addition, it has been shown to interfere with 
polymorphonuclear phagocytosis and cause apoptosis of bladder 
epithelial cells, thus increasing bladder exfoliation and exposure of 
vulnerable underlying cells. 

Other secreted proteins include secreted autotransporter 
toxin (SAT) and Toll/interleukin (IL-1) receptor (TIR) domain- 
containing protein (Tcp). In vitro, SAT has toxic activity against 
bladder and kidney cells, suggesting a role in the early pathogenesis 
of UTI. Recent work has found that Tcp is able to subvert epithe- 
lial Toll-like receptor (TLR) signalling, preventing early initiation 
of the innate immune response, thereby facilitating bacterial sur- 
vival and kidney infection (Fig. 1.1.2). 


Host defences against uropathogenic Escherichia coli 
colonization of the urinary tract 


The constant challenge of microbial invasion of the urinary tract 
epithelium from the host’s own bowel has mobilized a variety of 
host defensive mechanisms to prevent bacterial colonization and 
survival. The first line of defence is aimed at preventing or limiting 
bacterial adherence to the epithelium. Once adhesion has occurred, 
further responses are activated. 


a LPS 


Reproduced from Springer, The Atlas of Infectious Diseases, Volume 9, 2004, Chapter 1, Edward S. Wong, Jack Sobel, and Gerald Mandell, Figure: Virulence determinants of uropathogenic 


Escherichia coli, Copyright © 2004. With kind permission from Springer Science+Business Media B.V. 
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Constitutive defences 


The normal urinary tract has a number of constitutive (continually 
present) physiological and immune defences to prevent or avert 
bacterial colonization. First is the ‘washout’ effect of urine flow. 
This rinses away loosely adherent or non-attached pathogens from 
the epithelial surface.® Adherence is further limited by the secre- 
tion of glucosamines by the urothelium, which form a protective 
layer on the luminal surface. The high urinary osmolality and low 
pH make it difficult for poorly adapted bacteria to survive. 

Within the urine there are also a number of larger proteins, 
which have been identified as important in innate urinary immune 
defence. The most characterized is Tamm —Horsfall protein (THP), 
a glycoprotein secreted by the loop of Henlé epithelium present 
at high concentrations in the urine. THP acts as an anti-adhesive 
urinary factor by complexing with UPEC type I fimbriae, which is 
then cleared by voiding.®” THP knockout mice have been shown 
to clear E. coli less rapidly and go on to develop chronic bladder 
wall inflammation suggestive of persistent infection.68 Other renal 
epithelial proteins, such as lactoferrin and lipocalin also show anti- 
microbial activity through the sequestering of iron. Cathelicidin 
and defensins; small, highly cationic antimicrobial peptides, are 
also secreted by urothelium in response to pathogens.” These 
peptides work in a non-specific manner by attachment to the ani- 
onic phospholipids on the bacterial cell wall—disrupting their cell 
membrane, increasing cell permeability, and causing cell death.” 


Activated responses 


Bacteria that overcome these initial defences are able to have pro- 
longed contact with the urothelium, resulting in the activation of 
further host immune defence mechanisms. These include epithelial 
exfoliation and the induction of a local and systemic inflammatory 
response. 


Exfoliation of infected cells 


One of the most notable observations of the host response dur- 
ing UTI is disruption of the epithelial barrier by the exfoliation 
of infected cells.”°7! In the absence of infection, the urothelium 
is relatively quiescent, with the umbrella cell layer only renewed 
every few months. However, the normally repressed proliferation 
and differentiation processes are rapidly activated by the FimH 
component of fimbriae, resulting in an exfoliation mechanism that 
involves activation of caspases and cysteine proteases in a pathway 
similar to apoptosis.”%73 Following activation of this pathway, there 
is potential for the umbrella cell layer to regenerate within 24 hours. 

Experiments in which the exfoliation mechanism was damp- 
ened using a pan-caspase inhibitor showed greatly reduced bacte- 
rial expulsion from the bladder. This allowed intracellular bacteria 
to transfer from dying superficial cells to infect other cells.”4 In 
mouse studies, a mild exfoliation process in response to UPEC 
was more likely to result in biofilm formation that migrated into 
deeper layers.?” Consequently, it is clear that rapid exfoliation is a 
key mechanism in the eradication of both attached and internalized 
bacteria from urothelium. 


Inflammatory response 


Successful bacterial adherence to urothelium triggers a variety of 
other innate immune responses. These are characterized by the 
production of a number of pro-inflammatory mediators, including 


cytokines and chemokines.”>-”” Bladder and kidney epithelial cells 
appear to be a major source of interleukin-6 (IL-6) and interleukin-8 
(IL-8) after infection with UPEC, which are important in the devel- 
opment of local tissue damage.”8-7? 

IL-6 possesses a variety of pro-inflammatory functions, including 
neutrophil recruitment and production of acute phase proteins.®° 
IL-8 is also a potent neutrophil chemotactic agent. In humans, 
induction of IL-8 correlates with appearance of neutrophils in the 
urine.”> Neutrophil recruitment to the site of infection has been 
shown to be critical for bacterial clearance from both the blad- 
der and kidney, and their presence is a clinical diagnostic for UTI. 
Other immune competent cells, such as macrophages, eosinophils, 
and natural killer cells are also recruited and granulocytes synthe- 
size nitric oxide, which can kill invading bacteria.*! 

Neutrophil migration to the site of infection is initiated by spe- 
cific bacterial components, which activate pathogen-associated 
molecular pattern receptors (PAMPs) such as Toll-like receptors 
(TLRs).8283 This triggers a signalling pathway that initiates epithe- 
lial antimicrobial and wider inflammatory responses. The primary 
receptors expressed on urothelium are TLR 2, 4, and 5. TLR 2 is 
activated by peptidoglycan, part of the cell wall of bacteria. TLR 4 
and its co-receptors (CD14 and MD2) recognize bacterial LPS and 
TLR 5 is activated by flagellin. Bacteria can evade these responses 
by expressing virulence factors such as Tcp to inhibit some TLR- 
activated pathways.°>84 The importance of these early interactions 
between bacterium and epithelial cell has been further highlighted 
by the effect of gene polymorphisms. In mice, polymorphisms 
of the TLR 4 gene are associated with reduced sensitivity to LPS, 
absence of neutrophil recruitment, and delayed clearance of bac- 
teria from the urinary tract.®> Recently, it was also observed that 
infected mouse urothelial cells were over time able to expel intra- 
cellular E. coli via a TLR 4-initiated and cyclic AMP-mediated 
mechanism.*¢ In humans, a TLR 4 polymorphism has been shown 
to increase susceptibility to septic shock and Gram-negative bac- 
teraemia.8” Other studies have suggested a role for reduced TLR 
4 expression in promoting a clinically beneficial tolerance state in 
asymptomatic bacteriuria, rather than a more harmful situation 
of severe disease.88 In population studies of women with recur- 
rent cystitis, a TLR 5 stop-codon polymorphism is associated with 
increased UTI susceptibility.®? 


Antibody response 

Due to the relatively short duration of most UTI and the constantly 
evolving expression profile of invading bacteria, adaptive immunity 
is not thought to play a significant role in host defence. However, 
in ascending infections of longer duration, the adaptive immune 
response is activated with the production of high-affinity antibod- 
ies by B and T lymphocytes. In pyelonephritis, there is serum and 
kidney immunoglobulin synthesis with antibodies targeting type 
I and P-fimbriae detectable in serum, and in IgG and SIgA anti- 
bodies in the urine.” Local synthesis of these antibodies enhances 
opsonization and reduces adherence of E. coli.?! These findings 
have encouraged attempts to create vaccines against fimbrial com- 
ponents of UPEC to reduce colonization and ascending infections 
in susceptible female patients.” 
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CHAPTER 1.2 


Antimicrobial agents 


Katherine E. Walton and Sally Ager 


Introduction to antimicrobial agents 


Urinary tract infections (UTIs) are common and they are experi- 
enced more frequently by women than men.! It is estimated that 
up to half of all women will have at least one UTI during their life- 
time.! Healthcare-associated infections (HCAI) are recognized as 
important, potentially preventable causes of morbidity, mortality, 
and healthcare costs. In a recent prevalence survey, UTIs were the 
second commonest type of HCAI in English hospitals. Escherichia 
coli is the commonest cause of UTI? and the urinary tract is the 
commonest source for E. coli bacteraemia (Fig. 1.2.1).4 

Important risk factors for the development of UTI include sex, 
age, structural and functional abnormalities of the urinary tract, 
and catheterization or urinary tract instrumentation. Safe uro- 
logical practice therefore relies on an understanding of the preven- 
tion and management of UTI, including judicious antimicrobial 
prescribing. 

Antimicrobial agents are substances that kill or inhibit the 
growth of microorganisms, such as bacteria, fungi, or proto- 
zoa. Antibacterial agents affect bacteria. Strictly speaking, the 
term ‘antibiotic refers to antimicrobials produced by a micro- 
organism, thus excluding synthetic antibacterials, although the 
terms ‘antibiotic, ‘antibacterial’, and ‘antimicrobial’ are often used 
interchangeably. 


Fig. 1.2.1 Escherichia coli (E. coli) growing on chromogenic agar. E. coli is the 
commonest cause of urinary tract infections. Chromogenic media may be used in 
the laboratory to aid identification of potential uropathogens. 

With kind permission of Jesmond IT. 


Indications for antimicrobial prescribing 
Antimicrobial agents are prescribed for the following reasons: 
+ Empirical therapy 

+ Directed therapy 

+ Prophylaxis 


Empirical therapy 


Antimicrobials are given based on the most likely causative 
organism(s) and local resistance patterns, before confirmation of 
the pathogen’s identity. Empirical therapy is required for severe or 
life-threatening infection; it is important that appropriate, broad- 
spectrum antibiotics are started quickly, ideally within one hour of 
the presumptive diagnosis. Whenever possible, relevant diagnostic 
specimens should be collected prior to starting antimicrobial ther- 
apy (Fig. 1.2.2). 


Directed therapy 


Wherever possible, empirical therapy using broad-spectrum agents 
should be de-escalated to directed therapy using narrow spectrum 
antimicrobials once the identity and sensitivities of the pathogen 
are known. For less severe infections, particularly if the diagnosis 
is uncertain, it may be appropriate to await culture and sensitiv- 
ity results before prescribing directed therapy, facilitating targeted 
treatment with narrow spectrum antimicrobials. 


Prophylaxis 

Prophylactic antimicrobials are given in circumstances where the 
risk or consequences of an infection are sufficiently severe to justify 
preventative action. It should be noted that the use of antibiotics is 
only part of a range of infection prevention measures. 


Surgical prophylaxis 
Antimicrobial prophylaxis is recommended for surgical procedures 
with a recognized risk of infection; generally, clean-contaminated 
or contaminated operations, and clean surgery involving implant- 
ation of prosthetic material.>-” Opening of the urinary tract is con- 
sidered clean-contaminated surgery.’ Local guidelines are based 
on the likely organisms associated with the procedure and local 
antimicrobial susceptibility patterns. Where possible, narrow spec- 
trum agents should be chosen. Many guidelines advise avoidance 
of agents such as cephalosporins, quinolones, and clindamycin to 
minimize the risk of Clostridium difficile infection.? 

In order to achieve maximum serum concentration during 
the procedure, intravenous antimicrobial prophylaxis should be 


administered at induction of anaesthesia or within 30-60 minutes 
before the operation starts.>-® Single-dose prophylaxis is usually 
adequate. A second dose may be indicated for significant intraop- 
erative blood loss (more than 1.5 L) or prolonged operations.>®® 
Oral agents with good bioavailability can be considered but this 
may be less reliable and logistically more difficult to administer at 
the appropriate time.67 

There is good evidence supporting antibacterial prophylaxis for 
transurethral resection of prostate (TURP) and transrectal prostate 
biopsy but there have been few studies for other urologic inter- 
ventions.!° Nevertheless, antimicrobial prophylaxis is currently 
recommended for a number of invasive urological procedures (see 
Table 1.2.1).6-811 


Post-exposure prophylaxis 

Post-exposure prophylaxis may be advised for contacts of certain 
communicable diseases in order to prevent transmission of the 
infection, for example meningococcal meningitis, pertussis, and 
tuberculosis.!! 


Prophylaxis of special patient groups 

Antibacterial prophylaxis may also be recommended for certain 

individuals with factors that put them at higher risk for specific 

infections. For example, asplenic patients may receive phenoxym- 

ethylpenicillin in order to prevent pneumococcal infection.!! 
Prophylactic antibacterials may sometimes be prescribed for 

specific individuals in an attempt to prevent recurrent UTIs, 


Table 1.2.1 Prophylaxis for urological procedures 
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for example in children with vesicoureteric reflux. Prophylaxis 
should generally only be considered following a risk assessment if 
other approaches are not possible. Long-term low-dose therapy is 
administered, basing the choice of agent on previous urinary cul- 
ture and sensitivity results. Nitrofurantoin or trimethoprim may 
be considered as options.!! Long-term antibiotic exposure may 
result in adverse drug effects and the development of antimicrobial 
resistance. 


Principles of antimicrobial prescribing 


Antimicrobial stewardship 


Careful consideration must be given before antimicrobial agents 
are prescribed. They may cause allergic or other adverse reac- 
tions, and harm an individual's normal protective microbial flora.!? 
Broad-spectrum antibacterial use is associated with the acquisition 
of resistant organisms such as extended spectrum beta-lactamase 
(ESBL)-producing Gram-negative bacteria!*!4 or methicillin- 
resistant Staphylococcus aureus (MRSA)!5-!8 and the development 
of Clostridium difficile infection (CDI). !°-** Adverse effects can be 
minimized by the introduction of antimicrobial stewardship pro- 
grammes such as ‘Start smart—then focus.?> Antibacterial drugs 
should not be prescribed unless there is an accepted prophylactic 
indication or clinical evidence of a bacterial infection requiring 
treatment. At the same time, patients with severe or life-threatening 
infections must receive prompt treatment with appropriate, often 


Procedure Antibiotic prophylaxis recommended? Likely pathogens 
EAU AUA SIGN 
Transurethral resection of prostate Yes Yes Yes Enterobacteriaceae and enterococci 
Transrectal biopsy of prostate Yes Yes Yes Enterobacteriaceae and enterococci, possibly anaerobes 
Transurethral resection of bladder tumour No! Yes No Enterobacteriaceae and enterococci 
Percutaneous nephrolithotomy Yes Yes Yes/No? Enterobacteriaceae, enterococci, and staphylococci 
Ureteroscopy for stone removal/fragmentation Yes/No? Yes Yes Enterobacteriaceae, enterococci, and staphylococci 
Shock wave lithotripsy Yes/No‘ Yes Yes Enterobacteriaceae and enterococci 
Cystoscopy/urodynamic investigation No? Yes/No® No® Enterobacteriaceae, enterococci, and staphylococci 
Clean open or laparoscopic procedures No? No? No? Skin organisms, catheter-associated organisms 
(urinary tract not opened, e.g. nephrectomy) 
Clean-contaminated procedures (urinary or Yes Yes Yes Enterobacteriaceae, enterococci, and staphylococci 
gastrointestinal tracts opened, e.g. pyeloplasty, 
vaginal surgery, cystectomy) 
Implantation of prosthetic device Yes Yes Yes Enterobacteriaceae, enterococci, and skin organisms 
(e.g. staphylococci) 

Contaminated open procedures Yes Yes Yes Enterobacteriaceae, enterococci anaerobes, and skin 
(use of bowel segments) organisms (e.g. staphylococci) 

EAU = European Association of Urology; SIGN = Scottish Intercollegiate Guidelines Network; AUA = American Urological Association. 

1: Consider in cases with high risk factors for UTI and for large necrotic tumours; 2: Recommended for stones 20 mm or greater or with pelvicalyceal dilation (one week preoperative 


fluoroquinolone recommended); 3: Recommended for proximal/impacted stone. Not recommended for uncomplicated distal stone (but consider in high-risk patients); 4: Not 
recommended for uncomplicated cases. Recommended in cases complicated by stent or nephrostomy catheter; 5: Consider in patients with high risk factors (bacteriuria, indwelling 
catheters, history of urogenital infection/abnormalities, immunosuppressed/post-transplant patients, diabetes mellitus, long inpatient stay, poor nutritional status, smoking, recent 
hospitalization, coexistent infection at other sites, older age, obesity); 6: Not if negative urine culture pre-procedure; 7: In children. 
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Fig. 1.2.2 Specimen of urine and urine test strip. Near-patient testing of urine 
samples, including analysis for the presence of leucocyte esterase, nitrites, protein, 
and blood, may be carried out using urine reagent strips (dipsticks) to give an early 
indication of the likelihood of urinary infection. 

With kind permission of Jesmond IT. 


broad-spectrum agents. If indicated, the choice of antimicrobial 
agent should normally be directed by local or national evidence- 
based guidelines and, whenever possible, diagnostic specimens 
should first be collected. Antimicrobial prescriptions should be 
accompanied by a clear record of the clinical indication, route of 
administration, duration, and review date. Oral administration is 
generally preferred, however, if intravenous antimicrobial treat- 
ment is required, it should be switched to oral medication as soon 
as this is safe. The duration of therapy depends on the type and 
nature of the infection and the clinical response to treatment. Local 
guidelines should specify standard durations for specific infections 
and courses should generally be kept to the minimum consistent 
with safety. Regular review of clinical progress and microbiology 
results facilitates the de-escalation of therapy, allowing patients 
who were initially commenced on broad-spectrum agents to be 
switched to targeted treatment with narrower spectrum antimi- 
crobials. There should be regular review of local antimicrobial 
guidelines and audit of adherence to the key principles of judicious 
antimicrobial prescribing. 


Antimicrobial choice 


Local antimicrobial guidelines should be evidence-based and refer 
to available national guidelines.” Antibacterial choice will depend 
on the site and severity of the infection, the likely pathogens, and 
their local antimicrobial resistance patterns. Patient factors should 
also be considered, including age, clinical status, special factors 
such as pregnancy or immunosuppression, co-morbidities, aller- 
gies, medication which may result in potential drug interactions, 
previous microbiology results, and antimicrobial treatment history. 

Important antimicrobial characteristics include the drug’s 
spectrum of activity, routes of administration, potential side 


effects, and cost. Pharmacokinetics is the study of the effects of 
the body on a drug, including absorption, distribution, metabo- 
lism, and elimination, while pharmacodynamics is the study of 
the effect of the drug on the patient. Both factors help to deter- 
mine optimal dosing regimens. Some antibacterial agents, such 
as the beta-lactams, are able to kill bacteria (bactericidal), while 
others only inhibit replication (bacteriostatic), for example sul- 
phonamides. This may be a consideration when choosing ther- 
apy. The minimum inhibitory concentration (MIC) provides an 
assessment of an individual antibacterial agent’s activity against 
a particular organism. Antimicrobials may show time-depend- 
ent or concentration-dependent killing. Dosing regimens that 
expose bacteria to drug concentrations above their MIC for 
as long as possible are preferred for time-dependent killing 
(e.g. penicillin therapy). To optimize concentration-depend- 
ent killing, peak serum concentrations should exceed the MIC 
of the target bacterium. This is important for aminoglycoside 
treatment. 


Combination therapy 


Treatment with a single antimicrobial agent is generally preferred, 
however, combination therapy is sometimes indicated. It may pro- 
vide a broad spectrum of activity for mixed infections or be used 
for severe infections in immunocompromized patients, empiri- 
cal treatment of life-threatening infections, or treatment of seri- 
ous, deep-seated infections, such as prosthetic valve endocarditis. 
Combination therapy is also indicated for a few specific infections, 
such as tuberculosis, to prevent the development of resistant bacte- 
rial clones.!! 


Therapeutic drug monitoring 


Measurement of serum concentration is advisable for some anti- 
microbials in order to minimize toxicity or determine whether 
effective concentrations have been achieved.*4 This is particularly 
important for drugs with a narrow therapeutic index, such as ami- 
noglycosides, where the therapeutic band between effective and 
toxic concentrations is narrow. The correct timing of the sample 
is important: pre-dose (trough) concentrations are usually meas- 
ured, although post-dose (peak) levels may sometime be helpful. 
Therapeutic drug monitoring is required for courses of parenteral 
gentamicin and vancomycin as well as other, less frequently used 
agents.!!25 Local guidelines should be followed and the advice of a 
clinical microbiologist or other infection specialist sought in cases 
of uncertainty. 


Prescribing for special patient groups 


Patient factors are important when prescribing antimicrobial 
agents. Examples of special considerations for certain patient 
groups are given below: 


Children 

The pharmacokinetics and pharmacodynamics of drugs are often 
different in children. There may be a greater risk of adverse effects, 
particularly in the neonate, as a result of reduced drug clearance 
and different tissue sensitivities to toxins. Certain antimicrobial 
agents such as tetracyclines are contraindicated in children, while 
others should be used with caution (e.g. ciprofloxacin). When pre- 
scribing for children, the doses of antimicrobial agents must be 
carefully calculated.?° 


Pregnancy and breast feeding 

A risk assessment should be carried out before drugs are prescribed 
during pregnancy as there may be the potential for teratogenic- 
ity or other harmful effects on the embryo or foetus. For example, 
tetracyclines, quinolones, and aminoglycosides should be avoided 
throughout pregnancy, trimethoprim should be avoided during the 
first trimester, and nitrofurantoin should be avoided at term.!! 

It is important to check whether individual antimicrobial agents 
may be safely prescribed to a breast-feeding mother. Some antimi- 
crobial agents appear only as trace amounts in breast milk, while 
others reach higher concentrations and are therefore likely to be 
transmitted to the breast-feeding infant.!! 


The elderly 


Serum and tissue concentrations may be increased in the elderly as 
a result of pharmacokinetic changes, such as reduced renal clear- 
ance. Older patients may have several co-morbidities and may also 
take multiple drugs, increasing the potential for adverse effects and 
drug interactions. 

Hepatic impairment 

Hepatic metabolism and elimination of drugs such as metroni- 
dazole may be impaired in patients with severe liver disease. In 
addition, drugs associated with dose-related or idiosyncratic hepa- 
totoxicity may produce their adverse effects more frequently in 
patients with pre-existing hepatic impairment. For example, flu- 
cloxacillin and nitrofurantoin should be used with caution because 
of the risk of cholestatic jaundice. Monitoring of liver function tests 
is advised when some antibacterials (e.g. co-amoxiclav) are pre- 
scribed for patients with liver disease. 


Renal impairment 

Dose adjustment is required if reduced renal excretion may lead 
to drug or metabolite accumulation and toxicity (see Table 1.2.2). 
Aminoglycosides and glycopeptides should be avoided, or used 
with caution and careful therapeutic drug monitoring. Some anti- 
microbial agents, such as nitrofurantoin, will be ineffective for the 
treatment of UTIs if renal function is impaired because the drug 
will not achieve therapeutic concentrations in the urine. Expert 
advice should be sought about the appropriate dosing of antimicro- 
bial agents in patients receiving renal replacement therapy. 


The immunocompromized patient 

Immunocompromized patients are at greater risk of severe and 
opportunistic infections. The type and severity of the immunode- 
ficiency or immunosuppression determines the spectrum of likely 
infections; for example, neutropenic patients are particularly vul- 
nerable to severe bacterial infections, including Gram-negative 
sepsis. Clinical signs and symptoms of infection may appear atypi- 
cal as a result of the impaired host immune response. It is there- 
fore important to remain vigilant for evidence of infection, obtain 
appropriate diagnostic samples, and institute empirical treatment 
as soon as a Clinical diagnosis of severe bacterial infection is made 
(Fig. 1.2.3). Bactericidal agents are generally preferred for the 
treatment of severe infections in immunocompromized patients. 


Antibiotic allergy 

Before prescribing, it is important to ensure that there is no his- 
tory of drug hypersensitivity. Attempts should be made to estab- 
lish the nature of the allergic reaction and this should be clearly 
documented in the medical records. Penicillin allergy is relatively 
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common, occurring in up to 10% of exposed individuals, however 
anaphylaxis is reported in less than 0.05%.1! All penicillins should 
be avoided by patients allergic to one type of penicillin because of 
the risk of cross-hypersensitivity. Cephalosporins and other beta- 
lactams should also be avoided if there is a history suggesting an 
immediate hypersensitivity reaction to penicillins."! 


Clostridium difficile infection (CDI) 

Antibiotic exposure should be minimized, and avoided if possi- 
ble, in patients with a past history of CDI. The Department of 
Health of England has advised that the use of some antibacterial 
drugs, such as cephalosporins, clindamycin, and ciprofloxacin, 
should be avoided in order to minimize the risk of CDI.? If anti- 
bacterial treatment must be given, then it is preferable to choose 
agents other than these and to keep the course as short as possible. 


Colonization or infection with multiresistant bacteria 
A history of previous colonization or infection with multiresistant 
organisms such as MRSA, glycopeptide-resistant enterococci (GRE), 
or multiresistant Gram-negative bacteria including ESBL-producers 
and carbapenemase-producing Enterobacteriaceae (CPE) should 
be considered if empirical therapy or prophylaxis is prescribed. It is 
useful to establish the patient's recent antimicrobial history because 
prolonged antibacterial therapy or exposure to multiple antibiotics, 
particularly in the inpatient setting, may predispose to coloniza- 
tion or infection with multidrug resistant bacteria. A travel history 
should be obtained to ascertain if the patient has travelled to coun- 
tries or to areas of the UK known to have problems with the spread 
of CPE, and if they were treated in healthcare premises in these 
places. In England, hospital admissions must be risk assessed for 
MRSA and CPE carriage, and high-risk patients should be screened 
and isolated until screening results are available.?778 

Patients colonized with MRSA may be given topical decoloni- 
zation therapy.”? Local guidelines will indicate the circumstances 
under which this should be attempted, and the recommended top- 
ical agents. Preoperative screening ensures that appropriate anti- 
bacterial prophylaxis may be chosen for MRSA-positive patients 
and provides the opportunity to administer perioperative decolo- 
nization therapy. 
Extremes of body weight 
The 2015 health survey for England found that 27% of adults were 
obese, and the prevalence of morbid obesity was 2% in men and 4% 
in women.*? Although treatment of patients at extremes of body 
weight is an increasing occurrence, there is limited data available 
to guide dosing. The site of infection is important. While the ideal 
body weight may help guide dosing in some circumstances, cal- 
culated doses may be inadequate for optimal treatment of certain 
severe infections in morbid obesity, particularly those that involve 
adipose tissue, such as necrotising fasciitis.>! 


Antibacterial agents 

Mechanisms of action 

Most antibacterial agents affect one of four targets: 
+ Cell wall synthesis 

+ Protein synthesis 

+ Nucleic acid synthesis 


+ Cell membrane integrity 
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Table 1.2.2 Antibacterial agents commonly used in urological practice”81134 


Antibacterial agent 


Usual dosing regimen 


Common indications 


Notes 


Nitrofurantoin 


+ Treatment: 50-100 mg QDS PO or 100 mg BD 


+ 


or the modified-release formulation 


Prophylaxis: 50-100 mg PO nocte 


Treatment and prophylaxis of lower urinary 
tract infection 


+ Avoid if creatinine clearance 
<45 mL/min/1.73 m** 

Avoid at term in pregnancy 
(risk of neonatal haemolysis) 


Trimethoprim 


+ Treatment: 200 mg BD PO 


Prophylaxis: 100 mg nocte PO 


Reduce dose in severe renal impairment 


Treatment and prophylaxis of lower urinary 
tract infection 


Avoid during the first trimester 
of pregnancy 


Co-trimoxazole 


+ Treatment: 960 mg BD PO 


Reduce dose in severe renal impairment 


Consider as second-line directed therapy 
for lower urinary tract infection if pathogen 
sensitive and there is justification for use in 
place of trimethoprim 


@ Avoid in first and third 
trimesters of pregnancy 

+ Coadministration of warfarin 
and co-trimoxazole may 
result in a rise in INR 


Amoxicillin + 250-500 mg TDS PO or 500 mg-1 g tds IV Treatment of uncomplicated urinary tract 
Reduce dose in severe renal impairment infection where uropathogen is known to be 
sensitive 
Ampicillin + 250-500 mg QDS PO or 500 mg QDS IV Treatment of uncomplicated urinary tract 
Reduce dose in severe renal impairment infection where uropathogen is known to be 
sensitive 
Flucloxacillin + 500 mg QDS PO or 500 mg-2 g QDS IV Treatment of skin and soft tissue infections 


mpairment 


Reduce dose in severe rena 
(eGFR <10 mL/min/1.73 m?) 


such as surgical wound infections 


Co-amoxiclav 


375 mg or 625 mg PO 6-8 hourly or 1.2 g 8- 
hourly IV 


n renal impairment (eGFR <30 mL/min/ 
1.73 m2), give initial dose, then reduce dose 


 Second-line agent for treatment of simple 
cystitis caused by bacteria resistant to 
first-line agents 


Consider as treatment for complicated 
UTIs including pyelonephritis, depending 
on local antimicrobial sensitivity patterns 


@ Perioperative prophylaxis 


(Piv)mecillinam 


400 mg po initial loading dose then 200-400 
mg TDS PO 

Reduce dose in renal impairment if prolonged 
treatment planned 


Second-line agent for treatment of 
lower urinary tract infection caused by 
uropathogens resistant to first-line agents 


Useful option for oral treatment 
of infections caused by beta- 
lactamase-producing organisms 


Piperacillin- + 45gTDSIV Treatment of complicated UTIs such as 
tazobactam + Increase interval between doses to 12-hourlyin pyelonephritis and urosepsis 
severe renal impairment (eGFR <20 mL/min/ 
173 m?) 
Cefalexin + 250mg qds or 500 mg TDS PO Treatment of uncomplicated lower UTIs Useful option in pregnancy 
+ Reduce dose in renal impairment 
Cefuroxime @ 750 mg-1.5 g TDS IV Treatment of complicated UTIs, and + Useful option in pregnancy 
+ Reduce dose in renal impairment urosepsis including pyelonephritis @ May be associated with 
(eGFR of less than 20 mL/min/1.73 m?) + May be used as prophylaxis for urological Clostridium difficile infection 
procedures 
Ceftazidime + Treatment: 1-2 g BD or TDS IV Treatment of serious, complicated urinary May be associated with 


+ Reduce dose in renal impairment 


(eGFR less than 50 mL/min/1.73 m?) 
Prophylaxis: 1 g IV 


infections caused by pathogens resistant to 
first-line agents 


Clostridium difficile infection 


(continued ) 


Table 1.2.2 Continued 


Antibacterial agent 


Usual dosing regimen 


Common indications 


Notes 


Ertapenem + 1gODIV Licensed for abdominal infection, acute + Not active against 
+ Reduce dose in renal impairment gynaecological infections, community- Pseudomonas aeruginosa 
acquired pneumonia, and diabetic foot + Offlicense uses include 
infections of skin and soft tissue treatment of severe sepsis, 
including complicated UTIs, 
polymicrobial infections, and 
infections caused by multi- 
resistant organisms, including 
ESBL producers 
Meropenem + 500 mg-1 g TDS IV Treatment of severe sepsis, including Has antipseudomonal activity 
+ Reduce dose in renal impairment complicated UTIs, polymicrobial infections, 
and infections caused by multiresistant 
organisms, including ESBL producers 
Aztreonam * 1gTDSIV Treatment of serious Gram-negative 
+ Reduce dose in renal impairment infections, including urosepsis, caused by 
(eGFR less than 30 mL/min/1.73 m?) sensitive pathogens 
Gentamicin Treatment: 4-7 mg/kg IV OD Treatment of complicated UTIs including + Has antipseudomonal activity 
Monitor serum levels and adjust dose pyelonephritis and urosepsis e Use with caution in patients 
To avoid excess dosing in obese patients, use + Prophylaxis for urological surgery with renal impairment 
ideal weight for height to calculate dose (reduce dose) 
For once-daily dosing, a trough level + Avoid in pregnancy 
(24-hours post-dose) of <1 mg/L gentamicin is + Avoid once-daily regimens in 
satisfactory patients with burns of >20%, 
Alternatively, measure serum levels collected endocarditis, or creatinine 
between 6 and 14 hours post-dose and use a clearance of <20 mL/min 
nomogram to guide subsequent doses 
+ Prophylaxis: 1.5 mg/kg IV 
Vancomycin —1.5 g bd by slow IV infusion Treatment of serious infections caused by 


@ Monitor serum levels and adjust dose 


@ Maintain pre-dose (trough) levels between 


0 and 15 mg/L—higher trough levels of 
5-20 mg/L may be required for some specific 
indications 


resistant Gram-positive bacteria such as 
MRSA and Enterococcus faecium 

+ Second-line Gram-positive treatment for 
patients with penicillin allergy 


+ Reduce dose in renal impairment 
Oral vancomycin + 125mg PO QDS Treatment of severe or recurrent Clostridium 
+ Dose may be increased up to 500 mg QDSPO difficile infection 
or severe infections 
Teicoplanin + Weight <70 kg: loading dose of 400 mg IV BD Treatment of serious infections caused by Common indications: Treatment 
or three doses, followed by 400 mg OD IV resistant Gram-positive bacteria such as of Clostridium difficile infection 
+ Weight >70 kg: loading dose of 6 mg/kg IV BD MRSA and Enterococcus faecium. 
or three doses, followed by 6 mg/kg OD IV  Second-line Gram-positive treatment for 
+ Reduce dose in renal impairment patients with penicillin allergy 
Fidaxomicin 200 mg PO BD for 10 days Treatment of Clostridium difficile infection Limited clinical data available for 


use in severe or life-threatening 
infection therefore caution 
advised 


Ciprofloxacin 
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+ 


250-750 mg BD PO or 400 mg BD IV 


Reduce dose in renal impairment 


+ Second-line treatment of UTIs caused by 
uropathogens resistant to first-line agents 

Treatment of pyelonephritis, prostatitis, 
and epididymo-orchitis 


+ Has antipseudomonal activity 
although resistance may 
develop 

@ Avoid in children and 
pregnancy 

+ May be associated with 
Clostridium difficile infection 


(continued ) 
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Table 1.2.2 Continued 


Antibacterial agent 


Usual dosing regimen 


Common indications 


Notes 


Colistin ¢@ 1-2 million units IV TDS for patients over 60 kg Reserve for the treatment of serious Gram- Avoid in pregnancy, especially 
+ Reduce dose and monitor levels in renal negative infections resistant to other during second and third 
impairment antimicrobial agents trimesters 
Linezolid 600 mg BD PO or IV In UK, licensed for complicated skin and soft @ A reversible non-selective 


monoamine oxidase 
inhibitor (MAOI) 

Use not advised while taking, 
or within two weeks of 
stopping, another MAOI 


tissue infections and pneumonia—usually 
reserved for treatment of serious infections 

caused by resistant Gram-positive pathogens œ 
such as MRSA or for treatment of patients 

allergic to first-line agents 


Treatment usually limited to 
10 days or less to minimize 
risk of adverse effects 


Disulfiram-like reaction if taken 
with alcohol 


Metronidazole Treatment: 400-500 mg TDS PO or 500 mg TDS IV 


+ Prophylaxis: 500 mg IV perioperatively 


+ Treatment or prophylaxis of anaerobic 
infections 

Treatment of Clostridium difficile infection 
of mild or moderate severity (oral 
treatment is preferable to IV) 


+ Alternatively, prophylaxis may be given two 
hours prior to the procedure via the oral route 
(400 mg PO) or by the rectal administration of 
a 1 g suppository 


BD = 12 hourly; IV = intravenous; eGFR = estimated glomerular filtration rate; TDS = 8 hourly; PO = orally; INR = international normalized ratio; QDS = 6 hourly; nocte = at night; 
UTI = urinary tract infection. 

*Nitrofurantoin may be used with caution in adults with eGFR 30-44 mL/min/1.73 m? for a short course only (3-7 days) to treat uncomplicated UTI caused by suspected/proven 
multiresistant bacteria and only if potential benefit outweighs risk. 


the bacterial cell wall polymer, peptidoglycan. This results in cell 
wall disruption, bacterial lysis, and death. 


Cell wall active agents 

These include the beta-lactam agents (penicillins, cephalosporins, 
carbapenems, and monobactams) and glycopeptides. They com- 
petitively inhibit the carboxypeptidase and transpeptidase enzymes 
(also known as penicillin binding proteins, PBPs) that cross-link 


Inhibitors of protein synthesis 
Mammalian and bacterial ribosomes differ in structure and the use 
of antibacterial agents affecting bacterial protein synthesis exploits 
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Fig. 1.2.3 Automated blood culture system (BioMerieux BacT/ALERT 3D). Appropriate diagnostic samples, including blood cultures, should be collected from patients 
presenting with serious urinary infections and urosepsis. Whenever possible, these should be taken before antimicrobial therapy is commenced. 
With kind permission of Jesmond IT. 


these differences. Aminoglycosides work by blocking the formation 
of the bacterial initiation complex. Other protein synthesis inhibi- 
tors include erythromycin, chloramphenicol, and tetracycline. 


Inhibitors of nucleic acid synthesis 

Sulphonamides and trimethoprim inhibit DNA synthesis by pre- 
venting the formation of purine and thymidine, acting at two 
different stages in the synthesis of folic acid. Sulphonamides are 
competitive agonists of para-aminobenzoic acid and trimethoprim 
inhibits the enzyme dihydrofolate reductase. Fluoroquinolones 
such as ciprofloxacin inhibit bacterial topoisomerases (DNA 
gyrases) that are involved in the supercoiling of DNA during 
nucleic acid synthesis. Metronidazole causes DNA breakage in 
anaerobic microorganisms. 


Cell membrane disruption 


Colistin is a polymyxin, which has detergent-like properties. It dis- 
rupts bacterial cell membranes, causing cell lysis and death. 


Mechanisms of resistance 


Bacteria may be intrinsically resistant to certain antimicrobial 
agents; for example, enterococcal resistance to cephalosporins, or 
resistance may develop via new mutations or by acquisition of genes 
from other bacteria. This allows rapid spread of resistance, which is 
promoted by antimicrobial selection pressure. Individual drugs may 
be susceptible to inactivation by several resistance mechanisms and 
some bacteria possess more than one mechanism of resistance. 
There are five main mechanisms of antimicrobial resistance: 


1. Inactivation or destruction; 

2. Inhibition of transport into the cell; 
3. Alteration of target site; 

4. Bypass of affected metabolic pathway; 


5. Active efflux. 


Inactivation or destruction of the antimicrobial agent 
Beta-lactamases are bacterial enzymes that can inactivate beta- 
lactam antibiotics by hydrolysis of the beta-lactam ring. There is a 
wide range of beta-lactamases; their classification is complex, based 
on spectrum of activity and inhibition or molecular structure. 
Extended spectrum beta-lactamase (ESBL) enzymes may be pro- 
duced by some strains of E. coli and other coliform organisms, mak- 
ing them resistant to penicillins, aztreonam, and cephalosporins. 


Inhibition of transport into the cell 

Altered bacterial outer membrane proteins in some strains of 
Pseudomonas aeruginosa affect transport of imipenem into the cell, 
leading to resistance. 


Alteration of antimicrobial target site 

MRSA contains a penicillin binding protein (PBP) with a lower 
affinity for flucloxacillin than the PBP of methicillin-sensitive 
strains of S. aureus. Target site alteration is also a common cause of 
ciprofloxacin resistance and resistance to antimicrobial agents that 
act on the bacterial ribosome, such as erythromycin. 


Bypass of affected metabolic pathway 

Auxotrophs are strains of bacteria with different nutritional require- 
ments from the original or ‘wild strain. These sometimes allow the 
organism to bypass the adverse effect of an antimicrobial agent. 
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Thymidine-dependent bacteria have lost the enzyme thymidilate 
synthetase, and therefore require exogenous sources of thymidine 
for DNA synthesis. Use of pre-formed thymidine bypasses the ear- 
lier stages of folic acid production inhibited by trimethoprim and 
sulphonamides, causing resistance. 


Active efflux of antimicrobial agent 


Certain bacteria can actively pump antimicrobials, such as beta- 
lactams and quinolones, out of the cell causing resistance. 


Antimicrobial susceptibility testing 


Directed therapy requires culture, identification of potential 
pathogens, and antibacterial susceptibility testing to help to 
assess the likelihood of the infection responding to treatment 
with different antimicrobial agents. Disc diffusion testing by 
internationally standardized methods (e.g. EUCAST**) is widely 
used in diagnostic laboratories, categorizing isolates as sensi- 
tive, intermediately sensitive, or resistant to the agents tested 
(Fig. 1.2.4). The Minimum Inhibitory Concentration (MIC) of 
an isolate may be determined by the commercial Epsilometer 
test (Etest), by using automated methods that determine the 
MICs to a panel of agents (e.g. Vitek®) or occasionally by con- 
ventional broth dilution testing. Isolates may also be tested for 
resistance determinants such as ESBL production.’ 


Common antimicrobial agents used 
in urological practice 


A summary of usual indications and adult doses of antimicrobial 
agents used in urology and their common or serious adverse effects 
are shown in Tables 1.2.2 and 1.2.3, respectively. 781134 


Nitrofurantoin 


Nitrofurantoin affects several different bacterial enzymes, inhibit- 
ing ribosomal protein synthesis. It is bactericidal and usually active 
against a range of Enterobacteriaceae (coliform organisms) such as 
E. coli, Klebsiella, and Enterobacter and Gram-positive cocci such as 
enterococci, including GRE, and staphylococci including MRSA. 
Some species, such as Proteus spp. and P. aeruginosa, are intrinsi- 
cally resistant. 


\ 


Fig. 1.2.4 Disc diffusion sensitivity tests carried out on an isolate of Pseudomonas 
aeruginosa. 
With kind permission of Jesmond IT. 
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Table 1.2.3 Common and serious adverse events associated with antibacterial agents 


Antibacterial agent 


Common/serious side effects 


Nitrofurantoin 


+ ©% è è ò% ò% > 


Dose-related GI disturbances (anorexia, nausea, vomiting) 
Parotitis 


Hypersensitivity reactions (rashes, eosinophilia, fever, anaphylaxis) 


oO 


urological toxicity: headache, confusion, peripheral neuropathy 
Pulmonary reactions include pneumonitis, BOOP, and interstitial fibrosis 
H 


Risk of neonatal haemolysis if given to pregnant women at term 


io) 


patotixicity (rare) 


Trimethoprim/Co-trimoxazole 


+ 


+ ©% ¢ @ +è 


GI disturbances: nausea, vomiting, diarrhoea 


Hypersensitivity: rash particularly associated with sulphonamide component, including rarely SJS, TEN 


Bone marrow depression (inhibition of folic acid pathway), rarely neutropenia/agranulocytosis 
(sulphonamide-related) 


Aseptic meningitis/encephalitis 


Hepatotoxicity (rare) 
Warfarin interaction; increase in INR 
Teratogenic risk in first trimester of pregnancy (trimethoprim) 


Neonatal haemolysis and methaemoglobinaemia in third trimester of pregnancy (sulphonamide) 


Amoxicillin,* Ampicillin,* Flucloxacillin®, 
Pivmecillinam* 


+ 


GI disturbances: nausea, vomiting, diarrhoea 

Hypersensitivity reactions (1-10% of exposed patients), ranging from rash to anaphylaxis (less than 0.05%) 
Rarely—interstitial nephritis, haemolytic anaemia, neutropenia and, in high doses, encephalopathy with seizures or 
hepatitis 

Cholestatic jaundice or hepatitis may occur up to two months after completion of flucloxacillin treatment 
Antibioticassociated diarrhoea may occur 


Pivmecillinam associated with oesophageal stricture formation; advise patients to swallow tablets with plenty of 
fluid during a meal while sitting or standing 


Co-amoxiclav* 


(amoxicillin/clavulanate) 


+ +% ¢ >è è è 


GI disturbances (nausea, vomiting, diarrhoea) commoner than with amoxicillin alone 

Hypersensitivity reactions, ranging from rash to anaphylaxis 

Hepatotoxicity (six times more common than with amoxicillin), especially cholestatic jaundice (usually reversible) 
CDI 


Blood dyscrasias 


io) 


S toxicity (rare, high doses may cause encephalopathy and seizures) 


Piperacillin/tazobactam* 


+ è è è è è > 


GI disturbances, especially diarrhoea 


Hypersensitivity: rashes, eosinophilia, fever, pruritis 
Abnormal LFTs, jaundice 
Blood dyscrasias (neutropenia, haemolytic anaemia, pancytopenia) 


DI (it may be less associated with CDI than many other broad-spectrum antibiotics) 


S toxicity (rarely, high doses may cause encephalopathy and seizures) 


epatitis 


Cephalosporins* 


+ ©% ¢ è è 


disturbances: nausea, vomiting, diarrhoea 


ypersensitivity, including rash, anaphylaxis 
DI 


ephrotoxicity rare; may potentiate nephrotoxicity of gentamicin 


Carbapenems* 


+ ©% ¢ > è è 


€ 
E 
H 
G 
Headache 
H 
G 
N 
G 


upsets: nausea, vomiting, diarrhoea 

Hypersensitivity, rashes, eosinophilia, anaphylaxis; there is a low incidence of cross-allergic reactions with penicillins* 
Headache 

Abnormal LFTs, hepatitis, jaundice 

CDI may occur 


Ertapenem and imipenem are associated with seizure, rare with meropenem 


Table 1.2.3 Continued 


Antibacterial agent 


Common/serious side effects 


Aztreonam* + Gl disturbances 
+ Rarely—Gl bleeding, thrombocytopenia, neutropenia 
Jaundice, hepatitis 
+ Seizures 
Flushing, bronchospasm, rash including TEN and erythema multiforme; there is a low incidence of cross-allergic 
reactions with penicillins* 
Aminoglycosides @ Ototoxicity, usually only with prolonged high levels; vestibular > cochlear toxicity 
@ Nephrotoxicity (ATN), dose related; less likely with once-daily dosing than multiple daily doses 
+ Neuromuscular blockade 
@ Skin rashes and hypersensitivity reactions are rare 
Vancomycin and Teicoplanin @ Phiebitis 
@ Hypersensitivity, rashes 
+ Nephrotoxicity at high doses with vancomycin 
+ Ototoxicity is rare; high-frequency hearing loss may occur 
+ Rapid infusion of vancomycin may cause ‘red man syndrome’ related to histamine release: hypotension, dypnoea, 
wheeze, pruritis, urticaria, and flushing of the upper body 
+ Both vancomycin and teicoplanin may be associated with leucopenia and thrombocytopenia 
Ciprofloxacin @ Gl disturbances (abdominal pain, nausea, vomiting, diarrhoea) 
+ CNS effects, including headaches, dizziness, seizures (avoid in known epilepsy) 
+ Hypersensitivity reactions; rashes, pruritis, anaphylaxis, photosensitivity 
+ Arthropathy and tendonitis 
+ Renal Impairment, interstitial nephritis 
+ CD 
+ Haematological side effects (reversible) 
+ Prolonged QT interval 
Colistin Nephrotoxicity 
Rash 
Parenteral therapy may cause neurotoxicity including apnoea, paraesthesiae (perioral and peripheral), headache, 
vertigo, muscle weakness 
+ Rarer neurotoxic manifestations include confusion, psychosis, visual disturbances, slurred speech, and vasomotor 
instability 
Linezolid + GI side effects, taste disturbance 
+ Headache 
Pancreatitis, hypertension, dizziness 
@ Leucopenia, thrombocytopenia, eosinophilia, pancytopenia 
Electrolyte disturbances 
+ Blurred vision, rash, paraesthesia 
 Rarely—lactic acidosis, pancytopenia, anaemia 
Severe optic neuropathy reported rarely on prolonged therapy 
Metronidazole + GI disturbances, taste disturbance, anorexia 
Very rarely hepatitis, jaundice, pancreatitis, pancytopenia, thrombocytopenia, erythema multiforme 
+ Peripheral neuropathy, seizures, leucopenia reported during prolonged therapy 
+ Patients advised not to drink alcohol because of risk of disulfiram-like reaction 


ATN = acute tubular necrosis; BOOP = bronchiolitis obliterans organizing pneumonia; CDI = Clostridium difficile infection; CNS = central nervous system; Gl = gastrointestinal; 
INR = international normalized ratio; LFTs = liver function tests; SJS = Stevens-Johnson syndrome; TEN = toxic epidermal necrolysis. 


*In patients who have a hypersensitivity or anaphylactoid reaction to penicillin, there is cross-reactivity with all classes of penicillins (aminopenicillins, piperacillin-tazobactam, 
pivmecillinam) and a low incidence of cross-allergenicity with other beta-lactam antibiotics (cephalosporins, carbapenems, monobactams). 


Source: data from the Joint Formulary Committee. British National Formulary. 72 ed. London: BMJ Group and Pharmaceutical Press; 2016: 459-546. 
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Nitrofurantoin is well absorbed after oral administration, but 
serum levels remain low and therapeutic levels are achieved only 
in the urine. Consequently, nitrofurantoin is suitable for treatment 
of simple, uncomplicated lower UTIs. It will not reach therapeu- 
tic urinary concentrations and should therefore usually be avoided 
when the eGER is less than 45 mL/min/1.73 m? (see Table 1.2.2).!! 
As development of resistance is relatively rare, and nitrofurantoin 
is unlikely to affect bowel or vaginal flora, it may be considered as 
long-term prophylaxis for selected patients suffering from frequent 
recurrence of UTI caused by susceptible isolates.”!! Nitrofurantoin 
can be given in pregnancy, but should be avoided at term because it 
may cause neonatal haemolysis.!! 


Trimethoprim and co-trimoxazole 


Trimethoprim prevents bacterial DNA replication by inhibiting the 
enzyme dihydrofolate reductase, which is involved in bacterial folic 
acid synthesis. Trimethoprim demonstrates synergistic antibacte- 
rial activity with sulphonamides, which act earlier in the same met- 
abolic pathway. Co-trimoxazole is a combination drug comprising 
trimethoprim and the sulphonamide, sulfamethoxazole. 

These drugs are active against coliform organisms such as E. 
coli and staphylococci including Staphylococcus saprophyticus. 
Enterococcal UTIs are felt unlikely to be responsive to either agent 
as they can bypass the inhibition of folate synthesis by utilizing pre- 
formed folic acid found in urine.*> Trimethoprim is only available 
as an oral formulation, while co-trimoxazole is available as oral and 
intravenous preparations. Both drugs have high oral bioavailability 
and reach therapeutic concentrations in the urine. 

Trimethoprim is used mainly for the treatment of acute uncom- 
plicated bacterial cystitis but it should not be used empirically in 
areas with high resistance rates in E coli.*° Trimethoprim pen- 
etrates prostatic tissue and a 28-day course may therefore be used 
for the treatment of acute prostatitis. Long-term, low-dose pro- 
phylactic trimethoprim may be considered in selected patients 
with frequent, recurrent UTIs.7!! In the United Kingdom, 
co-trimoxazole is generally restricted for the treatment of 
Pneumocystis jirovecii (formerly Pneumocystis carinii) pneumo- 
nia, toxoplasmosis, and nocardia infections because of the risk of 
serious adverse events including Stevens-Johnson syndrome and 
blood dyscrasias.!! As a folate antagonist, trimethoprim poses a 
risk of teratogenicity and should be avoided during the first tri- 
mester of pregnancy.!! 


Amoxicillin and ampicillin 


Penicillins are bactericidal drugs that inhibit the formation of cross- 
links in the peptidoglycan layer of bacterial cell walls, resulting in 
bacterial lysis. Ampicillin and amoxicillin are semi-synthetic peni- 
cillins known as aminopenicillins. They have good activity against 
streptococci, many enterococci, and some Gram-negative bacilli, 
including some strains of E. coli and Proteus mirabilis. However, 
aminopenicillins are destroyed by bacterial beta-lactamases and 
are therefore inactive against most staphylococci and many coli- 
form organisms. Amoxicillin and ampicillin are both available as 
oral, intravenous, and intramuscular preparations. Both drugs are 
excreted in urine. 

Amoxicillin and ampicillin may be used to treat UTIs caused 
by sensitive uropathogens; however, resistance to these agents is 
widespread. In one international study, more than half the strains 
of E. coli isolated from patients with uncomplicated UTI were 


reported to be amoxicillin resistant.>” For this reason, these agents 
should not be used empirically. 

Penicillin hypersensitivity reactions occur in 1-10% of exposed 
patients, ranging from rash to anaphylaxis, which occurs in less 
than 0.05% of treated patients. There is cross-hypersensitivity 
between aminopenicillins and other penicillins, and a lower cross- 
hypersensitivity rate with cephalosporins and carbapenems. As a 
general rule, these agents should all be avoided in patients with a 
history of anaphylaxis, urticaria, or rash that develops immediately 
following penicillin treatment.!! 


Flucloxacillin 


Flucloxacillin is a semi-synthetic penicillin, which is stable to 
staphylococcal beta-lactamase. It is active against streptococci and 
methicillin-sensitive staphylococci including S. aureus, but its spec- 
trum of activity does not extend to MRSA, enterococci, or Gram- 
negative bacteria. Oral and intravenous formulations are available. 

Flucloxacillin is used for the treatment of staphylococcal infec- 
tions including skin and soft tissue infections such as surgical site 
infections. 


Co-amoxiclav 


Co-amoxiclav is a combination of amoxicillin and clavulanic acid 
(a beta-lactamase inhibitor) that protects amoxicillin from enzy- 
matic degradation by many bacterial beta-lactamases, broadening 
its spectrum of activity. Co-amoxiclav is active against S. aureus and 
many amoxicillin-resistant coliform organisms, although MRSA 
and P aeruginosa remain resistant. Oral and intravenous formula- 
tions are available. 

Therapeutic concentrations of both drugs can be achieved in 
urine. Co-amoxiclav may be used as second-line treatment for sim- 
ple cystitis caused by uropathogens resistant to narrow spectrum 
antimicrobial agents. It is also suitable for the treatment of com- 
plicated UTIs and some centres use it as perioperative prophylaxis 
for invasive urological procedures such as cystourethroscopy or 
ureteroscopy.”8 


(Piv)mecillinam 
Pivmecillinam is the oral pro-drug of mecillinam, a penicillin that 
is relatively stable to bacterial beta-lactamases, including ESBLs. 
Mecillinam is active against a range of coliform organisms, includ- 
ing some multiresistant strains of E. coli, Klebsiella, Enterobacter, 
and Proteus. Pseudomonas species are not susceptible; Morganella 
and Serratia species are often resistant, and mecillinam has little 
activity against Gram-positive organisms such as enterococci. 
Pivmecillinam is used to treat lower UTIs and may be particu- 
larly useful in the outpatient setting for infections caused by beta- 
lactamase-producing organisms. 


Piperacillin-tazobactam 


This is a combination of piperacillin, an antipseudomonal peni- 
cillin, and tazobactam, a beta-lactamase inhibitor. Piperacillin- 
tazobactam is an intravenous antibiotic with a broad spectrum 
of activity against most Gram-negative uropathogens, including 
Pseudomonas species, and many Gram-positive and anaerobic bac- 
teria. MRSA is resistant to piperacillin-tazobactam and some bacte- 
ria produce beta-lactamases that are stable to tazobactam, resulting 
in piperacillin-tazobactam resistance. Piperacillin-tazobactam is 
used for the treatment of complicated UTIs and urosepsis. 


Oral cephalosporins 


Cephalosporins are beta-lactam antibiotics, classified into different 
generations according to their spectrum of activity. The oral cepha- 
losporins include cefalexin and cefradine, which are relatively nar- 
row spectrum first generation cephalosporins, and cefaclor, which 
is a second generation product. First and second generation cepha- 
losporins are active against S. aureus and susceptible strains of 
coliform organisms such as E. coli and Klebsiella pneumoniae, but 
MRSA and Pseudomonas species are resistant, as are many Proteus 
and Enterobacter species. Enterococci are intrinsically resistant. 

Oral cephalosporins are used for the treatment of uncompli- 
cated lower UTIs. Cephalosporins are safe to use in pregnancy 
and in children. There is a low incidence of cross-hypersensitivity 
with penicillins (0.5-6.5%);!! however, cephalosporin use should 
still be avoided in patients with a history of anaphylaxis, urti- 
caria, or immediate development of rash associated with penicillin 
treatment. 


Cefuroxime 


Cefuroxime is a second generation cephalosporin. It has the same 
basic structure and mechanism of action as the first generation 
cephalosporins but a broader spectrum of Gram-negative activity. 
Although it is stable to some beta-lactamases, cefuroxime is inacti- 
vated by ESBLs. It has no activity against enterococci, P aeruginosa, 
or many opportunistic pathogens such as Acinetobacter spe- 
cies. Cefuroxime is available in parenteral and oral formulations, 
although the latter is not well absorbed. 

Its uses include treatment of urosepsis and complicated UTIs 
including pyelonephritis, and is safe to use in children and preg- 
nancy.!! It may be used as prophylaxis for invasive urological pro- 
cedures such as transurethral resection of the prostate (TURP).”® 
The adverse drug reactions of cefuroxime are similar to those of 
other beta-lactams, however, cefuroxime is associated with a rela- 
tively high risk of C. difficile infection. Some centres minimize its 
use for this reason.? 


Ceftazidime 


Ceftazidime is an intravenous third generation cephalosporin. It 
has a broader spectrum of Gram-negative activity than cefuroxime, 
including good activity against P aeruginosa, but it is not stable to 
ESBL-producing bacteria which are becoming increasingly preva- 
lent. Unlike first and second generation cephalosporins, it does not 
provide good antistaphylococcal cover. 

In urology, ceftazidime should be restricted for the treatment 
of serious UTIs caused by pathogens resistant to first-line agents. 
It may be considered as prophylaxis for procedures such as TURP 
in areas with a high prevalence of coliform organisms resistant to 
first-line prophylactic agents.” Side effects of ceftazidime are similar 
to those of other cephalosporins, and include the risk of promoting 
C. difficile infection. Some hospitals therefore limit its use.° 


Carbapenems 


Carbapenems are broad-spectrum, bactericidal beta-lactams 
with good activity against the majority of Gram-positive and 
Gram-negative pathogens, including ESBL-producing bacteria 
and anaerobes. They are inactive against MRSA and destroyed by 
carbapenemase-producing bacteria. Carbapenems include ertape- 
nem, imipenem, meropenem, and doripenem. All except ertapenem 
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Fig. 1.2.5 Gram-stained preparation of a blood culture showing Gram-negative 
rods (x 1,000 magnification). This blood culture, which subsequently grew 
Escherichia coli (E. coli), was collected from a patient with urosepsis. 


are active against P aeruginosa. Ertapenem has a long half-life and 
is therefore suitable for once-daily dosing. Carbapenems are only 
available in parenteral formulations. 

As aresult of their broad spectrum of activity and stability against 
bacterial enzymes, carbapenems are indicated for the treatment of 
severe sepsis, including complicated UTIs, for polymicrobial infec- 
tions and for the treatment of infection caused by multiresistant 
bacteria, including ESBL producers (Fig. 1.2.5). 

There is a low incidence of cross-hypersensitivity with penicil- 
lins, so carbapenems should be avoided if the patient has a history 
of an immediate hypersensitivity-type reaction to penicillins."! 


Aztreonam 


Aztreonam is a monocyclic beta-lactam agent or monobactam. It 
inhibits bacterial cell wall synthesis and is bactericidal. Aztreonam 
is active against a range of Gram-negative bacteria but inhibited 
by some beta-lactamases including ESBLs and considered to have 
reduced activity against Pseudomonas. Gram-positive and anaero- 
bic bacteria are resistant. It is available only for parenteral admin- 
istration. Effective serum levels of aztreonam are achieved and the 
drug is widely distributed in body tissues and urine. 

Aztreonam can be used for the treatment of serious Gram- 
negative infections caused by sensitive pathogens. It is less likely 
than other beta-lactam agents to cause hypersensitivity reactions 
in patients with penicillin allergy and may therefore be used with 
caution.!! 


Aminoglycosides 


Gentamicin, tobramycin, and amikacin are bactericidal antibiotics 
that inhibit bacterial protein synthesis by binding to the 30S ribo- 
somal subunit. They have good activity against coliform organisms, 
Pseudomonas species, and staphylococci, but no activity against 
streptococci or anaerobes. Amikacin provides a broader spec- 
trum of Gram-negative activity than gentamicin or tobramycin. 
Aminoglycosides are not absorbed after oral administration and 
are usually given intravenously. 
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They are useful for treating complicated UTIs and urosepsis, 
including infections caused by P aeruginosa and coliform organ- 
isms that may be resistant to beta-lactam antibiotics. Single-dose 
aminoglycoside prophylaxis may be administered for urological 
procedures.’ The main adverse drug reactions are dose related. 
These agents are excreted in the urine; they may accumulate in 
renal tissue where, in high doses, they can cause acute tubular 
necrosis. 

Once-daily dosing of aminoglycosides reduces the risk of toxic- 
ity without reducing the therapeutic response for most infections.*® 
Renal function should be assessed prior to the administration of 
aminoglycosides and regularly during treatment. Therapeutic drug 
monitoring should be carried out because of the narrow therapeu- 
tic index.!! Aminoglycosides should be avoided in pregnancy and 
avoided or used with caution in patients with renal impairment.!! 
If possible, the concomitant use of other potentially nephrotoxic or 
ototoxic agents such as furosemide should be avoided and treat- 
ment courses should not exceed seven days. 


Glycopeptides 

The glycopeptides, vancomycin and teicoplanin, are bactericidal 
drugs that inhibit bacterial cell wall synthesis by binding to cell 
wall peptidoglycan precursors. They have a broad spectrum of 
Gram-positive activity covering staphylococci including MRSA, 
Clostridium difficile, and enterococci, although glycopeptide-resist- 
ant enterococci are now well recognized. Glycopeptides have no 
activity against Gram-negative uropathogens. These drugs are not 
absorbed by mouth and, for systemic use, intravenous administra- 
tion is required. 

The main use of glycopeptides in urology is for the treatment of 
serious infections caused by resistant Gram-positive bacteria such 
as MRSA and Enterococcus faecium, or as second-line Gram-posi- 
tive treatment for patients with penicillin allergy. Oral vancomycin 
is used for the treatment of recurrent or severe Clostridium difficile 
infection including pseudomembranous colitis. Intravenous vanco- 
mycin has a narrow therapeutic index and therapeutic drug moni- 
toring is used to monitor levels and guide dosing.!! Teicoplanin 
levels are not routinely measured but may be required in order to 
optimize treatment of certain severe infections. 


Ciprofloxacin 


Quinolones inhibit the bacterial enzyme DNA gyrase, which 
is involved in the folding of DNA during nucleic acid synthesis. 
Ciprofloxacin is the most commonly used fluoroquinolone; oral 
and intravenous preparations are available. In general, ciprofloxacin 
has reasonable activity against coliform organisms, P. aeruginosa, 
and many staphylococci, other than MRSA, although ciprofloxacin 
resistance in both community and hospital settings is an increasing 
problem. It has limited activity against streptococci and enterococci 
and most anaerobes are resistant. Oral ciprofloxacin is very well 
absorbed. Ciprofloxacin penetrates well into tissues including kid- 
ney and prostate, and achieves good urine levels in patients with 
normal renal function. 

In urology, ciprofloxacin is used to treat pyelonephritis, prostati- 
tis, epididymo-orchitis, and UTI caused by isolates resistant to first- 
line agents.”-!! It should be avoided in children and in pregnancy. 
Many centres now restrict the use of quinolones in order to mini- 
mize the risk of C. difficile infection. 


Colistimethate sodium (colistin) 


Colistin is active against a very wide range of Gram-negative bac- 
teria including P. aeruginosa and multiresistant isolates such as 
ESBL producers, Acinetobacter baumanii, and carbapenemase-pro- 
ducing Klebsiella species. It has no activity against Gram-positive 
pathogens. Oral colistin is not absorbed and remains in the bowel. 
Formulations are available for administration orally, intravenously, 
or by inhalation of a nebulized solution. 

The use of intravenous colistin is usually overseen by a medi- 
cal microbiologist or other infection specialist and is generally 
reserved for the treatment of serious Gram-negative infections 
resistant to other antimicrobial agents. Nebulized colistin may 
be used as adjunctive topical treatment for patients with cystic 
fibrosis? and oral colistin may be given as part of a bowel decon- 
tamination regimen in certain groups of patients in intensive care 
units.40 


Linezolid 


Linezolid acts by blocking the initiation of bacterial protein syn- 
thesis. It is active against a wide range of Gram-positive bacteria 
including MRSA and GRE, but has no useful Gram-negative activ- 
ity. Intravenous and oral preparations are available. It is very well 
absorbed orally, achieving good concentrations in tissue. 

In the United Kingdom, linezolid is licensed for the treatment 
of complicated skin and soft tissue infections and pneumonia.!! It 
achieves adequate levels in urine and may sometimes be consid- 
ered for the off-licence treatment of serious Gram-positive infec- 
tions, where the use of other agents has been precluded by allergy 
or multidrug resistance. 


Metronidazole 


Metronidazole is active against anaerobic bacteria and protozoa. 
It is metabolized by nitroreductase enzymes to form active com- 
pounds that cause DNA breakage. Oral, intravenous, rectal, and 
topical preparations are available. 

Metronidazole is used for the treatment and prophylaxis of 
anaerobic infections. In urological practice, it is used to provide 
anaerobic cover for invasive procedures where the colon may be 
breached, such as transrectal biopsy of the prostate, or cystectomy 
and bladder reconstruction.”* Oral metronidazole is the treatment 
of choice for CDI of mild or moderate severity.” 


Antifungal agents 


Fungal infections in urology 


Candiduria is usually seen in hospital settings where it may reflect 
contamination of the urine at collection or colonization ofa urinary 
catheter or stent (Fig. 1.2.6).41 Removal of predisposing factors, 
such as broad-spectrum antibiotics, urinary catheters, or stents will 
clear candiduria in almost 50% of asymptomatic patients and few 
patients require antifungal therapy. Candida species can, however, 
cause lower UTIs or even invasive upper tract infections, including 
pyelonephritis, perinephric abscess, and fungal balls.43-44 Infection 
is more common in people with diabetes, the immunosuppressed, 
and patients with indwelling catheters or stents. Candida albicans is 
the most frequently isolated species, but previous antifungal treat- 
ment and hospitalization may alter the spectrum of pathogenic 
yeasts and antifungal susceptibility.*° 


Fig. 1.2.6 Gram stain of Candida albicans isolated from a catheter sample of 
urine (x1,000 magnification). 


Antifungal agents 

There are four groups of systemic antifungal agent: 
1. Azoles 

2. Polyenes 

3. Echinocandins 


4. Flucytosine 


Azoles 


Azoles are fungicidal, blocking the synthesis of ergosterol, the main 
sterol in the fungal cell membrane. Fluconazole, itraconazole, vori- 
conazole, and posaconazole are triazoles. While most candida spe- 
cies are susceptible to fluconazole, some are intrinsically resistant 
and acquired resistance may arise following long-term exposure. 
Fluconazole is available as oral or intravenous preparations. It has 
high oral bioavailability and, unlike the other azoles, achieves good 
urinary concentrations.‘° Fluconazole may be used for the treat- 
ment of candidal cystitis, pyelonephritis, and candidaemia. Adverse 
effects of fluconazole include gastrointestinal upset, rash, and head- 
ache. Hepatotoxicity is more common in patients with pre-existing 
liver abnormalities. Fluconazole inhibits CY P450 isoenzymes in the 
liver leading to important interactions with some drugs, including 
warfarin, antiarrhythmics, and calcineurin inhibitors. The dose of 
fluconazole depends on the clinical indication, and requires adjust- 
ment in renal impairment.!! 


Polyenes 


Polyenes bind to ergosterol, the main sterol in the fungal cell mem- 
brane, causing increased permeability and cell death. Amphotericin 
B (AMB) has a narrow therapeutic index; liposomal preparations 
(L-AMB) including amphotericin B-lipid complex (ABLC) and lipo- 
somal amphotericin (Ambisome) are less nephrotoxic. Intravenous 
amphotericin is used to treat systemic fungal infections, usually 
under the direction of an infection specialist. It should be noted that 
liposomal preparations do not achieve therapeutic levels in urine. 
It has a broad spectrum of antifungal activity including Aspergillus 
fumigatus and most yeasts. Acquired resistance is rare. 
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Adverse effects include infusion reactions (headaches, fever, 
chills, myalgia), nephrotoxicity, and anaemia. Doses of liposomal 
amphotericin depend on the formulation chosen. If conventional 
amphotericin is used, a test dose of 1 mg is followed by a regimen 
of escalating doses up to a maximum of 1-1.5 mg/kg od by intra- 
venous infusion.!! Amphotericin should be used with caution in 
patients with renal impairment. 


Echinocandins 


These include caspofungin, anidulafungin, and micafungin. 
Echinocandins cause fungal lysis by inhibiting the synthesis of glu- 
can, a major component of the fungal cell wall. They are active against 
the majority of candida species, and acquired resistance is rare. 
Echinocandins may be used for the treatment of systemic candidal infec- 
tions, but therapeutic levels are not achieved in urine. Adverse effects 
include gastrointestinal disturbances, rash, flushing, hypokalaemia, and 
abnormal liver function tests. Echinocandins are given as intravenous 
infusions. Individual doses should be checked before prescription.!! 


Flucytosine 


Flucytosine is a pyrimidine analogue that inhibits fungal DNA syn- 
thesis. It is largely excreted unchanged in urine and is active against 
most yeasts. Flucytosine has a narrow therapeutic index, causing 
dose-related myelosuppression. It is usually prescribed under the 
direction of an infection expert and restricted for the treatment of 
severe life-threatening fungal infections, where it is given in combi- 
nation with other agents.!! Short course flucytosine monotherapy 
may occasionally be considered as treatment for intractable cystitis 
caused by yeasts resistant to other therapy.*® 
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CHAPTER 1.3 


Hospital-acquired urinary 
tract infection 


Roger Bayston 


Introduction to hospital-acquired urinary 
tract infection 


In the United States (USA), over 100,000 hospitalized patients 
suffer a catheter-associated urinary tract infection (CAUTI) 
each year, and many sources state that CAUTI is the common- 
est hospital-acquired infection, accounting for 40% of the total. 
The corresponding figure for the United Kingdom (UK) is 20% 
of hospital-acquired infections.” However, the distinction between 
catheter-associated asymptomatic bacteriuria (CAASB) and 
CAUTI is not consistently made, and the majority of these cases 
are asymptomatic. Guidelines on diagnosis and treatment of noso- 
comial urinary tract infections are available, and the principles 
of prevention of infection, including the role of antimicrobial 
catheters, have been evaluated. Progress is being driven by gov- 
ernments and health insurers which are reluctant to pay the extra 
costs associated with hospital-acquired infections that they con- 
sider preventable. 


Microbiology of urinary tract infection 


Uncomplicated urinary tract infection 


The spectrum of causative organisms differs in community- 
acquired or uncomplicated urinary tract infection (UTI), and 
complicated or catheter-related UTI. Most community-acquired 
UTI is caused by Escherichia coli, with approximately 10% of 
cases due to Staphylococcus saprophyticus.>-> Most community- 
acquired UTI occurs in women. In those infections acquired in 
hospital, both genders are affected and the bacterial spectrum is 
more varied. The normal habitat of E. coli is the large intestine, 
but the majority are not intestinal pathogens. Many strains of 
E. coli have an array of fine fibres, or fimbriae, on their surfaces, 
and these are important in attachment of the bacterial cells to 
various sites. Uropathogenic E. coli strains have specialized fim- 
briae, which are able to attach to uroepithelium and aid in col- 
onization of the urethra and bladder. E coli strains that do not 
possess uroepithelium-specific fimbriae are mainly associated 
with asymptomatic bacteriuria. Attachment of fimbriated E. coli 
provokes cytokine release and induces an inflammatory response. 
Recently, uropathogenic fimbriated E. coli strains have been 
shown to impair ureteric peristalsis, leading to reflux.® S. sapro- 
phyticus also possesses specific adhesins for uroepithelium, but it 
is also a strong urease producer, increasing urinary pH, and fur- 
ther hampering innate defences. 


Catheter-associated urinary tract infection 


Urinary catheter use changes the microbial spectrum considerably. 
In one study of short-term catheterization,” many infections were 
due to mixed organisms, with Pseudomonas aeruginosa, Klebsiella 
pneumoniae, and E. coli predominating, alone or together. In 
another study of short-term catheterization? 94% were due to sin- 
gle organisms, with E. coli and other enteric bacteria contributing 
42% and candida 31%. Candiduria has been associated clearly with 
antibiotic use.° For patients with long-term catheters, Proteus mira- 
bilis is more prominent, causing between 30% and 40% of infec- 
tions.!0!! A variety of Gram-positive bacteria, notably Enterococcus 
spp., make up 34% of the remainder. In recent years, enterococci 
have become a major nosocomial pathogen showing increasing 
resistance to antibiotics. Catheterization of the urinary tract has 
been shown to be the strongest risk factor for hospital-acquired 
UTI, with an estimated 80% reduction in numbers of UTI cases if 
catheterization were not performed.!* However, this is not always 
a realistic option. From the point of view of infection, the process 
of urethral catheterization can be considered in two groups: short- 
term and long-term use. The definition of short-term use varies in 
the literature, but is usually less than 28 days.!> Intermittent cath- 
eterization should also be considered, but this is often not feasible 
in hospital. Short-term catheters are widely used in hospitals as 
part of patient care around interventions, particularly those which 
are surgical. In arthroplasty, they are used mainly for postopera- 
tive urinary retention following epidural anaesthesia, and either 
indwelling or clean intermittent catheterization can be used.!4 
Long-term catheters are used when there is no alternative for the 
management of lower urinary tract dysfunction particularly in the 
elderly, in those with spinal injuries, especially where loss of upper 
limb function means that intermittent self-catheterization can- 
not be used, and after stroke. Though the introduction of closed 
systems has reduced the infection rate, over 50% of patients with 
long-term catheters will eventually develop an infection,!5 and all 
catheters will be colonized within one month!® with 50% colo- 
nized after five days.!” However, in most cases this is asymptomatic 
bacteriuria, although 20-30% of bacteriuric patients will go on to 
develop symptomatic CAUTI.!8 


Pathogenesis of catheter-associated 
urinary tract infection 


The catheter provides a conduit from the environment directly to the 
bladder, and the normal voiding pattern is converted to continual 
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drainage (unless a valve is used). In each case there is a column 
of urine in the catheter, and a pool of residual urine in the blad- 
der, providing ideal conditions for bacterial proliferation. Bacteria 
can be introduced into the bladder from the external meatus, or 
the gloved fingers of healthcare personnel when the catheter is 
inserted,!920 and while the catheter is in situ the risk continues. 
Bacteria can be introduced into the distal part of the catheter lumen 
either by sampling from a port, or during bag change. The bag itself 
also presents a large pool of potentially contaminated urine, and 
any repositioning of the bag to allow reflux into the catheter, for 
example when patients are moved from one site to another, must 
be avoided. Bacteria can also migrate in the catheter-urethral inter- 
face. Many enterobacteria are motile by means of whip-like flagella 
and can swim up the column of urine in the catheter to reach the 
bladder. However, any bacteria that can attach to a surface will 
spread over that surface by simple proliferation. Some bacteria such 
as Pseudomonas spp. and particularly Proteus spp. can move over 
both epithelial and catheter surfaces by swarming, forming rafts of 
cells and, for Proteus spp., increasing the production of urease.?!2? 
Urease hydrolyses urea to produce ammonia, which has important 
implications for uropathogenesis: it raises the pH of the urine to 
the nucleation point for phosphates of calcium, ammonium, and 
magnesium? causing crystallization in the bladder and in the cath- 
eter lumen; and the ammonium ion produced in close proximity 
to the uroepithelium causes an acute inflammatory response.*4 
In addition, CAUTI strains of P mirabilis produce a haemolysin, 
HpmA, that has been shown to be more cytotoxic than ammonia.*> 
The deposition of complex crystalline layers of struvite and apatite 
interspersed with Proteus bacilli and extracellular polymeric sub- 
stances produced by the bacteria constitutes a biofilm (Fig. 1.3.1). 
Urease and consequent high ammonia levels are localized within 
the biofilm, leading to continuing crystal deposition. 


Role of biofilms 


The bacteria in the biofilm also undergo metabolic change, down- 
regulating cell processes such as cell wall synthesis, protein syn- 
thesis, and DNA replication, and the cells enter a dormant phase. 
This reduces the effectiveness of commonly used antibiotics that 


Fig. 1.3.1 Crystals and bacteria in a biofilm from a blocked and encrusted 
silver hydrogel catheter. The culture grew a mixed population including 
Proteus mirabilis. 

Reproduced courtesy of Dr David Stickler, University of Cardiff, UK. 


target these processes such as beta-lactams, aminoglycosides, and 
quinolones. Antibiotic concentrations 500-1,000 times the mini- 
mum inhibitory concentration (that usually measured in the clini- 
cal laboratory) are required to eradicate the dormant bacteria, and 
even in urine these are usually not achievable. Biofilm formation by 
any CAUTI pathogen, but particularly by urease-producing bacte- 
ria, can be cleared only by catheter removal or change. 


Diagnosis of catheter-associated 
urinary tract infection 


Sampling of urine from the catheter in the absence of symptoms is 
a pointless waste of resources, except in pregnancy. Urine samples 
for culture and sensitivity should be taken immediately after cath- 
eter change, or by midstream urine sample if the catheter has been 
removed within the previous 48 hours. Pyuria in the absence of 
symptoms is not helpful in catheterized patients, even in the pres- 
ence of significant bacteriuria, unless signs and symptoms suggest 
UTI. A negative or insignificant semi-quantitative culture in the 
presence of symptoms is likely to be caused by antibiotic admin- 
istration, though less likely causes such as tuberculosis must not 
be forgotten. A significant culture in the absence of symptoms can 
be due to delay in transit of the sample to the laboratory, and this 
can also be responsible for reduction in neutrophil count. Pyuria 
in the absence of symptoms and with an insignificant culture may 
be found in catheterized patients due to irritation of the bladder 
mucosa by the catheter. Pyuria with CAASB should not be inter- 
preted as an indication for antimicrobial treatment. The absence 
of pyuria in a symptomatic patient suggests a diagnosis other than 
CAUTI. Therefore, any investigations must be driven by clinical 
indication or suspicion, rather than ‘routine’ collection. 


Catheter-associated asymptomatic 
bacteriuria and catheter-associated 
urinary tract infection 


Differentiation between symptomatic UTI (CAUTI) and asympto- 
matic bacteriuria (CAASB) in the catheterized patient is difficult, but 
the chief determinant should be the presence of urinary tract-related 
symptoms or signs of infection. These include suprapubic pain or 
discomfort, but these may be modified in patients with neurogenic 
bladder dysfunction. Fever >38°C is often cited as a positive sign*® 
yet one study found it to be an uncommon occurrence in elderly 
patients with catheters and significant bacteriuria, and it usually 
resolved within a few days without treatment.?” A new onset of fever, 
or persisting or worsening fever, is more reliable. Renal involvement 
will be suggested by fever, possibly other systemic symptoms such 
as malaise and confusion, loin (flank) pain or tenderness, or new 
haematuria. Once other causes have been excluded, the diagnosis of 
CAUTI may be supported by urine culture. New onset of confusion, 
loss of appetite, or behaviour change can also be due to a urinary 
tract infection in the elderly, even in the absence of fever.”® 


Treatment 
Treatment of hospital-acquired symptomatic 
urinary tract infection 


Bacteriuria in pregnancy is often asymptomatic, yet it presents a 
20-30 times greater risk of pyelonephritis and should be screened 
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for in early pregnancy and treated promptly.*?*° Infections are 
mainly due to E. coli. Amoxicillin or a cephalosporin, but not cip- 
rofloxacin, may be used. Nitrofurantoin can also be used but should 
not be given at or near term (neonatal haemolysis risk); trimeth- 
oprim is useful, but should be avoided in the first trimester. For 
treatment of pyelonephritis, a cephalosporin, ciprofloxacin, or gen- 
tamicin should be given intravenously until systemic signs resolve, 
with conversion to oral therapy as soon as possible and then con- 
tinued for 10-14 days.?9! For treatment of acute prostatitis, cipro- 
floxacin or trimethoprim should be given for 28 days.*! 


Treatment of catheter-associated urinary tract 
infection 


If CAUTI is suspected, the catheter should be changed, and a urine 
sample taken from the new catheter for antibiotic susceptibility 
testing before initiation of antibiotic treatment. The choice of treat- 
ment should be according to local guidance to maximize clearance 
of infection but minimize the risk of inducing multiresistance or 
Clostridium difficile overgrowth. If catheterization can be discon- 
tinued, a midstream urine sample should be obtained prior to anti- 
microbial therapy, to help guide treatment. Such infections often 
resolve spontaneously without treatment. A three-day course may 
be considered for women aged 265 years with CAUTI.!630-32 


Prevention of catheter-associated 
urinary tract infection 


Use of antibiotics 


Prophylactic antibiotics have been considered for catheter insertion 
to reduce CAUTI; at catheter removal or change, to reduce risk of 
bacteraemia; and during catheterization, again to reduce CAUTI. 
The European Association of Urology guidelines do not recom- 
mend antimicrobial prophylaxis for insertion of urinary catheters’? 
though if a symptomatic UTI is already present, then treatment for 
UTI should begin before catheterization.’ Many groups of patients 
undergoing surgical procedures and who are to be catheterized as 
part of the process of care will receive antibiotic prophylaxis for that 
procedure, and this has sometimes been associated with a reduction 
in UTI as an incidental finding.*# It is recommended that, where fea- 
sible, the urinary catheter should be inserted after intravenous anti- 
biotic prophylaxis for surgery has been given. There is no indication 
to continue surgical ‘prophylaxis’ for several days until the catheter 
is removed: the standard of care should be to remove the catheter 
within 24 hours. Antibiotic use during catheterization has been asso- 
ciated with candiduria® and use of ciprofloxacin at catheter removal 
has been shown to be ineffective and encourages development of 
resistance.*° Guidance from the UK National Institute for Health 
and Clinical Excellence (NICE)*° states that current evidence does 
not support administration of antibiotics at change of an indwell- 
ing catheter and calls for a randomized controlled trial to clarify the 
issue. Further NICE guidance?” states: ‘When changing catheters in 
patients with a long-term indwelling urinary catheter, do not offer 
antibiotic prophylaxis routinely [but] consider antibiotic prophylaxis 
for patients who havea history of symptomatic urinary tract infection 
after catheter change or experience trauma during catheterization: 
For patients with long-term catheters, change of catheters has not 
been found to give rise to significant risk in the absence of CAUTI. 
In one study of elderly patients,*® only 4.2% had bacteraemia after 
catheter change, and bacteria isolated from blood cultures (mainly 


coagulase-negative staphylococci) did not match those from the 
removed catheters. No patients experienced systemic infection. 


Guidelines and protocols 


Several guidelines have been published on the care of catheterized 
patients to minimize the risk of CAUTI. However, a survey carried 
out in 719 hospitals in the United States found that over half had no 
system for monitoring catheterized patients and three-quarters had 
no system of reminders or logs of duration of catheterization.*° The 
following are adapted from North American sources and from the 
European Guidelines:3239 


1. There should be written catheter care protocols, includ- 
ing prompts for catheter removal when no longer needed. 
Institutions should educate staff about catheter management 
and indications for catheterization. Practice should be regularly 
audited. Regular feedback of audit data to all staff closes the 
audit cycle and reinforces compliance. 


2. The use of catheterization and its duration should be reduced to 
a minimum. 


3. Long-term indwelling catheters must be changed if there is any 
evidence of infection or blockage. Though there is no evidence 
for timing of pre-emptive catheter change, in practice they are 
commonly changed after three months. 


4. Choice of catheter type should be made carefully, and indwell- 
ing catheters should be used only when necessary. They should 
not be used for the management of urinary incontinence unless 
all other avenues have been ineffective, or cannot be used in a 
particular case, such as cognitive impairment; clean intermit- 
tent catheterization should be considered when possible. 


5. Protocols on hand hygiene must be observed and fresh dispos- 
able gloves used for catheter insertion, removal, and sampling. 


6. Prior to insertion the meatus should be thoroughly cleaned 
with soap and water. Use of antiseptics for this purpose is not 
recommended. 


7. A closed catheter system should be used and it should remain 
closed. Urine samples should always be taken from the catheter 
port, which should be cleaned with an alcohol swab before use. 
All urine spills, however small, must be cleaned up as urine is 
an excellent growth medium for uropathogens. 


8. The drainage bag should be handled carefully, especially during 
ambulation or patient transfer, and must always be kept below 
the level of the bladder and the connecting tube. 


9. Daily toilet of the catheter site with antiseptics is not recom- 
mended; if there is obvious soiling, soap and water should be used. 


10. Prophylactic antibiotics should not be used at catheter inser- 
tion, change, or removal. 


11. Antimicrobial prophylaxis should not be used during short- 
term or long-term catheterization to prevent CAUTI, as 
evidence shows no benefit and indicates a risk of antibiotic 
resistance. 


12. In most cases, current guidelines do not support the use of anti- 
biotic prophylaxis for catheterized patients undergoing surgi- 
cal procedures or who have implanted devices, but specific and 
national guidelines should be consulted. 
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13. Antiseptics or antibiotics should not be added to the drainage 
bag as this brings no benefit and selects resistant uropathogens. 


14. Catheters should not be irrigated with saline or any other solu- 
tion to reduce CAUTI or CAASB. 


15. The duration of catheterization should be limited postopera- 
tively, and the use of clear protocols for catheter removal has 
reduced UTI. 


Antimicrobial urinary catheters 


Because of the widespread problem of bacteriuria associated with 
catheter use, and particularly because of encrustation, obstruc- 
tion, and CAUTI in long-term catheterization, attempts have been 
made to produce an antimicrobial urinary catheter that will sig- 
nificantly reduce these problems. The approaches have included 
surface modification to reduce bacterial adhesion, such as coat- 
ing with polytetrafluoroethylene (PTFE), antiseptic or antibiotic 
coating to kill attached bacteria (such as chlorhexidine or silver 
alloy), and impregnation of antimicrobials into the latex or sili- 
cone catheter material (such as silver and nitrofural). Conflicting 
results have been found in clinical studies, mainly due to trial 
design. A properly constructed randomized controlled trial of 
silver-coated catheters has been called for by numerous authors 
and health authorities. Recently such a trial has been published, 
comparing silver-coated and nitrofural-impregnated catheters 
with a control group consisting of PTFE-coated standard cath- 
eters, in over 6,000 patients with short-term catheters.*! There 
was no significant difference in outcome (symptoms and anti- 
biotic treatment for clinician-diagnosed UTI within six weeks of 
catheter insertion) between the silver alloy-coated catheters and 
the control, and though there was a slight, statistically significant 
reduction in CAASB and microbiologically proven CAUTI in the 
nitrofural group, these catheters were associated with increased 
discomfort and were not considered to be clinically beneficial. 
The authors were unable to recommend the use of either catheter 
for short-term use. There are currently no antimicrobial catheters 
offering reduction of CAUTI in long-term users. 


Conclusion 


While in many instances asymptomatic bacteriuria is benign and 
should not be treated, its occurrence in pregnancy is an exception. 
Symptomatic bacteriuria should be investigated and treated. Catheter 
use and duration should be kept to a minimum. Bacteriuria in cath- 
eterized patients should be treated only when symptomatic, and this 
should include catheter removal or change. Every healthcare organi- 
zation should adopt written standards for the management of patients 
with catheters including strategies to deal with catheter-associated 
bacteriuria and UTI. These should take into account published and 
updated local, national, and international guidance documents. 
Antimicrobial catheters have not been found to be beneficial. 
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CHAPTER 1.4 


Urinary tract infection 


Asymptomatic bacteriuria, cystitis, 
and pyelonephritis in adults 


Magnus Grabe and Bjorn Wullt 


Introduction to urinary tract infection 


Urinary tract infections (UTI) are among the most frequent infec- 
tions encountered in the community and hospital environments. 
Patients with urological anatomical or functional abnormalities 
are particularly at risk for UTI. This chapter aims to present basic 
information on epidemiology of bacteriuria and UTI, a current 
approach to classification and risk factor evaluation, diagnostic 
tools, and guidelines for the management of different forms of UTI 
encountered in the general and urological populations. 


Epidemiology of bacteriuria and urinary 
tract infection 


Bacteriuria is present in up to 4-5% of the general population. 1? 
The prevalence is 1-3% in school-age girls but much lower in boys. 
The incidence of asymptomatic bateriuria (ABU) and symptomatic 
UTI increases in young women following the onset of sexual activ- 
ity. The prevalence of bacteriuria increases further after the meno- 
pause, being between 5-20% in healthy women aged 65-70 years 
and almost 50% of all women in elderly care homes.*-> Almost one 
in two women will have at least one UTI during their lifetime, and 
more than one-third of all women will experience a UTI before the 
age of 24 years, with a substantial number of these experiencing 
recurrent infections.! 

Bacteriuria and UTI are uncommon in men up to the age of 
50 years. The incidence progressively increases with ageing asso- 
ciated with prostatic enlargement, and other age-related causes 
of lower urinary tract dysfunction.! Younger men on the other 
hand occasionally suffer from bacterial prostatitis, a condition less 
frequent than UTI in women, but presenting with similar symp- 
toms.” Patients with urological diseases often have complicated 
UTI with underlying risk factors. Urological surgery is associated 
with the risk of infectious complications and healthcare-associated 
infections (HAI) are observed in approximately 10% of hospitalized 
patients in urological wards.® 


Pathogenesis and pathogens 


Pathogenesis 

In healthy individuals the urinary tract is generally considered 
to be sterile or with very low bacterial counts. Pathogens causing 
UTI mostly originate from the patient’s own colonic flora, and 


predominantly reach the urinary tract by ascending through the 
urethra.? Once the bladder is colonized, the balance between host 
response and bacterial virulence factors decides the outcome: an 
acute symptomatic infection of varying severity and localization, or 
an asymptomatic bacteriuric state (Fig. 1.4.1).!° Importantly, ana- 
tomical and functional urinary tract dysfunctions alter susceptibil- 
ity to UTI. Females of all ages are more prone to UTIs than males, 
probably due to their shorter urethra and its close proximity to the 
vagina and perianal region. Any anatomical or functional reason 
that impedes normal outflow of urine and subsequently the phys- 
ical clearing of bacteria increases the risk of UTI, and makes symp- 
tomatic infection with less virulent organisms more likely. Severely 
immunocompromised individuals may get symptomatic infections 
from normally non-pathogenic strains.!! 

Escherichia coli (E. coli) is the most commonly isolated uropatho- 
gen. Virulence factors are encoded by genes clustered on so-called 
‘pathogenicity islands’ (PAI),!* which include adherence factors 
mediated by fimbriae and iron-uptake mechanisms. ‘The virulence 
factors work collectively and may be activated or deactivated during 
the course of infection. Fimbriae are hair-like organelles expressed 
on the bacterial surface, that mediate adherence to urothelial cells. 
P-fimbriae have been shown to be an important virulence factor 
in pyelonephritis. Type I fimbriae are encoded by virtually all E. 
coli isolates regardless of origin or site of infection and have been 
proposed as a virulence factor in simple cystitis, but their definitive 
role in human UTI remains to be defined.!3 Recent experimental 
data has suggested that E. coli during the course of infection pene- 
trate into the urothelium to form intracellular bacterial communi- 
ties, explaining episodes of relapses in recurrent UTI.!4 However, 
this concept has not convincingly been demonstrated in human 
UTI in vivo. Biofilm formation, an important bacterial surviving 
factor in infections involving foreign bodies, may also play a role 
in human UTI.!5 

The host defence in human UTI is predominantly reliant on innate 
immune mechanisms. Although specific immune responses with 
up-regulation of T and B cells and secretion of immunoglobulins 
do occur, they are not crucial for clearance of the acute infection. 
The most important cell-surface receptors for triggering an innate 
immune response are members of the Toll-like receptor family. 
TLR4 is expressed on uroepithelial surfaces and recognize patho- 
gen-associated molecular patterns specifically on Gram-negative 
bacteria, such as lipopolysaccharide. In pyelonephritis, the TLR4 


ABU Cystitis Pyelonephritis 


Discrete pyuria Significant 


Significant 
v and IL-8 pyuria and IL-8 pyuria and IL-8 
£ No IL-6 i : e 
£ Discrete IL-6 Significant IL-6 
E 
= 
T 
E = 
= 
a 
Q 
e 
=) 
z T 3 
a : 7 Systemic inflammation 
a) No systemic No systemic . : 
Ea a : an ‘ Highly increased levels of 
inflammation inflammation Neutrophils, IL-8, and IL-6 
Increased CRP 
A 
E. coli activation of TLR4 
P-fimbrie Type 1 
mediated mediated 
pathway pathway 
Ae I 
s P-fimbrie s Type 1 
S recptor | | recptor 


Uro-epitheliial cell 


Fig. 1.4.1 Schematic figure outlining bacterial challenge and activation of the host response in urinary tract infections. (A) In ABU there is no or inefficient activation of 
the uroepithelium. In symptomatic UTI - cystitis and pyelonephritis - bacterial contact with the uroepithelium is mediated by P or Type 1 fimbriae and its receptors on the 
uroepithelium. Toll-like receptor 4 (TLR4) recognizes the Gram-negative uropathogens, the uroepithelial cell is activated and inflammatory mediators (IL-6 and IL-8) are 
produced. (B) In recurrent cystitis, intracellular bacterial fabrics have been suggested. (C) Activated neutrophils express the IL-8 receptor (CXCR1) and transmigrate through 
the tissue following the concentration gradient of IL-8, to the place of infection. 

Reproduced from Béla Köves and Björn Wullt, ‘The Roles of the Host and the Pathogens in Urinary Tract Infections’ European Urology Supplements, Volume 15, Issue 4, pp. 88-94, 

Copyright © 2016, with permission from Elsevier. 


Table 1.4.1 The most frequently isolated urinary pathogens and their 


associated clinical presentation. The individual patient characteristics 
and results for any previous urine culture are important in predicting 


potential pathogens to guide empirical antibiotic treatment before the 
results of urine culture are available 


Uropathogen 


Association 


Gram-negative strains 


Escherichia coli 


Most frequent organism in 
UTI (species consist of many 
different clones with varying 
pathogenicity/virulence) 


Asymptomatic bacteriuria 


Uncomplicated cystitis and 
pyelonephritis in women and 
children 


Proteus mirabilis 


nfective renal stone formation 


Klebsiella, Enterobacter, Serratia, 
Citrobacter, Pseudomonas 


Complicated UTI 


Healthcare-associated infection 


Bacteriuria or UTI associated 
with catheters, stents and 
nephrostomy tubes, and 
immunocompromised patients 


Gram-positive strains 


Staphylococcus saprophyticus 


UTI in sexually active women 


Staphylococcus epidermidis 


Bacteriuria/UTI associated 
with catheters, stents, and 
nephrostomy tubes 


Group B Streptococcus (GBS) 


Occasionally transient ABU/ 
contamination 


Enterococcus faecalis 


Occasionally transient ABU 


Occasionally causes UTI and 
febrile UTI (5%) 
Bacteriuria/UTI associated 
with catheters, stents, and 
nephrostomy tubes 


Kidney transplant patients 


Enterococcus faecium 


Bacteriuria/UTI associated 
with catheters, stents, and 
nephrostomy tubes 


Complicated UTI/patients with 
risk factors 


Mycobacterium spp. 


Mycobacterium tuberculosis See 
Chapter 1.6 


Renal and urogenital 
tuberculosis 


Acquired immunodeficiency 
syndrome (AIDS) 


Fungi 


Candida sp. 


Prolonged antibiotic treatment 


Immunocompromised 
patients 


Critically ill patients 


Patients with diabetes 
mellitus 
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mediated cell activation is strongly enhanced by the added effect of 
P-fimbriae mediated adherence. In the presence of the co-receptor 
CD14, TLR4 is activated by lipopolysaccharides (LPS) expressed 
on the cell surface of Gram-negative bacteriae. In the urinary tract, 
however, type I and P-fimbriae activates TLR4 due to lack of the 
co-receptor, and this allows the host to fine-tune the response to 
the particular strain.!© After TLR4 activation, the uroepithelial cell 
secretes cytokines such as interleukin 6 (IL-6) and interleukin 8 (IL- 
8). IL-6 is an inflammatory acute phase reactant and IL-8 is a potent 
chemoattractant, which recruits neutrophils into the urinary tract 
tissue. The neutrophil migration in the tissue depends upon the IL8 
receptor (CXCR1), which directs the neutrophils towards the IL-8 
concentration gradient. The infecting microbes can then be phago- 
cytized at the site of invasion (Fig. 1.4.1).!7 

In clinical practice, it is frequently observed that individuals with 
or without other urinary tract dysfunctions differ in their susceptibil- 
ity to symptomatic UTI. Recent research indicates that genetic poly- 
morphisms may play a role in individual susceptibility to UTI. TLR4 
gene polymorphism, for example, may increase the risk of develop- 
ment of ABU,!8 and CXCRI1 polymorphism may partly explain why 
some individuals suffer recurrent pyelonephritis and are at risk for 
renal scarring.!? We also know that the magnitude of host response 
to ABU varies between individuals, probably due to individual vari- 
ation in TLR4 function.” Historically, UTI research has focused on 
the role of bacterial virulence. In the future, we will probably see 
more research on the variability of host defences between individu- 
als linked to genetic differences and this is covered in greater detail 
in the chapter about pathogenesis (see Chapter 1.1).7! 


Pathogens 


Table 1.4.1 lists the most frequently encountered urinary tract 
pathogens.?>?3 Primary uropathogens are microorganisms with a 
proven independent capacity to cause UTI and are typified by E. 
coli, which causes the majority of UTIs, and is also the model organ- 
ism in UTI research. Among Gram-positive cocci, Enterococcus 
faecalis is the most common cause of UTI. Staphylococcus saproph- 
ticus is seen frequently in sporadic infections in women of fertile 
age but rarely in infections in postmenopausal women. Secondary 
uropathogens are more likely to be found in complicated infec- 
tions and in urological patients requiring hospitalization, and 
are frequently components of polymicrobial infections. In recent 
prevalence studies predominantly involving European urology 
departments, E. coli was found to be the causative organism in 35- 
60% of patients, while other opportunistic species were identified 
in proportionally higher frequencies. Fungal infections are also 
regularly found in hospitalized patients, mainly Candida species. 
Mycobacterium tuberculosis, as described in Chapter 1.1, causes 
chronic infection of the kidneys and may affect the bladder and 
male genital organs. 

UTI is generally an example of strict monocolonization, but spor- 
adically two strains may be isolated such as Enterococcus faecalis 
and a Gram-negative uropathogen. More than two strains are con- 
sidered an external contamination and a repeat culture is usually 
recommended. However, in patients with an indwelling catheter, a 
complicated urological condition, or a colovesical fistula, multiple 
strains may reflect true colonization or recurrent infections. 

In recent years, organisms resistant to several standard antibiot- 
ics used in the urinary tract have spread worldwide at an alarm- 
ing pace. This is particularly true for the extended spectrum 
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Table 1.4.2 Classification of urinary tract infections (UTI) in relation to anatomical location and presence of risk factors 


Risk factor Organ/space Type of infection Symptoms 
Uncomplicated UTI Urine Asymptomatic bacteriuria (Location: lower UT) None 
No identified risk factor Urinary bladder Cystitis (acute, sporadic) Dysuria, frequency, urgency, bladder tenderness/pain 
Cystitis (recurrent) 
idney Acute pyelonephritis Abdominal or flank pain, fever, nausea or vomiting, 
with or without symptoms of cystitis 

Complicated UTI Urinary bladder Cystitis (recurrent with risk factors) Dysuria, frequency, urgency, bladder tenderness/pain 
Presence of one or more Specific infection such as tuberculosis, schistosomiasis 
risk factor (see Table 

Upper urinary tract Asymptomatic bacteriuria (Location: upper UT) None 


1.43) 


Febrile UTI 


SIRS,! fever, systemic illness with or without other 
symptoms from the urinary tract/abdomen 


Kidney 


Acute pyelonephritis 

Chronic pyelonephritis 
Abscess of the kidney 
Emphysematous pyelonephritis 


Xanthogranulomatous pyelonephritis 


Abdominal or flank pain, systemic illness, fever, 
nausea, or vomiting 


Renal tuberculosis (See chapter 1.6) 


Variable, insidious 


Retroperitoneal 
space 


Perinephric abscess 


Blood stream Sepsis (urosepsis) 


SIRS, systemic symptoms with or without circulatory 
or organ failure 


Male accessory gland Prostate 


infection (interact in 


Acute bacterial prostatitis 


Abscess of the prostate 


Lower abdominal pain, fever, painful prostate, risk for 
urinary retention 


male complicated UTI) 
Chronic bacterial prostatitis 


Variable 


ISystemic inflammatory response syndrome. 


UT = urinary tract. 


Source: data from Bjerklund-Johansen TE et al., ‘Critical review of current definitions of urinary tract infections and proposal of an EAU/ESIU classification system, International Journal of 
Antimicrobial Agents, Volume 38, Supplement, pp. 64-70, Copyright © 2011 Elsevier B.V. and the International Society of Chemotherapy; and European Association of Urology, ‘Urological 


Infections, in Guidelines of the European Association of Urology 2015, Copyright © 2015 EAU. 


beta-lactamase (ESBL)-producing Enterobacteriaceae such as 
E.coli and Klebsiella spp. The plasmid-bound ESBL has developed 
into a subgroup of enzymes with resistance to different antibiotics, 
including carbapenem (ESBL,.,,1,,)-74 


Classification of urinary tract infection 
and terminology 


There is no universally accepted classification of UTI. The United States- 
based Centers for Disease Control and Prevention (CDC) classifica- 
tion is the most often used.” Traditionally, UTI have been separated in 
uncomplicated and complicated UTI, complicated indicating the pres- 
ence of an anatomical or functional urinary tract anomaly. UTI have also 
been divided into upper UTI, when the infection involves the kidney and 
the ureter, and lower UTI, when located in the bladder or urethra.” 

Table 1.4.2 illustrates a practical classification of UTI combining the 
anatomical location, general terminology, and the range of symptoms 
associated with different types of UTI (phenotype). The European 
Association of Urology (EAU) working group on urological infec- 
tions has suggested a slightly different approach to the classification 
focusing on infections of the urinary tract in a urological perspective 
combining four different aspects of the infection.?”78 


1. Site of the infection: the bladder (cystitis), the kidney (pyeloneph- 
ritis), the blood stream (sepsis), or unspecified. In urology prac- 
tice, patients often present with high fever and the presence of 
inflammatory parameters without distinct clinical signs of pyelo- 
nephritis, often referred to as a febrile UTI. 


2. Assessment of infection severity (Fig.1.4.2): UTI can be seen as 
a continuum from harmless asymptomatic bacteriuria (ABU) 
to sepsis with organ failure; the patient’s condition can switch 
from the least severe to the most severe within a short period 
of time. 


3. The presence of risk factors for UTI (Table 1.4.3). 


4. Pathogen identification by urine and/or blood culture and its 
sensitivity to urinary tract antibiotics (Table 1.4.1). 


All the information can then be combined into a defined phenotype 
characterizing the infectious condition.?” 


Other terms 


A clinical problem specific to males is differentiating infections of 
the lower urinary tract and inflammation/infection of the prostate 
as symptoms overlap (see Chapter 1.6). 


Symptoms 
(Table 1.4.2) 


Anatomical location (Table 1.4.2) 
ABU - Cystitis — Pyelonephritis — Systemic/sepsis 


Investigation and risk factor evaluation 
(Table 1.4.3) 


+ 


Expected pathogen until proven by culture 
(Table 1.4.1) 


l 


Treatment options medical (Table 1.4.5) and 
surgical 


Fig. 1.4.2 The assessment of each individual infection is based on the 
combination of (i) the symptoms and anatomical localization; (ii) the degree of 
severity (the patient's general condition); (iii) the evaluation of possible underlying 
risk factors; and (iv) the expected uropathogen. This assessment is the basis for 
initiating an empirical antibiotic treatment, supportive treatment, and the need 
for surgical drainage. 


Asymptomatic bacteriuria (ABU) is the microbiologic finding 
of the presence of bacteria >10° cfu/mL in two different samples 
together with the absence of clinical signs or symptoms referable to 
the urinary tract. 

When a kidney infection is combined with obstruction, infected 
urine stagnates within the renal pelvis creating a pyonephrosis and 
in rare cases emphysematous pyelonephritis. This is a highly dan- 
gerous condition that easily can turn into urosepsis with associated 
systemic disturbance of vital organ perfusion. In some instances, a 
renal abscess can develop within the kidney. Infected material can 
also leak outside the kidney, into the confined perirenal space, lead- 
ing to a perinephric abscess (see Chapter 1.5). 

Chronic pyelonephritis is a persistent destructive inflammation of 
the renal parenchyma leading to scars and kidney function loss, 
and is usually due to stone disease in deformed areas of the kid- 
ney. This is in distinction to reflux nephropathy, which is a gener- 
ally stable state of renal scarring resulting from childhood reflux. 
In rare cases, chronic inflammation of the kidney can progress to 
xanthogranulomatous pyelonephritis. 

A healthcare-associated infection is an infection arising in asso- 
ciation with healthcare provision in a person without identified 
infection prior to an intervention. For UTI, this most commonly is 
associated with an indwelling urinary catheter (see Chapter 1.6).8 

Tuberculosis of the urinary tract, although not frequent, must be 
recognized. It is a chronic inflammation with progressive destruc- 
tion of the kidney, ureteral inflammation and cystitis, and can estab- 
lish in the male genital organs (see Chapter 1.6). Schistosomiasis of 
the urinary bladder creates an inflammation of the urinary bladder 
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Table 1.4.3 Risk factors for UTI grouped according to anatomical 
and functional abnormalities of the urinary tract 


Risk factor 


Examples 


Gender, genetic, and 
hereditary 


Family history of UTI 


Female gender 


Inborn anatomical 
abnormality 


Vesicoureteral reflux 

Stricture of the pelvoureteric junction 
Other strictures of the urinary tract 
Urethra valves 


Congenital neurological disease 


Acquired obstruction of 
the lower urinary tract 


Benign prostate enlargement 
Residual urine 

Bladder stone 

Bladder tumour 


Stricture of the urethra 


Acquired obstruction of 
the upper urinary tract 


Kidney and ureteric stone 
Ureteric tumour 
Stricture of the ureter 


External compression of the ureter (tumour, 
inflammation) 


Retroperitoneal fibrosis, previous radiotherapy 


Kidney disease 


Anatomic abnormality of the kidney (inherited) 
Polycystic kidney 
Renal insufficiency 


Kidney transplant 


Concomitant diseases 


Diabetes mellitus 


Dysfunction of immune system (natural, 
induced) 


Steroid treatment 
Connective tissue disorders 
Circulatory insufficiency 


Inflammatory disease of the bladder 


Spinal cord lesion 


Other neurological or 
functional dysfunction 


Residual urine 
Neurological bladder dysfunction 
Neuromuscular dysfunction of the bladder 


Incontinence 


Catheter treatment 


Indwelling urinary catheter 
Ureteric stent (i.e. double pig tail stent) 
Nephrostomy tube 


Urological surgery 


Asymptomatic bacteriuria prior to or at surgery 
Retrograde endoscopic access to urinary tract 


Surgery with open urinary tract and/or bowel 
(i.e. clean-contaminated and contaminated 
procedures) 


Physiological conditions 


Pregnancy 


Postmenopausal oestrogen deficiency 


Ageing 
Behaviour Sexual activity 
Others Intensive care treatment 


Long hospital stay 
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and the ureter, and subsequent fibrosis with formation of scars and 
strictures. 


Risk factors for urinary tract infection 


There are a number of factors that increase risk of UTI for an 
individual from the baseline of spontaneous occurrence. Risk fac- 
tors can be quantified by the probability that an event occurs in 
an exposed group compared with an unexposed group. For UTI, 
they range from genetic and gender-related factors to complicated 
combinations of medical, functional, and anatomical states. Their 
identification is essential for the best care of people with UTI and 
particularly for those undergoing urological surgery.”? 


General risk factors 


General risk factors include older age, anatomical abnormalities, 
poor nutritional status, smoking, altered immune response, diabe- 
tes mellitus, long preoperative hospital stay, and coexistent infec- 
tion at a remote site. 


Specific risk factors 


Conventional UTI risk factors are listed in Table 1.4.3. An alter- 
native grouping of the different risk factors under the acronym 
ORENUC (O = none, R = recurrent UTI, E = extra-urogenital, 
N = nephropathic, U = urological, and C = catheter present) based 
on the underlying location and mechanism has recently been 
proposed.?” 

Bacteriuria and a previous history of urogenital infection are two 
critical risk factors for infectious complications related to surgery; 
where possible, bacteriuria should be controlled or eradicated prior 
to urologic instrumentation. 


Diagnosis of urinary tract infection 


Symptoms of UTI are due to the inflammatory response within 
the target tissue. The most frequently encountered symptoms are 
presented in Table 1.4.2. It is generally recognized that a UTI is 
confirmed when at least one of the main symptoms is followed by 
a urine culture showing bacterial growth of 210° cfu/mL of a sin- 
gle organism.*° This threshold potentially misses lower, but clini- 
cally relevant bacterial counts (see below and Table 1.4.4). It will 
therefore sometimes be appropriate to make a clinical diagnosis 
of UTI based on a combination of symptoms and sound clinical 
judgement. 


Urine analysis 


Urine sample collection 

To avoid contamination, the urine has traditionally been collected 
after cleaning of the vulva and the external urethral opening (mea- 
tus) in the anterior to posterior direction and caught midstream, 
avoiding any contact with the surrounding skin. Although some 
studies have shown that the cleaning might not be necessary, the 
‘clean catch’ technique remains recommended.?! 


Urine reagent strip test 

The reagent strip (‘dipstick’) is a useful test in diagnosing UTI prior 
to culture. Combining a detection of nitrite test (refecting bacte- 
rial conversion of nitrate to nitrite) and of leucocyte esterase as a 
marker of pyuria, dipstick urinalysis has moderate sensitivity, but 


high specificity. The dipstick test may be negative with non-nitrate- 
reducing pathogens such as Enterococci and S. saprophyticus, or if 
the bacterial count is low. Despite these false negatives, use of dip- 
stick urinalysis is widespread in clinical practice and can be useful 
to guide initiation of treatment and requirement for urine culture. 


Urine culture 
Microbiological culture of a urine specimen with antibiotic sen- 
sitivity testing remains the most valid diagnostic determinant of 
UTI. It establishes pathogen identity and guides choice of adequate 
antibiotic treatment. Colony forming units (cfu) indicates the bacte- 
rial load per millilitre (mL) or litre (L), and bacterial concentration 
is most often reported in cfu/mL. A colony count of 10° cfu/mL 
(108 cfu/L) or more remains the most often used threshold value for 
significant bacteriuria, while 104 to 10° cfu/mL represents a moder- 
ate growth, and below 104 cfu/mL, a low growth. However, women 
with acute uncomplicated cystitis may have symptomatic infection 
with colony counts in the range from 10 to 10° cfu/mL. Generally 
accepted colony counts for different variations of UTI are given in 
Table 1.4.4.3° 

Performance of a urine culture is recommended for patients with: 


+ suspected acute pyelonephritis; 

+ suspected complicated (febrile or not) UTI; 

+ suspected urosepsis (include blood culture); 

+ suspected UTI in males; 

+ ABU and suspected UTI in pregnancy; 

+ recurrent infection symptoms after antibiotic treatment; 
+ atypical symptoms or unclear diagnosis; 


+ prior to urological surgery. 


Blood analysis 


The serum concentration of the biomarker for inflammation, C- 
reactive protein (CRP), and the leucocyte count in peripheral blood 
are the most important markers of systemic inflammation in UTI. 
Serum creatinine will give a hint of acute deterioration in renal 
function. These parameters will remain at normal baseline levels in 
lower afebrile UTI, while CRP elevation and leucocytosis are essen- 
tial diagnostic signs of febrile UTI, pyelonephritis, and urosepsis. 
Elevation of CRP may take up to 24 hours to develop fully, in con- 
trast to the more immediate rise in leucocyte count. 

A carefully taken blood culture avoiding skin organism con- 
tamination should be considered at the same time as urine culture, 
immediately prior to antibiotic administration, in the case of severe 
systemic symptoms. 


Further investigations 


It is generally recommended that all patients with complicated UTI 
should have a negative urine culture confirmed after treatment 
and, if appropriate, their renal function checked. In patients with 
febrile UTI or pyelonephritis, a renal ultrasound scan should be 
performed with further imaging if the ultrasound is abnormal. In 
older men with UTI, urinary flow rate and residual urine volume 
should be measured. Rapid investigation to detect impaired uri- 
nary tract drainage should be performed in patients who do not 
promptly improve on adequate treatment, but can otherwise be 
planned and performed during outpatient follow-up. For otherwise 


Table 1.4.4 Bacterial count thresholds for the diagnosis of UTI 

in relation to the mode of collection of the specimen and the type 
of infection. This quantitative criterion is valid when one organism is 
isolated. When a Gram-positive strain or several strains are reported, 
contamination of the sample should be considered 


Type of infection Colony forming units cfu/mL 


Specimen collection 


Usual diagnostic criteria for UTI >10° 

Specimen collected by cleaninand 210? 

out catheter 

Specimen collected with external 210° 

condom 

Specimen collected by suprapubic Any 

aspiration 

Chronic indwelling catheter >10° 

Type of infection 

Asymptomatic bacteriuria— >10° (two separate samples) 


women (persistent) 


IV 


Asymptomatic bacteriuria—male 0° (gram-negtive strains) 


(persistent) No recommendations (Gram-positive 


strains) 


Sporadic uncomplicated cystitis in 210? 


women 
Acute uncomplicated >10° (>104 observed in 5-10% of cases) 
pyelonephritis 

Symptomatic UTI in male 210? 

Spinal cord injury (specimen 210? 


collected by clean intermittent 
catheterization) 


No recommendations but 2103 is 
reasonably relevant as persistent 
bacteriuria and clinical UTI 


Urinary diversion 


Source: data from Nicolle LE, ‘The quantitative urine culture for the diagnosis of urinary 
tract infection, in Naber KG et al. (Eds.), Urogenital Infections, European Association of 
Urology and International Consultations on Urological Diseases, Copyright © 2010. 


healthy younger women with an isolated episode of pyelonephritis 
and normal renal function, only a post-treatment negative urine 
culture is needed. In the case of recurrence or if Proteus sp. are 
isolated, then renal ultrasound is required to detect urinary tract 
calculi or dilatation. Further investigation is not necessary for spo- 
radic cystitis. 


Management of urinary tract infection 
The aims for the management of UTI are:3? 

+ effective clinical and antimicrobial treatment; 

+ prevention of recurrence; 


+ minimization of risk of development of resistant organisms. 


Asymptomatic bacteriuria 


Previously, ABU was considered part of the UTI spectrum. Recent 
knowledge suggests that ABU should be considered as a commensal 
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colonization of the urinary tract, that might even be beneficial for 
the host by preventing symptomatic infection by more virulent 
strains.433 It has even been shown that treatment of ABU in adult 
females results in a higher risk of symptomatic recurrence.*4 ABU 
prevalence increases with age in women and men presumably as a 
consequence of the anatomical, hormonal, and functional changes 
of normal ageing and is more likely to become persistent. 

Most guidance recommends no treatment for ABU and avoid- 
ance of use of antibiotics for recurrence prevention.783536 Two 
exceptions are pregnant women and patients who are due to 
undergo urological surgery. Evidence is poor for patients undergo- 
ing surgical implant insertion. 


Acute sporadic uncomplicated cystitis 


Acute sporadic uncomplicated cystitis, predominately affecting 
women, is the most common form of UTI. It is more common 
among women with a family history of UTI and following the onset 
of sexual activity or change of sexual partner (‘honeymoon cystitis’). 
The natural history is a self-limiting infection that can resolve spon- 
taneously—in some cases within one week?”—as well as persist and 
in rare cases progress into an acute episode of pyelonephritis. E. coli 
is the predominant causative pathogen (>75%), with S. saprophyti- 
cus second (5-10%).?%3 Other pathogens are uncommon. 

The resultant lower urinary tract symptoms are frequency, 
urgency, dysuria (pain or discomfort passing urine), suprapubic 
tenderness or pain, urine odour, and occasionally cloudy urine 
and visible haematuria (Table 1.4.2). Urine analysis usually shows 
positive nitrite test, leucocyte esterase, and presence of blood cells. 
There is no requirement for urine culture, although it will be help- 
ful to establish pathogen sensitivity and provide local bacterial 
ecology information for public health purposes. 

A short antibiotic course is usually effective for symptom reso- 
lution and clearance of the pathogen (Table 1.4.5). Guidance rec- 
ommends avoidance of the use of broad-spectrum antibiotics such 
as cephalosporins and fluoroquinolones due to increasing com- 
munity E. coli resistance levels and overgrowth of gut Clostridium 
difficile.?®6 

Acute cystitis is uncommon in males. It may also be difficult to 
differentiate from inflammation of the prostate (see Chapter 1.7) 
as the symptoms are similar and a raised prostate-specific antigen 
(PSA) commonly occurs. A urine culture is recommended in 
males, as well as a careful history of urogenital infections. 


Recurrent acute cystitis 


Recurrent acute cystitis is common following the initial episode and 
may severely affect a women’s quality of life.38 It is usually defined 
as three or more UTIs per year, or at least two in a six-month 
period. Recurrent UTIs (rUTI) are caused by the re-emergence of 
the same organism (persistent pathogen) or re-infection by a new 
strain (recurrent ascending colonization from the bowel flora). 

Recurrence is often seen in women with otherwise normal 
anatomic and functional urinary tracts, but risk factors such as a 
maternal history of UTI, onset of sexual activity, postmenopausal 
status, and diabetes may be present. Use of contraceptive pessaries 
and spermicides, low fluid intake, and infrequent, incomplete blad- 
der emptying are also considered as risk factors. 

Urine culture should be repeated regularly to determine the pattern 
of bacterial strains and antibiotic sensitivities. If recurrences are fre- 
quent and bothersome, and particularly where risk factors for more 
health-threatening disease are present such as visible haematuria or 


37 


SECTION 1 INFLAMMATION 


Table 1.4.5 Most frequent bacterial strains, recommended antibiotics, and treatment regimens for most standard types of UTI 


Type of UTI Pathogens Antibiotics Treatment length (days) Remarks 

Uncomplicated UTI 

Asymptomatic E. coli According to susceptibility No No treatment in general 

bacteriuria (lower UT) Others spp. (rare) Individualized when Two main exceptions: pregnancy and 

required prior to urological surgery 

Acute sporadic cystitisin E. coli (75-80%) Pivmecillinam 3-5) Urine culture not necessary 

women Proteus (<5%) Nitrofurantoin Avoid fluoroquinolones and third 
Klebsiella (<5%) Cephalosporin (oral) generation cephalosporins 
S. saprophyticus (5—10%) Fosfomycin Trimetoprim usually leis 
Errerocors ees) recommended due to high resistance 

Recurrent cystitis in As above As above a7) Urine culture essential 


women 


Individualized 


Avoid fluoroquinolones and third 
generation cephalosporins as far as 
possible 


Acute sporadic cystitis in 
males (no risk factors) 


Not studied. Probably 
similar as women except for 
S. Saprophytics 


According to susceptibility 


Not well defined 


As for female 


Rare UTI, poorly studied 


Difficult to differentiate from 
prostatitis without fever (type II) 


Acute uncomplicated 
pyelonephritis 


E. coli (75-85%) 
Proteus (<5%) 

Klebsiella (<5%) 
Others (<10%) 


Cephalosporin (third 
generation) 


Fluoroquinolone 


Aminoglycoside 


7-14 days 
Step-down to oral therapy 
as soon as possible 


Urine culture necessary 


Blood culture in case of severe 
systemic symptoms 


High risk for sepsis 


ESBLrisk evaluation 


UTI during pregnancy 


Asymptomatic As for sporadic infections Nitrofurantoin 5-7 days Surveillance 
bacteriuria Cephalosporin (oral) Consider prophylaxis 
Acute cystitis Pivmecillinam 5-7 days If recurrent: consider prophylaxis 
a Amoxicillin (high f T ; 
Acute pyelonephritis R (hig eae 7-10 days Initiate prophylaxis 
resistance in community) 
Complicated UTI 
Febrile UTI E. coli (35-60%) Cephalosporin 7-14 days Empirical treatment initiation 
(male/women) Proteus mirabilis (6-10%) Fluoroquinolone followed by correction according to 
Acute pyelonephritis Klebsiella, Enterobacter, Co-trimoxazol susceptibility pattern 
Sepsis Citrobacter, Pseudomonas Aminoglycoside Investigation of the urinary tract 
r ae , 
(up to 25%) Piperacillin Surgical intervention when necessary 
Enterococci (92-20%) ESBLrisk evaluation 
Carbapenem group 
Chronic pyelonephritis Variable According to urine culture Not defined Bacteriuria coming from chronic 


pyelonephritis or harboured in the 
kidney is difficult to eradicate. 


If asymptomatic: avoid treatment 


Catheter-associated UTI 


E. coli, Proteus, Enterobacter, 
Enterococci, S. epidermidis 


According to urine culture 


Usually 5-7 days 


As short as possible after symptom 
response 


Fungal UTI 


Candida albicans 


Candida glabrata 


Fluconazole 


Amphotericin B 


7-4 days 


Only symptomatic infections, and 
in case of risk of dissemination at 
instrumentation 


loin pain, the urinary tract should be investigated with upper tract 
imaging generally by ultrasound or CT, cystoscopy and, if indicated, 
urodynamic studies to detect any dysfunction or abnormality. 

The management of recurring UTI (rUTI) should be individual- 
ized and decided following a joint discussion with the patient, with 
careful explanation of the problem and information on available 
evidence-based and empirical preventive measures. It is important 


to reassure the patient that symptom-free bacteriuria in the absence 
of any detected risk factors (ABU) is harmless and should not be 
treated; a sterile urinary tract should not necessarily be the goal 
of successful management. Prophylactic antibiotic-based regimens 
can reduce symptoms and have variable antimicrobial effectiveness, 
but severe adverse reaction can occur and microbial resistance 
concerns have limited its use to a highly selected patient group. 


It should be considered only after counselling of alternatives and 
behavioural modifications has been attempted.?83536 Continuous 
or post-coital prophylaxis should be considered only in women in 
whom non-antimicrobial measures have been unsuccessful. Self- 
diagnosis and self-start intermittent treatment with short courses 
of recommended antibiotics can be used in selected cooperative 
women.? The use of methanamine hippurate, a urine disinfectant, 
is poorly investigated, but available data from randomized trials 
suggest that selected women will experience fewer UTI.4° 

Evidence of the effectiveness of preventive advice such as high 
intake of fluids, regular micturition to avoid large urine volume, 
post-coital hygiene, and the avoidance of use of spermicides is 
poor, although much is common sense. In the case of residual vol- 
umes above 100 mL, the patient could benefit from behavioural 
techniques to improve voiding, and clean intermittent catheteriza- 
tion may be considered for larger residual volumes. 

Reduced vaginal colonization by lactobacilli related to low local 
oestrogen levels is also a possible risk factor for rUTI. The use of 
local oestrogen replacement therapy has been demonstrated to 
increase lactobacilli growth and to reduce UTI recurrence in post- 
menopausal women.*! 

Other investigational preventive methods include regular intake 
of cranberry or pomegranate concentrate-containing proanthocya- 
nidins in high levels, but solid clinical validation is still needed.*? 
Oral intake of uropathogenic E. coli cell wall constituents for immu- 
nization has also shown to reduce infection episodes in female 
rUTI by approximately one third. 

Women with postmenopausal hormonal status are particularly 
prone to rUTI. Epidemiological studies have shown that approxi- 
mately 5-20% of healthy women aged 65 to 70 years have bacte- 
riuria. The percentage is even higher in those older than 80 years, 
reaching 20-50%. Bacteriuria occurs more often in elderly women 
who are functionally impaired and persistent bacteriuria is fre- 
quently observed in women unable to live independently. Risk fac- 
tors for bacteriuria and UTI are also different in older compared to 
younger women. These include clinical evidence of local oestrogen 
deficiency, cystocele, post-void residual urine, urinary and faecal 
incontinence, and previous urogenital surgery. 

For ABU, no treatment is required, and the treatment strategies 
for clinical UTI are similar to those in premenopausal women.*786 
As for premenopausal women, antibiotic prophylaxis should be 
reserved for a narrow group of selected patients. 


Acute sporadic uncomplicated pyelonephritis 


Pyelonephritis is classically associated with fever, chills, nausea, and 
flank and abdominal pain. However, kidney infection is not the only 
possible cause of these symptoms. Sometimes, especially in elderly 
people, kidney infection may have an insidious non-specific onset. 
Sporadic uncomplicated pyelonephritis is mainly seen in women 
and children and is often preceded by lower urinary tract symptoms 
with urinalysis positive for nitrite, leucocyte esterase, and blood. 
The urine and, in case of severe systemic symptoms, blood should be 
cultured, and antibiotic susceptibility tested for isolated pathogens. 
Early antibiotic treatment is vital, as a pyelonephritis even in the 
absence of upper urinary tract obstruction may rapidly progress to 
life-threatening urosepsis. In the early phase, the treatment can be 
given orally (if tolerated) using an antibiotic with high intestinal 
absorption and renal parenchyma distribution, such as a fluoroqui- 
nolone. In the presence of systemic symptoms, patients should be 
admitted to the hospital for intravenous antibiotic treatment. Local 
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guidance should be followed in the choice of initial agent, with sub- 
sequent modification according to urine and blood culture results. 
Step-down to oral therapy should be initiated according to local 
guidance and continued for 7-10 days. Usually clinical symptoms 
and signs will improve within two to three days of starting antibi- 
otics, while the normalization of serum markers of inflammation 
takes a further few days. 

There should be a low threshold for imaging of the urinary tract 
(initially by ultrasound) if there is uncertainty regarding the pres- 
ence of risk factors for severe infection, or failure to respond to 
initial treatment. Urinary tract obstruction is the most frequently 
found complicating factor (see Fig. 1.4.3). 


Acute complicated pyelonephritis and febrile urinary 
tract infection with risk factors 


The most frequent risk factor is upper urinary tract obstruction, 
usually by a ureteric calculus. In addition to symptoms of pyelone- 
phritis, patients may describe pain typical of ureteric colic. Further 
risk factors that may complicate acute pyelonephritis are listed in 
Table 1.4.3.4 It is important to detect these factors and address 
them if required, for example by drainage of an obstructed urinary 
tract or close control of blood sugar. 

Emphysematous pyelonephritis is an acute necrotizing parenchymal 
infection caused by a polymicrobial infection including gas-forming 
uropathogens, such as E. coli.4° The condition occurs mainly in peo- 
ple with diabetes and is more likely if there is urinary tract obstruc- 
tion. The degree of sepsis is generally severe and urgent drainage or 
nephrectomy is required to reduce mortality risk (see Fig. 1.4.4). 

Possible continued infective consequences to complicated pyelo- 
nephristis include renal or perinephric abscess resulting from leak- 
age of infected urine from a ruptured calyx (see Chapter 1.5). 


Chronic pyelonephritis 


Chronic pyelonephritis is nowadays seen predominately in patients 
with underlying functional or anatomical urinary tract abnormali- 
ties, mainly non-acute stone disease and long-term obstruction. 
It results in destruction of the renal parenchyma, with scarring 
and shrinkage of the kidney, and renal function impairment. The 
inflammatory process can include the whole kidney or may remain 
localized around calyces, particularly in the lower pole, where 
drainage is impaired. When bacteriuria is present, it is very difficult 
to eradicate (see Fig. 1.4.5). 

Xanthogranulomatous pyelonephritis is a rare, severe destructive 
chronic inflammation of the kidney resulting in a non-functioning, 
enlarged kidney, presenting clinically and on CT as a renal mass, 
which may be difficult to differentiate from a renal tumour.*® 
People with diabetes appear more at risk. It is generally unilateral 
and associated with nephrolithiasis and obstruction. E. coli and 
Proteus are most commonly reported pathogens. A non-functional 
kidney should be removed. 


Sepsis 

About 20% of all episodes of systemic sepsis originate in the urinary 
tract (‘urosepsis’) and may develop from a community-acquired or 
a healthcare-associated UTI.4” A complicating underlying risk fac- 
tor involving a parenchymatous urogenital organ such as the kidney 
or the prostate is almost always identified. The systemic inflamma- 
tory response syndrome is recognized as the first event in a cascade 
of events leading to multiple organ failure.48 Time from admission 
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Fig. 1.4.3 Acute pyelonephritis of the left kidney in an otherwise healthy young woman. The computed tomography urography (CT-U) shows the radiological 
characteristics: the left kidney is larger than the right one, secondary to oedema of the parenchyma. The circulation of the kidney is greatly disturbed and only the upper 
quarter of the kidney is normally vascularized. Usually, there is also an oedema of the tissue surrounding the kidney. The right kidney is normally vascularized. Recovery 
and normalization of the circulation is seen after a few weeks of treatment. (A) axial projection; (B) coronal projection. 


to treatment is vital for the patient and treatment must be initiated 
without any delay after urine and blood sampling for culture and 
inflammatory parameters. Its management consists of:49 


Parenteral broad-spectrum beta-lactam antibiotics, often in 
combination with an aminoglycoside; 


Parenteral antibiotic from the carbapenem group in case of 
known or suspected ESBL strain; 


Early fluid and oxygen treatment, added by other life supporting 
care as required; 


Monitoring of vital parameters in intermediary or critical care 
unit, depending on the severity of the sepsis; 


Early detection of any underlying urological cause, especially 
obstruction; Drainage should be undertaken by the least invasive 
way without unnecessary delay. 


Spin: - 
Tilt: -0 


Fig. 1.4.4 Acute emphysematous pyelonephritis in an elderly woman with diabetes mellitus, cardiovascular disease, and kidney stone with post-renal obstruction. The 
CT-U reveals typical characteristics: the kidney parenchyma is oedematous, the circulation greatly disturbed, and the excretion is delayed. Air bubbles are found in the 
kidney pelvis and in the parenchyma. E. coli was growing in the urinary culture. The infection is life-threatening and in addition to parenteral antibiotic administration and 
supportive therapy, the kidney must be drained by a nephrostomy tube to control the infection. The percutaneous channel may eventually be used for stone removal. 


(A) axial projection; (B) coronal projection. 
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Fig. 1.4.5 Chronic pyelonephritis of the lower section of the left kidney in a middle-aged, otherwise healthy woman. She was previously operated upon with 
percutaneous stone removal but kidney stone recurred in deformed and scarred lower calyces. The renal parenchyma around the stone burden is reduced. A selective 


renal angiography confirmed the reduction of parenchyma and the vascular distribution and delimitations to be considered before heminephrectomy, which was 


eventually performed in the present case. (A) axial projection; (B) coronal projection. 


Fungal urinary tract infection 


Yeasts such as candida exist as commensals on the external genitalia 
and are detected in less than 1% of urine cultures. However, the risk 
of candidal UTI is increased in immunosuppressed patients, critically 
ill patients, those with uncontrolled diabetes mellitus, and patients 
with complicated urological conditions. Urological risk factors are 
the presence of any type of indwelling catheter or stents, and instru- 
mentation. In most cases, candiduria (C. albicans and C. glabrata) 
is transient and asymptomatic, and represents a colonization rather 
than a true infection. It is generally recommended to treat sympto- 
matic infections and to give appropriate prophylaxis to prevent dis- 
semination during urinary tract instrumentation and surgery.°° 


Urinary tract infection in special 
patient populations 


Urinary tract infection and kidney stones 


Urease-producing organisms such as Proteus mirabilis, Klebsiella, 
Enterobacter, Pseudomonas spp. and specific intracellular bac- 
teria such as Ureaplasma urealyticum are able, in the alkaline 
environment, to catalyse the degradation of urea to ammonium 
ions encouraging the development of magnesium-ammonium- 
phosphate stones (also termed struvite, triple phosphate, or infec- 
tive stones). These stones are less radio-opaque, harbour bacteria, 
damage the uroepithelium, precipitate inflammation leading to 
scar formation (chronic pyelonephritis) and potentially renal fail- 
ure.>! Often there is also an underlying anatomical or functional 
abnormality, particularly neurological dysfunction. 

Management consists of a combination of antibiotic treatment 
and surgery during which all stone material must be removed and 
drainage ensured to control the infection and prevent recurrence. 
Patients undergoing surgery for infective stones are at high risk for 
infective complications in terms of acute kidney infections and sys- 
temic sepsis.>*°> Bacteriuria must be controlled prior to and during 
stone surgery and continued after in a tentative effort to eradicate 
infection.76>4 

Other types of urinary stones such as calcium oxalate and urate 
may also induce focal inflammation and harbour bacteria.” Even 


apparently small idiopathic stones can induce infective complica- 
tions and it has been clearly shown that a negative urine culture 
does not predict the absence of postoperative sepsis. The risk of 
complications is markedly increased in patients with upper tract 
obstruction due to ‘impacted’ ureteral stones.”>53 The risk for each 
individual patient must be properly assessed before any interven- 
tion for a urinary tract stone and appropriate perioperative prophy- 
laxis considered. 


Urinary tract infection in pregnancy 


A UTI or unmanaged ABU during pregnancy can harm the devel- 
oping foetus. Acute pyelonephritis is associated with preterm deliv- 
ery.°°°” The urinary tract undergoes physiological modifications 
following the hormonal changes during pregnancy and pressure 
from the gravid uterus results in dilatation of the collecting system. 
Previous pyelonephritis, pre-existing urinary tract abnormalities, 
renal stones, and painful dilatation of the upper urinary tract are 
risk factors for pyelonephritis. 

ABU is detected in between 4% and 7% of women during preg- 
nancy and pyelonephritis occurs in up to 2%. Guidance recom- 
mends that women should be screened for bacteriuria during the 
first trimester of pregnancy.*®3 ABU should be eradicated and 
cystitis treated with short courses of antimicrobial therapy, with 
agents chosen according to their safety profile (Table 1.4.5) and fol- 
lowed up with urine culture. Pyelonephritis is treated according to 
standard recommendations for 7-10 days. In the case of recurrent 
bacteriuria, prophylaxis throughout the pregnancy should be con- 
sidered. A urine culture is imperative to direct acute effective treat- 
ment and prophylaxis.” 


Urinary tract infection and diabetes mellitus 


Between 15% and 25% of women with diabetes have bacteriuria 
and people with diabetes mellitus have a higher incidence of UTI, 
which is often more difficult to resolve. The risk of ascending infec- 
tion is also higher, with greater likelihood of failure to resolve lead- 
ing to papillary necrosis, renal abscess, and xanthogranulomatous 
pyelonephritis.°°-® E. coli remains the predominant pathogen, 
but generally infecting pathogens have a more virulent phenotype. 
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Candida infection is also more common than in the general 
population. 

Monitoring and control of blood sugar level is important, since 
it may promote UTI and be elevated during episodes of infection. 

Other relevant consequences of diabetes include detrusor under- 
activity with high post-void residual urine. 

In the case of a symptomatic infection, a urine culture is taken 
and the appropriate antibiotic prescribed. It is important to moni- 
tor and control blood glucose levels. ABU should not usually be 
treated except during pregnancy and prior to surgery. 


Urinary tract infection in people with neurological 
bladder dysfunction 


Bladder dysfunction with residual urine and impairment of upper 
tract drainage occurs following spinal cord lesions including mul- 
tiple sclerosis, some forms of stroke, and any disturbance of the 
peripheral nerves, such as in advanced diabetes mellitus. Structural 
or functional bladder outlet obstruction will compound the prob- 
lem. The majority of these patients have ABU.6364 Gram-negative 
uropathogens, including Klebsiella and Pseudomonas, are com- 
monly isolated on urine culture but Gram-positive pathogens such 
as Enterococcus faecalis are also frequently isolated. Highly resistant 
organisms are frequently encountered, in part due to indiscrimi- 
nate antibiotic use. These patients will also have a higher frequency 
of urease-producing bacteria and infective stone formation. UTI 
is the most common cause of fever for patients with neurological 
bladder dysfunction, and other consequences of the underlying 
neurological disease may mask typical UTI symptoms. Patients 
requiring bladder drainage by indwelling catheter will also be at 
higher risk of infective complications, and stone formation. 

For this patient group it is important, but in practice very dif- 
ficult, to avoid unnecessary and ineffective use of antimicrobial 
treatment. Antibiotics should be restricted to severely symptomatic 
UTI and prior to instrumentation of the urinary tract. Similarly, 
long-term antibiotic prophylaxis should be avoided, but alternative 
antimicrobial approaches can be trialled, such as methenamine or 
cranberry extract.404? Therapeutic colonization of the urinary tract 
in a cohort of people with neurogenic bladder dysfunction using an 
ABU E. coli strain was effective in reducing the number of episodes 
of symptomatic UTI, compared to an untreated group. 


Catheter-associated urinary tract infection 


Placement of an indwelling urinary catheter should be considered 
as a temporary solution for bladder drainage problems, with alter- 
natives such as condom sheath drainage, pads, or clean intermittent 
catheterization preferred. However, there are situations when a per- 
manent urethral or a suprapubic catheter is unavoidable. Bacterial 
urinary colonization is the rule, occurring at a rate of about 5% 
per day from insertion with almost all patients bacteriuric with 
E. coli, other Enterobacteriaceae, or Enterococci and other second- 
ary Gram-positive organisms at one month (Table 1.4.1).?°7 

After short-term catheterization (less than one week), bacte- 
riuria will most often resolve spontaneously. In all cases, the use 
of antibiotics should be avoided unless there are definite systemic 
symptoms. 

In long-term catheterization, bacterial communities embed- 
ded in a secreted extracellular polymeric matrix polyglycan (bio- 
film) are formed on the catheter and the urinary tract becomes a 


reservoir of more or less resistant strains hidden from antibiotic or 
antimicrobial attack.!>® The routine change of catheter at standard 
intervals is a key time for high risk of systemic sepsis, but does not 
appear to be modified by prior antibiotic treatment/prophylaxis.° 
ABU in catheterized patients should not be treated except prior to 
surgery. If a patient with an indwelling catheter suffers a sympto- 
matic UTI guidelines*®36 suggest commencing a short course of 
an appropriate antibiotic together with immediate change of cath- 
eter. There is little evidence of any advantage for different catheter 
materials or surface coatings.®”° Although evidence is scanty, the 
same recommendations are valid for other urinary tract drainage 
devices, such as nephrostomy tubes and ureteral stents.°° 


Urinary tract infection in urinary diversion 


Urinary diversion with ileal conduit, orthotopic bladder substitu- 
tion, or continent diversion after cystectomy is associated with an 
increased prevalence of bacterial colonization and ABU.’! The man- 
agement is similar to the other described functional lower urinary 
tract disorders associated with higher UTI risk. Antibiotic prophy- 
laxis should only be given to patients who suffer repeated febrile UTI. 


Urinary tract infection and urological surgery 


Instrumentation of the urinary tract is followed by infective com- 
plications in a substantial number of patients. The underlying 
causes are related to pre-existing patient risk factors, increased risk 
associated with the procedure itself, and the risk of HAI. The most 
important aspects to control infective complications and HAI are:?? 


+ Careful preoperative patient assessment and aseptic precautions 
+ Control of general and specific risk factors (Table 1.4.3) 


+ Preoperative evaluation of the procedure in terms of level of 
invasiveness, surgical field contamination level and risk for spill- 
age, duration, and surgical skills 


+ Adherence to local infection control policies and antimicrobial 
stewardship programme 


+ Adherence to perioperative antimicrobial prophylaxis principles 
+ Clean wards and sterile surgical environment 


+ Minimization of hospital stay 


Conclusions 


Urinary tract infections are among the most common infections 
in the community, in the general hospital environment, and in 
patients under urological care. They present through a variety of 
manifestations requiring the clinician to be alert to UTI as a pos- 
sible diagnosis. It is essential to identify infection and initiate effec- 
tive treatment recommended by guidelines as early as possible to 
reduce the risk of progression to severe sepsis. However, it is also 
important for the safety of the individual patient, their community 
and the wider population to avoid ineffective, unnecessary, and 
overuse of antibiotics to reduce the risk of resistance development. 
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CHAPTER 1.5 


Renal and retroperitoneal abscess 


Alice E. Hartley and Toby Page 


Introduction to renal and retroperitoneal 
abscess 


Infection in the retroperitoneum is often difficult to diagnose due to 
its non-specific clinical presentation.!~> Most occur in people with 
anatomical abnormalities, malignancy, injury, or infection of the 
retroperitoneal organs*+> but haematogenous spread, lymph node 
infection, or osteomyelitis can also be causative factors.? Despite 
advances in diagnosis and treatment, it is still important for cli- 
nicians to have knowledge of retroperitoneal anatomy in order to 
understand the origin and spread of infection. 

Delayed diagnosis or inadequate treatment of infection in the 
retroperitoneum and the organs contained within it, such as the 
kidney, can lead to abscess formation particularly in immuno- 
compromised patients.*°%” Abscess formation results in greater 
morbidity and, if not drained promptly, appreciable mortality.8 In 
well-resourced countries, these risks have been reduced by ready 
access to computed tomography (CT,) which can rapidly diagnose 
abscess formation and guide drainage. This advancement, with its 
associated lower morbidity, may explain the lack of recent literature 
on retroperitoneal infections and our continued reliance on older 
studies to guide management.? 
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Fig. 1.5.1 A sagittal CT section of the abdomen to demonstrate the retroperitoneum. 


Image reproduced courtesy of Dr Ralph Marsh. 


Anatomy 


Altemeier and Alexander (1961) provided a detailed anatomical 
guide to the retroperitoneum which they defined as ‘a potential space 
between the peritoneum and the transversalis fascia, bordered super- 
iorly by the diaphragm, inferiorly by the pelvic brim and laterally by 
parietes at the lateral edge of the quadratus lumborum (Fig. 1.5.1).° 
They divided the retroperitoneum into anterior (including 
the pancreas, colon and duodenum), perinephric (including the 
adrenals, kidneys, ureters, aorta, and vena cava), and posterior com- 
partments (Fig. 1.5.2) The area posterior to the transversalis fascia, 
bordered by the psoas fascia, diaphragm, and vertebral column is 
known as the retrofascial space and includes the psoas muscle. 
Superiorly the retroperitoneum is limited by peridiaphragmatic 
fat. The lack of a limiting anatomical feature inferiorly means that 
infection can spread from the anterior, perinephric, or posterior com- 
partments across the midline and into the pelvic organs. Posteriorly 
the transversalis fascia and psoas fascia attach to the iliac crest and 
iliacus becoming the pelvic fascia.!° The peritoneum sweeps over 
the superior aspect of the bladder (and uterus in females) and conse- 
quently the bladder, uterus, vagina, and rectum are all retroperiton- 
eal organs. Simons et al. (1983) describe four (five in women) pelvic 
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Fig. 1.5.2 A transverse CT image of the abdomen to demonstrate the retroperitoneum. 


Image reproduced courtesy of Dr Ralph Marsh. 


retroperitoneal spaces in which infection can develop;!° the prevesi- 
cal, postvesical, uterorectal, pararectal, and presacral. Infections can 
arise in any of these spaces, and infections from higher in the retrop- 
eritoneum or perineum can track into them. 

The anterior retroperitoneum is bordered anteriorly by the pos- 
terior parietal peritoneum and posteriorly by the anterior renal 
(Gerota’s) fascia (Fig. 1.5.3). On the right this compartment con- 
tains the ascending colon, pancreas, and duodenum, and on the 
left the descending colon and pancreas. The pancreas crosses the 
midline and therefore unless it is the source, infections do not usu- 
ally spread from one side to the other.>!° The majority of infections 
in this compartment will originate from the gastrointestinal tract. 
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Right kidney 


Fig. 1.5.3 A sagittal CT section to show the anterior retroperitoneal space. 
Image reproduced courtesy of Dr Ralph Marsh. 


The perinephric retroperitoneum is contained within Gerota’s 
fascia, which encapsulates the kidneys, adrenals, ureters, and great 
vessels. The medial connection with the fascia of quadratus lumbo- 
rum prevents connection between the two sides.!° Renal and per- 
inephric infections or abscesses usually follow infections or injury 
of the urinary tract. 

The posterior retroperitoneum is bound by the posterior layer of 
Gerota’s fascia and the transversalis fascia. Inferiorly, it commu- 
nicates with the anterior retroperitoneal space and opens into the 
pelvis. Infections rarely originate in this compartment but infec- 
tion from the pelvis or other retroperitoneal compartments can 
track to it. 


The retrofascial space lies posterior to the transversalis fascia 
outside of the true retroperitoneal space. The lack of inferior lim- 
iting margins mean that infection can spread under the inguinal 
ligament down into the thigh, as well as upwards from the lower 
limbs and genital tract. It contains the lumbar plexus, resulting in 
the classical neurological signs related to psoas inflammation. 


Clinical presentation 


Retroperitoneal infections are most common in the 20 to 70 years 
age group, and those affecting the perinephric compartment are 
more common in women.”* Immunocompromised patients, such 
as those with diabetes, renal, or liver disease, are at higher risk.47 
Animal experiments have established that development of ret- 
roperitoneal sepsis is an insidious process with a higher rate of 
chronic abscess if left untreated, in contrast to the rapid develop- 
ment and early death associated with intraperitoneal infection."! 
This slow time course contributes to the failure to detect retro- 
peritoneal sepsis in patients presenting with chronic non-specific 
illness, until life-threatening sepsis related to spreading abscess 
occurs.}3 Additionally, the retroperitoneum is difficult to exam- 
ine, with specific clinical signs unusual, and most frequently 
relate to palpable large abscess present in between 4% and 50% of 
reported case series. ”*46710 Retrospective review following diagno- 
sis confirms the non-specific symptomatology including abdomi- 
nal pain, fever, and malaise. Referred symptoms, such as hip pain 
with psoas inflammation, or a mass in the anterior thigh can mis- 
direct investigation.’ Older studies, prior to widespread availability 
of CT, suggest an average time from initial presentation to diagno- 
sis of between one and two weeks.*°7,? Diagnosis of perinephric 
compartment infections in these historical studies appeared more 
straightforward than those affecting the anterior compartment.” 


Source of infection and microbiology 


The causative organism(s) will depend on the route of infection, 
but aerobic and anaerobic organisms often coexist (Table 1.5.1). 
Several theories have been suggested to explain the coexistence of 
these organisms, including protection from phagocytosis, growth 
factor production, or the prevention of oxidizing reactions in the 
surrounding tissues. !213 

In a large case series of patients with retroperitoneal abscess, bac- 
teria were isolated from 84% of specimens despite frequent prior 
antibiotic treatment. A mean of three organisms were isolated 
and about 60% of positive cultures grew a mixture of both aero- 
bic (Escherichia coli, Klebsiella pnemoniae, Group D Streptococcus, 
and Staphyloccoccus aureus) and anaerobic (Peptostreptococcus 
sp., Prevotella sp., Bacteroides fragilus, Clostridium perfringens) 
organisms. Aerobic organisms were more prevalent in pancreatic 
abscesses, while anaerobic organisms were more commonly cultured 
from pelvic abscesses. Mycobacterium species should also be looked 
for and excluded. In renal and perinephric abscesses, Escherichia 
coli, Klebsiella pneumoniae, and Staphyloccous aureus were the 
most common.?# Recently methicillin-resistant Staphylococcus 
aureus (MRSA) has been isolated, particularly related to prior skin 
infection.!4 

The likelihood of mixed bacterial populations means that the 
initial antibiotic regime should cover both aerobic and anaerobic, 
and both Gram-positive and Gram-negative organisms. To guide 


CHAPTER 1.5 RENAL AND RETROPERITONEAL ABSCESS 


Table 1.5.1 Anatomical subcompartments of the retroperitoneum, 
where abscess may occur with the related organs and causes 


Compartment Organ/tissue Predominant cause 
causing pathology 
Anterior Colon Inflammatory bowel disease 
retroperitoneum Appendix Appendicitis 
Pancreas Pancreatitis 
Malignancy 
Perinephric Kidney +/— ureter Pyelonephritis 
Stone disease 
Malignancy 
Trauma 
Tuberculosis 
Retrofascial Psoas muscle Primary 
Vertebrae Trauma 


Vertebral infections 
@ Discitis 

+ Osteomyelitis 

+ Tuberculosis 

+ Pott’ disease 
 Lymphatic/haematogenous 
Secondary 


Invasion through the transversalis 
fascia from other retroperitoneal 
compartments 


more definitive therapy, pus, urine, blood, and tissue should all be 
cultured where possible. 


Imaging 


CT is now widely used in well-resourced countries as part of their 
early investigation of patients with pyrexia of unknown origin or 
unresolving abdominal pain (Fig. 1.5.4). Historically, plain abdom- 
inal radiographs may have revealed renal stones, retroperitoneal 
gas, or loss of psoas shadow.! Intravenous pyelography was previ- 
ously helpful to detect perinephric extravasation of urine. 

Abdominal ultrasound is perhaps more readily available than CT 
and can be used to locate fluid collections in the retroperitoneum, 
particularly within or around the kidney. Although the specific- 
ity for detecting associated renal and ureteric calculi is lower than 
CT, the presence of hydronephrosis can be detected in 98-100% of 
cases!’ and indicates urinary tract obstruction. Nuclear medicine 
renal scintigraphy (renography using radio-labelled markers such 
as DMSA or MAG3) can give an estimate of differential renal func- 
tion and identify non-vascularized segments prior to surgical inter- 
vention, although reduced relative function on the affected side 
may recover following resolution of renal sepsis. Labelled white cell 
scanning has a limited role in identifying a retroperitoneal source 
for pyrexia of unknown origin. 


Treatment 


Early detection and commencement of parenteral antibiotics to 
cover both aerobic and anaerobic bacteria are essential to limit 
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Fig. 1.5.4 A transverse CT cross-section of the abdomen showing abscess in right kidney. 


Image reproduced courtesy of Dr Philip Haslam. 
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Fig. 1.5.5 A CT scan showing left perinephric collection extending posteriorly. 


Image reproduced courtesy of Dr Philip Haslam. 


the morbidity and mortality of retroperitoneal infections. Surgical 
or needle drainage of any subsequently identified abscess, as well 
as being therapeutic, can identify causative organism to guide 
definitive therapy. Ideally drainage should be performed percuta- 
neously, rather than by laparotomy to minimize risk of contami- 
nation.* Untreated, mortality of retroperitoneal infection with 
abscess approaches 100% (Fig. 1.5.5).8 Treatment with antibiotics 
alone may be sufficient for patients with small (<3 cm) perinephric 
abscess? (Fig. 1.5.6) but imaging should be repeated if there is no 
clinical response and involvement of the microbiology team is 
essential.” 

After initial resuscitative treatment, it is important to complete 
patient assessment to identify and rectify the underlying cause. 
Most commonly, this will be an obstructing ureteric stone caus- 
ing an infected urinoma in the retroperitoneum. In the majority of 
cases, percutaneous drainage or stent insertion is the safest initial 
option until the patient’s condition has normalized. Subsequent 
stone removal is facilitated by previous drainage from nephrostomy 
or retrograde stent insertion. For infections that fail to resolve, 
surgical excision of the infected tissue may be required to allow 
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Fig. 1.5.6 A CT scan showing small right renal abscess associated with a calyceal 
calculus. 


Image reproduced courtesy of Dr Philip Haslam. 


clearance of the bacterial nidus. For complex renal sepsis such as 
xanthogranulomatous pyelonephritis, total or partial nephrectomy 
is indicated, usually via the open route—although laparoscopic 
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Fig. 1.5.7 A CT scan showing xanthogranulomatous pyelonephritis of the right kidney. 


Image reproduced courtesy of Dr Philip Haslam. 


Fig. 1.5.8 A CT scan showing large left renal abscess eroded out through the 
posterior abdominal wall muscles. 


Image reproduced courtesy of Dr Philip Haslam. 


series have been described with similar morbidity rates (Fig. 1.5.7). 
Surgeons should anticipate increased risk of injury to surrounding 
structures such as bowel, and intraoperative bleeding during mobi- 
lization of the renal hilum. Partial nephrectomy to preserve healthy 
renal tissue is possible but with an increased risk of urine leakage, 
failure of resolution of sepsis, and bleeding. 

Retroperitoneal collections arising from bowel or pancreas 
pathology are similarly treated with initial percutaneous drain- 
age to allow symptom relief and stabilization of the patient, before 
definitive treatment by surgical excision of diseased bowel seg- 
ments, and percutaneous or open necrosectomy. 


Summary 


The diagnostic possibility of retroperitoneal infection is often 
not considered in the differential diagnosis of patients with 
malaise and non-specific abdominal or pelvic symptoms. If 
untreated, subsequent abscess formation may carry a high risk 
of morbidity and mortality. Understanding of retroperitoneum 
compartmental anatomy will help the clinician localize the 
potential source of infection using ultrasound and CT imaging 
(Fig. 1.5.8). Following diagnosis and after specimens have been 
obtained, broad antibiotic coverage should be used initially, 
with subsequent refinement according to culture and sensitiv- 
ity testing. Early percutaneous drainage of all but the smallest 
abscess can reduce the morbidity and mortality associated with 
this condition and lead to a complete resolution of symptoms, 
with surgical resection only required to address the underlying 
pathology, or in complex cases such as xanthogranulomatous 
pyelonephritis. 
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CHAPTER 1.6 


Tuberculosis and parasitic 
infestations involving 
the urogenital system 


Chris Heyns! 


Introduction to tuberculosis 


Pathogenesis 


Urogenital tuberculosis (UGTB) is caused by Mycobacterium tuber- 
culosis (MTb) which is transmitted in droplets from the sputum 
of individuals with pulmonary tuberculosis (PTB). The organ- 
ism is inhaled and engulfed by lung macrophages. It has the abil- 
ity to inhibit phagolysosomal function and slowly multiplies in 
the cytoplasm of the macrophage. Bacterial antigens stimulate 
T-lymphocytes to secrete cytokines, which upregulate the macro- 
phage killing mechanisms against MTb. An effective cellular 
immune response prevents dissemination of the organism and 
leads to healing of the primary focus of infection;! if ineffective, 
dissemination, including to the urogenital tract, may occur. 

Active UGTB may also arise as a complication of intravesical 
installation of the attenuated strain of MTb, bacille Calmette- 
Guérin (BCG) used for immunotherapy in urothelial carcinoma.*+4 

Histologically, the tubercle is a granuloma consisting of macrophages, 
T and B lymphocytes, and fibroblasts surrounding the infected mac- 
rophages. MTb may remain viable within the tubercle, resulting in 
latent (dormant) infection. If the cellular immune response is inad- 
equate, MTb spreads via lymphatics and the bloodstream to other 
organs. Reactivation of dormant TB leads to a chronic inflammatory 
response with granulomata consisting of lymphocytes, Langhans giant 
cells, fibroblasts, and central caseous necrosis, eventually followed by 
fibrosis and dystrophic calcification of necrotic tissue.>-7 Reactivation 
of latent TB may occur in conditions which suppress cellular immu- 
nity, such as human immunodeficiency virus (HIV) infection, diabetes 
mellitus, malignancy, steroid treatment or chemotherapy, renal dialy- 
sis, and immunosuppressant therapy after organ transplantation.8-!4 

UGTB is the second most common form of extrapulmonary 
TB (after lymphadenopathy) and, depending on the geographical 
region, accounts for 14-41% of non-PTB cases.!4 UGTB occurs in 
2-10% of cases of PTB in developed (affluent) countries, and in 
15-20% of cases of PTB in developing countries.!5 

The routes of dissemination of MTb to the urogenital system are: 


+ haematogenous to the kidneys and adrenals (both sexes), epi- 
didymis and prostate (men) and the uterus and fallopian tubes 
(women); 


+ Deceased 


+ endoluminal from the kidney via urine to the ureter and bladder; 
or from the epididymis in semen via the vas deferens to the sem- 
inal vesicles and prostate.*16!7 


Haematogenous spread of MTb to the kidneys primarily infects the 
renal cortex.!>!6 Adequate cell-mediated immunity prevents bac- 
terial multiplication, leading to dormant microscopic foci. With 
reactivation and progression of the disease, tubercles and caseous 
necrosis extend into the renal medulla. Ulceration of the calyces 
and sloughing of the papillae enable the organisms to gain access 
to the collecting system. Areas of caseous necrosis may coalesce to 
form cavities in the kidney. TB typically heals with fibrosis caus- 
ing stenosis of the renal infundibula. Extensive granulomata may 
form a mass lesion (tuberculoma) and there is often calcification of 
necrotic tissues. Although haematogenous dissemination occurs in 
both kidneys, clinically active renal TB is usually unilateral.!41>!8 
The ureter is probably infected by endoluminal spread of MTb 
from renal foci rather than by haematogenous dissemination. TB 
usually involves the lower ureter, and less commonly the upper 
ureter and renal pelvis.!? There is ulceration of the ureteric mucosa 
and fibrosis of the wall, causing stricture formation or vesico- 
ureteric reflux (VUR).!4 The bladder is usually infected by MTb in 
urine from foci in the kidney, but haematogenous infection may 
occur without renal involvement. The trigone and ureteric orifices 
are usually affected first. Tubercles forming in the bladder mucosa 
typically cause hyperaemic patches and ulceration, while subse- 
quent fibrosis of the bladder wall may cause ureteric obstruction 
and reduced bladder capacity. Ureteric stenosis is most often uni- 
lateral, but may be bilateral, causing obstructive renal failure.!4 
The epididymis is usually infected by haematogenous spread 
of MTb to the cauda (tail) with its more abundant blood sup- 
ply, but eventually TB involves the whole epididymis.* Tubercles 
with caseous necrosis cause obliteration of the epididymal lumen 
and may ulcerate through the skin. The testis is involved by dir- 
ect spread from the epididymis and may be completely replaced by 
granulomata with caseous necrosis and fibrosis. The vas deferens is 
involved via endouminal spread of bacteria from the epididymis.”° 
The prostate may be infected by haematogenous spread but, also 
transluminally from urine or semen.*?!? Rarely, TB can be sexu- 
ally transmitted; to the penis from a female who has TB of the cer- 
vix or uterus, or to the female genital organs via infected semen.”* 
Anecdotal cases of penile TB have been reported in infants when 
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circumcision was performed by a person with open PTB who 
attempted to stop haemorrhage by sucking the penis.247° 


Clinical presentation 


UGTB is more common in men than women (2:1 ratio) with a 
mean (range) age of 41 (5-88) years. There is a history of previous 
PTB in about a third of cases with a mean (range) interval of 22 
(1-46) years.!5 The most common presentation (in about 50% of 
cases) is with cystitis; irritative/storage lower urinary tract symp- 
toms (frequency, nocturia, dysuria, urgency, and urgency incon- 
tinence).*!>° There may be superimposed urinary tract infection 
(UTI), usually with Escherichia coli in 20-40% of all patients and 
up to 50% of women. Recurrent cystitis with pyuria despite appro- 
priate antibiotic treatment should arouse the suspicion of TB.!>° 
Loin pain occurs in about a third of patients, usually due to hydro- 
nephrosis, sometimes with superimposed bacterial infection caus- 
ing pyelonephritis or pyonephrosis. Ureteric colic may be caused by 
necrotic papillae, blood clot, or urolithiasis resulting from urinary 
stasis and recurrent UTI. 1527:28 

Haematuria is caused by bleeding from papillary necrosis in 
the kidneys or granulomatous lesions in the bladder or ureteric 
wall, and occurs in about a third of cases. The haematuria is usu- 
ally microscopic only, but may be visible. Haematospermia due to 
involvement of the prostate or seminal vesicles is rare.?”?’ Scrotal 
swelling due to chronic epididymitis or epididymo-orchitis is 
present in 10-50% of men with UGTB. It is usually painless and 
is bilateral in about a third of cases.!>° In the early stages, the 
epididymis is enlarged, firm, and usually non-tender, but later 
on the whole testis may be involved. A chronic scrotal sinus may 
also develop. Palpable tubercles and fibrosis along the vas defer- 
ens may cause the finding of a ‘beaded’ vas.?! Repeated bouts of 
epididymo-orchitis despite standard antibiotic therapy should 
arouse the suspicion of TB, particularly when there is sinus 
formation. 

On digital rectal examination, a firm, non-tender nodule in the 
prostate may mimic prostate cancer.”!3? Rarely, a uroenteric fistula 
may develop (e.g. rectoprostatic, vesicoileal, or ureteroileal fis- 
tula).?> The presenting complaint may be infertility due to involve- 
ment of the epididymis and vas deferens in the male, and/or the 
uterus or fallopian tubes in the female.?834-36 Penile involvement 
is rare and usually presents as a chronic ulcer of the glans and pre- 
puce, sometimes with small tubercles under the skin.” Urethral 
involvement may cause external meatal stenosis, urethral stricture, 
or urethrocutaneous fistula.!5-2!3140 Systemic symptoms such as 
fever, anorexia, weight loss and night sweats are present in about 
20% of patients with UGTB."> Bilateral TB necrosis of the adrenals 
is rare, but invariably causes corticosteroid deficiency (Addison's 
disease) with generalized weakness.!6 


Diagnosis 

A high index of suspicion is required to make the diagnosis of 
UGTB and it is frequently initially missed, especially in developed 
countries with low incidence.!®4! Urinalysis is usually positive for 
leucocytes; there may also be blood and protein, and nitrites may 
be present if there is associated bacterial UTI.4243 Urine micros- 
copy and culture shows leucocytes with no bacterial growth; ster- 
ile pyuria, in up to 90% of cases. However, superimposed bacterial 
infection, usually with E coli, is quite common and may delay 
diagnosis.*4 Ziehl-Neelsen staining and microscopy for acid-fast 


bacilli (AFB) in urine specimens has a diagnostic sensitivity of only 
42-52%, so urine culture specifically for MTb is essential. MTb is 
excreted in the urine intermittently and in low numbers, therefore 
at least three to six early morning urine specimens should be col- 
lected on different days. Detection of MTb growth requires special 
culture media and techniques. The sensitivity of urine culture var- 
ies widely from 10-90%, but the specificity is nearly 100%.15 Recent 
antibiotic use (especially fluoroquinolones) may lead to false nega- 
tive TB cultures. 

Growth of MTb on Léwenstein-Jensen medium may take 
six to eight weeks.!544 A more rapid technique is radiometric 
detection with the Bactec system, which can provide results in 
7-14 days. This involves growth of MTb in broth radiolabelled 
with 14 C-palmitate liberating '4CO,, which is detected by radi- 
ometric analysis.44-46 Other rapid methods are fluorometric 
technology to detect O, consumption resulting from bacterial 
growth, or microcalorimetry to detect metabolic heat pro- 
duced by mycobacterial growth.4” The polymerase chain reac- 
tion (PCR) can be used to amplify and detect small amounts of 
mycobacterial DNA in urine. The result is available in 24-48 
hours and the sensitivity and specificity are both in the range 
90-95%. 15-48-51 Inhibitors in the urine may suppress the enzy- 
matic reaction leading to false negative tests.”? PCR should not 
be used in isolation to diagnose UGTB, but must be considered 
together with other findings. PCR will also detect DNA from 
dead bacteria and therefore cannot be used to determine the 
effectiveness of treatment. 

The tuberculin (Mantoux) skin test makes use of purified protein 
derivative (PPD) extracted from cultures of MTb. A dose of five 
tuberculin units is injected intradermally into the skin of the fore- 
arm. PPD stimulates a T-cell-mediated hypersensitivity reaction 
leading to local induration which must be read 48-72 hours after 
the injection. The test is positive after prior exposure to TB and 
after vaccination or intravesical therapy with BCG, and is therefore 
not diagnostic of active TB. 

Although a non-functioning kidney is present in up to 25% of 
cases, renal impairment is uncommon.!5?6 Ultrasonography may 
be useful if there is renal impairment to show hydronephrosis, 
renal cavitation, hydroureter, and bladder wall changes, but the 
findings are non-specific.°4-*° A chest X-ray shows fibrosis in the 
lung apex due to previous (healed) PTB in 25-50% of cases.1854 
In patients with renal TB, 10-75% may have active PTB, and in 
patients with active PTB 6-14% may have renal involvement.*> 
Abdominal X-ray shows focal calcification in the kidneys in 
30-50% of cases. The whole kidney may be replaced with case- 
ous necrosis and calcification, so-called ‘putty kidney.%4 Stone 
formation may occur secondary to ureteric obstruction and UTI. 
Calcification of the wall of the ureter or bladder is rare, but may 
occur in the prostate and seminal vesicle.* Intravenous pyelogra- 
phy (IVP) and more recently CT-urography are useful imaging 
modalities for UGTB. The signs are non-specific, but may include 
any of the following:#1822.54,56-58 


+ Erosion of the renal medulla (‘moth eater’ calyces); 

+ Papillary (medullary) necrosis; 

+ Hydrocalicosis due to infundibular stenosis (Fig. 1.6.1); 
+ Cavity formation in the renal parenchyma; 


+ Calyceal obliteration or amputation (absent or ‘phantom calyx); 
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Fig. 1.6.1 (A and B) Intravenous pyelographies (IVPs) of two different patients showing hydrocalyces due to infundibular stenosis, with papillary necrosis and cavity 


formation in the renal parenchyma, shrunken renal pelvis, and ureteritis cystica. 


+ Hydronephrosis which may be segmental or total, with irregular 
margins and filling defects due to caseous debris; 


+ Pelviureteric junction obstruction (PUJO) usually with a small 
capacity renal pelvis; 


+ Non-functioning of the kidney (the term ‘autonephrectomy’ is a 
misnomer, because the kidney has not been excised) (Fig. 1.6.2); 


+ Mucosal irregularity of the ureter (‘sawtooth’ ureter); 


+ Straightening, shortening, and medial displacement of the ureter 
(‘pipe-steny ureter); 


+ Hydroureter proximal to a stricture, usually in the lower ureter; 


‘Beaded’ or ‘corkscrew’ appearance of the ureter due to multiple 
strictures; 


+ Irregularity of the bladder wall (oedema or granulomata); 


+ Small bladder capacity due to fibrosis of the bladder wall (Fig. 1.6.2). 


Ultrasound is a very useful tool to monitor or detect hydronephro- 
sis during treatment as TB heals with fibrosis, which may worsen 
obstruction. Ultrasound will also differentiate between chronic 
epididymo-orchitis and testicular tumour in men with scrotal 
swelling.‘ 

Computed tomography (CT) without contrast enhancement is 
very sensitive in showing calcifications in the kidneys, adrenals, 
prostate, or seminal vesicles.°4 Contrast-enhanced CT or magnetic 
resonance imaging (MRI) is useful in showing hydroureterone- 
phrosis, renal mass (tuberculoma), thickening of the walls of the 
ureter and bladder, or a nodule or abscess in the prostate.454°8.0.61 

Cystoscopy to assess haematuria may show areas of hyperaemia 
of the trigone and ureteric orifices, mucosal erosion, or ulcera- 
tion. In florid TB cystitis, the whole bladder may be hyperaemic 


and haemorrhagic and the ureteric orifices may be impossible to 
identify. There may be a ‘golf-hole’ ureteric orifice due to fibro- 
sis, which shortens the ureter. In chronic fibrosis of the bladder 
wall, the capacity can be severely reduced (‘thimble bladder). 
Retrograde pyelography can be used to assess a non-functioning 
kidney, obtain a urine sample for TB culture from the upper tract 
and insert a ureteric stent to improve drainage at diagnosis or dur- 
ing treatment.®*° 

Percutaneous nephrostomy (PCN) and antegrade stent insertion 
may be needed if retrograde stent insertion is not possible. 

Cystoscopic bladder biopsy is useful to exclude malignancy, but 
may show TB-related histological findings such as acid-fast bacilli or 
granulomata in about half of cases.°°°” There is a small risk of dis- 
seminated (miliary) tuberculosis after bladder biopsy or retrograde 
pyelography.®* In men with scrotal swelling, fine needle aspira- 
tion cytology (FNAC) may be diagnostic.”° About 50-75% of men 
with genital TB have radiologic abnormalities in the urinary tract; 
therefore biopsy or excision of the epididymis or testis is only indi- 
cated if less invasive studies have failed to establish the diagnosis.4 
Prostate biopsy may be indicated to exclude carcinoma if there is a 
palpable nodule. Renal biopsy with PCR analysis of the tissues may 
be considered.®47! All patients diagnosed with TB should be tested 
for HIV infection after appropriate counselling, because TB is one of 
the conditions defining the acquired immunodeficiency syndrome 
(AIDS), which will require additional antiretroviral therapy.’”7? 


Treatment 


Medical therapy should be given to all patients with UGTB proven 
by culture. Empirical therapy can be considered, especially in 
regions with endemic TB, when there is clinical and imaging evi- 
dence of UGTB which has yet to be confirmed by culture.6774 
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(A) 


Fig. 1.6.2 (A) IVP showing right hydroureteronephrosis, left non-functioning kidney and small bladder capacity; (B) antegrade left nephrostogram showing pelviureteric 


stenosis; and (C) complete distal ureteric obstruction. 


Multidrug therapy (at least three agents) is essential, because the 
organisms divide slowly and the drugs have significant differences 
with regard to tissue penetration, activity at different pH levels in 
the tissues and urine, and effect on the organism. Resistance devel- 
ops very rapidly when only one or two drugs are used.” UGTB 
can be managed with short-course chemotherapy (six months) 
because fewer organisms infect genitourinary tissues and urine, 
while the available drugs have good tissue penetration and attain 
high urine levels (Table 1.6.1).14!578:75-76 Guidance varies in dif- 
ferent geographical locations but typically first-line therapy con- 
sists of rifampicin, isoniazid (INH) and pyrazinamide (PZA) daily 
for two months, with ethambutol added if drug resistance to INH 
is suspected. This is followed by four months of treatment with 
rifampicin and INH two to three times per week. Patients with 
malnutrition and poor social conditions warrant treatment for nine 
months or more.!> 

To prevent peripheral neuropathy in patients on INH, pyridoxine 
(vitamin B,) 25-50 mg/day can be given. Patient compliance with 
TB treatment is often poor, so directly observed therapy can be used 


to improve adherence to the schedule.”” Monthly monitoring dur- 
ing therapy should include liver function tests, serum creatinine, 
full blood count, and uric acid levels, direct questioning for visual 
disturbances, and renal ultrasound for new or worsening hydrone- 
phrosis.!° Relapse occurs in about 5% of cases at a mean (range) of 
5 (1 to 27) years after initial urine sterilization, therefore follow-up 
for 10 years with periodic urine TB cultures is recommended.!° 

In patients with AIDS on retroviral therapy, the dosage of 
rifampicin should be altered depending on the type of retroviral 
agent used. If the CD4 count is less than 100 cells/mm? TB treatment 
should be given daily or three times a week (rather than weekly) 
for at least nine months to prevent the development of drug resist- 
ance.’® Rifampicin induces the hepatic P450 microsomal enzyme 
and may decrease serum levels of immunosuppressive drugs.”? 
Second-line therapy is indicated for cases that fail on first-line 
therapy. The possible drug options include aminoglycosides (strep- 
tomycin), fluoroquinolones (levofloxacin), cycloserine, ethiona- 
mide and para-aminosalicylic acid (PAS).”° There is an increasing 
incidence worldwide of multidrug-resistant TB (MDR-TB) defined 


Table 1.6.1 Typical regimen for first-line therapy of urogenital tuberculosis 


Drug Daily dosage Intermittent dosage Adverse effects 

Isoniazid (INH) 5 mg/kg (max 300 mg) 15 mg/kg 2-3 times/week Hepatotoxicity, peripheral 
neuropathy 

Rifampicin 10 mg/kg (max 600 mg) 10 mg/kg 2-3 times/week Hepatotoxicity, neutropenia 

Pyrazinamide (PZA) 20-25 mg/kg (max 1.5 gm) 30-50 mg/kg 2-3 times/week Hepatotoxicity, hyperuricemia 

Ethambutol 15-25 mg/kg 20-50 mg/kg 2-3 times/week Optic neuritis, visual disturbances 


CHAPTER 1.6 TUBERCULOSIS AND PARASITIC INFESTATIONS INVOLVING THE UROGENITAL SYSTEM 


as resistance to INH and rifampicin or any other first-line drug. 
Extensively drug-resistant TB (XDR-TB) is defined as resistance to 
some of the agents used in second-line therapy. Treatment of MDR- 
TB requires up to five drugs for at least 18 months and XDR-TB 
requires treatment according to individual sensitivity.®° 

The rationale for the use of steroids in UGTB is to reduce the 
inflammatory response and consequent fibrosis. In TB involving 
the bladder or ureter, steroids may improve symptoms and prevent 
or limit stricture formation, but this is controversial and steroid- 
induced adverse effects may outweigh any benefit.*! Surgery for 
UGTB should only be performed after four to six weeks of medical 
treatment, preferably after confirming that the urine TB culture has 
reverted to negative.8%83 Ureteric stenting is indicated in patients 
with hydronephrosis in order to prevent further loss of renal func- 
tion.!° and can be performed retrogradely, or antegradely if the ure- 
teric orifices cannot be cannulated. Segmental hydronephrosis due 
to infundibular stenosis may require multiple stents or neprostomy 
tubes.®° Nephrectomy is indicated for a non-functioning kidney as 
decreased renal blood flow may prevent TB eradication,*!84 and 
cause later hypertension.!5.8 

There are a number of options to surgically treat ureteric, pelviure- 
teric junction, and infundibular strictures that persist after success- 
ful UGTB treatment. Balloon dilatation or endoscopic incision has a 
failure rate of up to 50% presumably due to the ischaemic nature and 
dense fibrosis of TB strictures.!>8-®° Similarly pyeloplasty may be 
difficult because of fibrosis and small capacity renal pelvis, making 
the Foley YV technique most useful. Ureterocalicostomy (anasto- 
mosing the ureter to a dilated lower pole calyx) may be required if 
pyeloplasty is not possible.%! Excision of a ureteric stricture with 
adequate mobilization to perform tension-free ureteroureteros- 
tomy can be performed for upper and middle ureteric strictures.© 
Ureteroplasty can be performed using buccal mucosa as a free 
graft.°2 Ureteroneocystostomy (reimplantation of the ureter into 
the bladder) can be performed if there is a strictured lower ureter. 
The proximal ureter should be healthy and well vascularized.?3 To 
achieve a tension-free anastomosis, a psoas hitch or Boari flap can 
be used, provided that bladder capacity is adequate.°4> Ileal inter- 
position can be used if there are multiple ureteric strictures involv- 
ing the upper as well as lower ureter.®! Alternatively, the ureter can 
be replaced with a Yang-Monti type of conduit constructed from the 
terminal ileum.°° Augmentation or substitution cystoplasty using a 
segment of terminal ileum, caecum, or sigmoid colon can be per- 
formed for a small, contracted (‘thimble’) bladder, 1563-8297 but may 
be at higher risk of tumour formation.?8 

Transurethral drainage or transperineal aspiration under ultra- 
sound guidance may be indicated for TB abscess of the prostate 
or seminal vesicles.°? Epididymectomy may be performed for 
TB epididymitis that does not resolve on medical therapy. 100-101 
Orchidectomy may be indicated for severe epididymo-orchitis or if 
there is suspicion of testicular malignancy. 102103 

The prognosis of UGTB is generally good when the disease is 
detected early, but the mortality may be as high as 26% in some 
regions. !04 


Schistosomiasis (bilharzia) 


Pathogenesis 


Schistosomiasis is caused by parasitic trematodes (flatworms) of the 
genus Schistosoma discovered by the German pathologist Theodor 


Bilharz in 1851. The body of the male schistosome is split by a 
groove—hence its name, derived from the Greek skhistos (divided) 
and soma (body). The female worm is smaller than the male and 
lies in this cleft, known as the gynaecophoric canal, in a state of 
permanent copulation, producing 200-500 eggs per day during a 
lifespan of three to six years.!05-!07 Humans are infested through 
contact with fresh water contaminated with free-swimming cer- 
cariae (about 500 micron in length), which penetrate the skin, 
shed their forked tail, and become schistosomula. They then 
migrate to the portal veins and in one to four weeks become adult 
worms (1-3 cm long).!°7 Mating adults of S. haematobium migrate 
to the perivesical venous plexuses and predominantly affect the 
urinary tract, shedding their ova in the urine. The eggs may also be 
deposited in the seminal vesicles and ejaculatory ducts in men and 
in the uterus and vagina in women.!°8 Other species, S. mansoni, 
intercalatum, guineensis, japonicum, and mekongi, migrate to the 
mesenteric veins, shed their ova in the faeces and cause gastroin- 
testinal and/or hepatic disease. 

The period between penetration of the cercariae and the onset 
of egg deposition in the tissues is usually two to three months. The 
ova (70-170 micron in length) hatch after one to three hours in 
fresh water releasing miracidia (ciliated larvae about 160 micron in 
length), which penetrate the intermediate host, fresh water snails 
Bulinis (S. haematobium) or Biomphalaria (S. mansoni), where 
they develop as sporocysts over the course of a month or two. Each 
miracidium produces 20-40 daughter sporocysts, which in turn 
produce 200-400 cercariae each. The snails release cercariae, which 
can live for up to four days in fresh water and must penetrate the 
skin of a human to continue the life cycle. Swallowed cercariae are 
digested in the stomach and do not cause disease. 105-107 

The ova deposited in tissues elicit cellular and humoral immune 
responses, leading to eosinophilia and a granulomatous tissue 
response causing erythematous polypoid masses which project into 
the lumen of the bladder.!°°-!!* Granulomata consist of eosinophils, 
lymphocytes, plasma cells, and giant cells. The ova are destroyed by 
the host granulomatous response and eventually become calcified. 
The polypoid lesions are replaced by fibrosis of the bladder wall and 
ureters. Inactive urinary schistosomiasis (when the adult worms 
have died) is characterized by the presence of ‘sandy patches’ con- 
sisting of fibrosis and calcification around non-viable ova.1% 

Schistosomiasis affects over 200 million people worldwide 
(mainly in Africa, the Middle East, and Asia) and causes an esti- 
mated 200,000 deaths annually.!!3 In endemic areas, children are 
exposed to water at an early age; therefore, active schistosomia- 
sis usually begins in childhood. In some cultures haematuria in 
boys is seen as a normal sign of puberty.! Schistosomiasis usually 
affects the lower ureter and bladder wall.!!4 Hydroureter is usu- 
ally asymmetric and may be secondary to fibrotic stricture for- 
mation, or ureteric muscular dysfunction. In most cases, ureteric 
dilatation is not associated with renographic evidence of obstruc- 
tion.9°-1!5-117 Obstructive nephropathy can occur and the affected 
kidney may also suffer glomerulonephritis due to the deposition of 
immune complexes containing schistosomal antigens.!!8 Chronic 
inflammation of the urothelium leads to squamous metaplasia, 
which has a greater proliferation rate than normal urothelium 
and increases the risk of genetic changes leading to carcinogen- 
esis. Chronic infection with S. haematobium converts nitrates 
to nitrites and subsequently to nitrosamines, which are carcino- 
genic.!06119,120 Chronic irritation of the urothelium may lead to 
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cystitis cystica and glandularis (intestinal metaplasia), which may 
lead to adenocarcinoma. 10> 

Bladder cancer associated with schistosomiasis is usually squa- 
mous cell cancer (SCC) (60-90%) or adenocarcinoma (5-15%) 
and it occurs in relatively young patients (40-50 years old).!7!-124 
SCC can be fungating (exophytic) or ulcerative (endophytic), and 
is often well differentiated or verrucous with a relatively good prog- 
nosis if diagnosed early.!2° However, in developing countries it is 
often diagnosed late and at an incurable stage.!23,!76 


Clinical presentation 


Penetration of the skin by cercariae may cause an urticarial reac- 
tion (‘swimmers itch’) in previously exposed people. Systemic 
manifestations with symptoms of fever, urticaria, cough, myalgia, 
headache, abdominal tenderness, lymphadenopathy, splenomegaly, 
and eosinophilia may occur 2-12 weeks after infestation (Katayama 
syndrome).!27:!28 Active schistosomiasis usually presents with vis- 
ible haematuria and terminal dysuria, usually appearing 10-12 
weeks after infestation. The haematuria can be severe enough 
to cause anaemia, ureteric obstruction, or clot retention.!0129 
Involvement of the seminal vesicles and ejaculatory ducts by S. hae- 
matobium may cause haemospermia or later infertility.31130-131 It 
may also cause scrotal pain or a testicular mass in men, and cervi- 
citis or vaginitis in women. 108 

Added bacterial UTI may occur in up to 50% of patients as a result 
of obstructive uropathy, urolithiasis, or bladder outlet obstruction. 
This may cause lower abdominal or pelvic pain, urinary frequency, 
urgency, and incontinence. Infection caused by non-typhoid 
Salmonella species may occur in some patients, because these 
organisms reside in the invaginations of the schistosome tegument 
where they are protected from host defences and antibiotics. 132133 
In the late chronic phase, suprapubic or pelvic pain with dysuria, 
macroscopic haematuria, and pyuria may be due to bladder ulcers 
or carcinoma. 106-134 

The chronic inactive phase of the disease may remain asympto- 
matic despite gross obstructive hydroureteronephrosis.!3> Renal 
failure is relatively rare, despite severe dilatation of the upper uri- 
nary tracts.!05 Patients who develop renal failure are usually in 


their twenties and have severe disease associated with a heavy egg 
burden.!36 


Diagnosis 

The diagnosis is best established by microscopic detection of ova in 
filtered urine.!°° The peak excretion of S. haematobium ova occurs 
between 10 a.m. and 2 p.m. and is increased by physical exercise 
and fluid intake.!?” The ova of S. haematobium have a spike at one 
end (terminal spike) whereas those of S. mansoni have a lateral 
spike. In the chronic inactive phase no ova are excreted, even in 
patients with severe complications. 

Peripheral blood count may show eosinophilia. Serology does 
not distinguish between active and inactive disease.!0” A plain 
abdominal X-ray may show linear calcification of the bladder wall, 
distal ureters, seminal vesicles, and prostate. The ureter is usually 
dilated and calcification of its wall may cause a ‘tram line’ appear- 
ance.!05 Calcification of the bladder wall usually has an ovoid 
shape. If the calcification is not complete (circumferential) it should 
raise suspicion of bladder cancer (Kisner’s sign) (Fig. 1.6.3).138 
Contrast imaging with IVU or CT-urogram in the early stage may 
show striations in the ureter and renal pelvis or filling defects in the 
bladder or ureter due to polypoid lesions or blood clots.!°? In the 
later stages, it may show hydroureteronephrosis due to aperistalsis 
or stenosis of the ureter, non-functioning of the kidney, or a post- 
void residual if there is bladder neck stenosis. Ureteritis cystica and 
pyelitis cystica are characterized by air bubble-like filling defects 
representing ova deposited in the urothelium.!% In patients with 
bladder cancer, CT may show a bladder mass with interruption 
of the calcification where the tumour infiltrates the bladder wall 
(Fig. 1.6.3). Ultrasonography may show upper tract dilatation, 
thickening of the bladder wall, and polypoid lesions in the bladder 
lumen.!4° Radioisotope diuretic renography can be used to deter- 
mine whether there is obstruction of dilated upper urinary tracts, 
provided renal function is adequate.!!414! 

Cystoscopy is required to exclude bladder cancer in older patients 
with haematuria and no ova on urine microscopy.!4? In the acute 
phase there is hyperaemia and haemorrhage of the bladder wall 
due to active granuloma formation and there may be bladder ulcers 


Fig. 1.6.3 (A) Plain abdominal X-ray and (B) CT showing calcification of the bladder wall, which is incomplete on the right side due to an infiltrating squamous 


cell carcinoma. 
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Fig. 1.6.4 Cystoscopic appearance of ‘silver sand’ (A) and erythematous patches (B) caused by Schistosoma haematobium infestation. 


due to sloughing of necrotic polyps. The chronic inactive phase is 
characterized by patches of ‘silver sand’ appearance on the urothe- 
lium due to calcified ova (Fig. 1.6.4).!°© The ureteric orifices may 
appear dilated (‘golf-hole’) or stenotic. Bladder ulcers may occur in 
the chronic inactive stage and may bleed profusely despite fibrosis 
and ischaemia of the bladder wall. If there is any suspicion of malig- 
nancy, transurethral resection or biopsy should be performed.!*5 


Treatment 
Preventive measures in endemic areas include: 


+ Education of people to avoid contact with potentially contami- 
nated fresh water; 


+ Prohibition of water source contamination by human urine or 
faeces; 


¢ Provision of sanitation and clean water; 
¢ Destruction or biological control of the snail host; 


+ Repeated antischistosomal drug treatment of susceptible popula- 
tions (especially children).1!3.143-146 


All patients diagnosed with schistosomiasis should receive medi- 
cal treatment, whether the disease is clinically considered active or 
inactive. Praziquantel 40 mg/kg as a single oral dose, or two oral 
doses of 20 mg/kg, should be taken with food. The drug appears 
to target the schistosome ion channels.!4” It provides cure rates of 
73-100% for S. haematobium.'!9 The success rate is dose-related, 
increasing from 52% at 40 mg/kg to 91% at 100 mg/kg praziquantel 
in two divided doses.!148 

Side effects are rare and minor, consisting of gastrointesti- 
nal complaints, headache, dizzines, and fever. Urine microscopy 
should be performed one month after treatment to assess efficacy 
and patients with viable ova in the urine should be retreated.!% 
Repeated treatment during childhood may prevent the develop- 
ment of urinary tract disease in adulthood.!4? A meta-analysis has 
shown that praziquantel combined with artemisinin derivatives 
(artemether or artesunate) provides a higher cure rate than prazi- 
quantel alone.!48 


Ureteric obstruction in active disease is usually caused by poly- 
poid bladder lesions encircling the intramural ureter and this 
responds well to medical treatment.134136 Recovery of impaired 
renal function may occur within two months after antischistosomal 
chemotherapy.!°° Surgery should only be considered after effective 
medical treatment (i.e. when urine microscopy shows the absence 
of viable ova). Upper urinary tract obstruction due to a proven ure- 
teric stricture can be managed with luminal dilatation but there is a 
high recurrence rate.151-153 Ureteric meatal stenosis can be treated 
with meatoplasty or transurethral incision of the stenosis. Distal 
ureteric stricture can be managed with reimplatation, although this 
may be difficult if the bladder wall is thick and fibrotic.1061!7.154 
A long or multisegmental ureteric stricture may require construc- 
tion ofa Boari bladder flap, ileal interposition, or replacement of the 
ureter by an ileal tube (Yang-Monti procedure).9°1!7:159.156 When 
all surgical options have failed, long-term stenting or nephrostomy 
drainage may be necessary. Nephrectomy may be indicated if there 
is recurrent pyelonephritis or stone formation in an obstructed kid- 
ney with poor differential function.!5” 

Transurethral resection or fulguration of chronic deep bladder 
ulcers rarely provides symptomatic relief or healing of the ulcer, 
so partial cystectomy may be indicated. Severely decreased bladder 
capacity in chronic inactive disease may be managed with hydro- 
distension, ileocystoplasty, or urinary diversion. Transurethral 
incision of the bladder neck or resection of the prostate may be 
considered if there is evidence of functional bladder outlet obstruc- 
tion.158 SCC associated with schistosomiasis is best treated with 
radical cystectomy. 159-161 


Echinococcosis (hydatid disease) 


Pathogenesis 


Hydatid disease is the larval form of a cestode (tapeworm) of the 
species Echinococcus granulosis or multilocularis.106162163 The 
parasite resides in the intestine of the definitive host, the dog (fox, 
wolf, or other feral carnivores in some areas). Its ova, excreted in 
the faeces, contaminate grass or soil and are then ingested by the 
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intermediate host, the sheep or goat (pig, camel, or reindeer in 
some parts of the world).164165 The human becomes an accidental 
intermediate host by ingesting the ova excreted in the faeces of the 
definitive host. The disease is endemic in sheep-farming areas but 
may occur in any rural area where there is contact between humans 
and the hosts of the parasite.16°167 

The ova hatch in the intestine and enter the bloodstream as larvae. 
They are filtered in the liver and lung, which are the most common 
sites of organ involvement, with the kidney affected in only 2-4% of 
cases.!68-171 Renal hydatidosis is usually associated with other organ 
involvement. Renal hydatid cysts are usually single, arise in the cor- 
tex, enlarge by one or two centimetres per year and may grow to 
over 20 cm in diameter.!0%!72173 Rarely, hydatid cysts may occur at 
other sites (e.g. retrovesical or in the prostate, testis, or ovary). 106173 

Hydatid cysts develop by slow concentric growth over many 
years and have three layers: 


+ Pericyst: outer layer of inflammatory cells and fibroblasts derived 
from the host tissues, which may calcify; 


+ Ectocyst: intermediate, non-nucleated layer made up of delicate 
hyalinized laminations; 


+ Endocyst: inner germinal layer which gives rise to fluid- 
filled brood capsules containing large numbers of larvae 
(scoleces),166-174-176 


The brood capsules are initially attached by a pedicle to the germi- 
nal membrane, but when they detach and move freely in the fluid 
they are called daughter cysts. Hydatid sand consists of free larvae 
and daughter cysts.!77178 


Clinical presentation and diagnosis 


Most patients are asymptomatic.!°> Space occupying effects may 
cause chronic flank or lower back pain.!7*!79!80 Microscopic hae- 
maturia may occur. Rarely, the cyst may rupture into the collecting 
system, causing severe colic and passage of debris resembling grape 
skins in the urine; hydatiduria. 166172181 

Eosinophilia may occur in about half of the cases. The Casoni 
skin test, complement fixation, and other serologic tests are unreli- 
able, but when combined are positive in about 90% of cases, 180.182 
There may be a palpable flank or pelvic mass. Plain X-ray may show 
linear calcification of the cyst wall.106181 [VP/CT-urogram may 
show calyceal distortion or calyectasis due to a cystic mass lesion. If 
the cyst has ruptured into the collecting system, there may be filling 
defects (daughter cysts) in the renal pelvis.!76183 Ultrasound typi- 
cally shows a multicystic or multiloculated mass, but the appear- 
ance may be that of a simple cyst.!84 Changing the position of the 
patient may show moving echoes (‘falling snowflakes’) inside the 
cyst corresponding to hydatid sand.!83!85 CT shows a round, mul- 
tiloculated cystic mass with a well-defined, enhancing membrane, 
containing discrete round daughter cysts with a typical peripheral 
location giving the so-called ‘rosette’ appearance. CT may also 
demonstrate ring-like calcification in the cyst wall and involvement 
of other organs (Fig. 1.6.5),106176,183,186-188 

The cyst fluid is highly antigenic and diagnostic aspiration or 
rupture of the cyst may cause systemic anaphylaxis. Microscopy 
of the cyst fluid for brood capsules or protoscoleces may be false 
negative unless the pathologist is alerted to the possible diagnosis 
of hydatid disease.!®° Serological tests are available, but lack stand- 
ardization.! During surgery, spilling of the cyst content into the 
peritoneum or bloodstream may lead to metastatic infection. 


Fig. 1.6.5 Computed tomogram showing hydatid cyst of the right kidney. 


Treatment 


The primary medical treatment is albendazole 10 mg/kg/day (usu- 
ally 400 mg twice daily) or mebendazole (40-50 mg/kg given over 
three days) continued for at least two years.!©> The response rate 
is 50-60% in cysts <6 cm and 25-50% in cysts >6 cm in diameter, 
with 40% of cysts still active two years after treatment.106190-192 
Combining one of these drugs with praziquantel is more effective 
than either agent alone.!%3 

Therapeutic puncture, aspiration, injection and reaspiration 
(PAIR) is performed under ultrasound guidance with injection of 
a scolicidal agent (20% sodium chloride, 95% alcohol, 0.5% silver 
nitrate, 2% formalin or 1% iodine) and reaspiration after 15-20 
minutes, 187:190.194 Surgical excision of the cyst may be indicated 
for pain or obstruction of the collecting system.!%°-!° Albendazole 
should be given for 14-20 days preoperatively and continued for 3- 
24 months to prevent seeding by daughter cysts.!%? An open or lap- 
aroscopic retroperitoneal approach can be used.!*” Renal-sparing 
surgery (cystectomy plus pericystectomy) is possible in most cases 
and nephrectomy should be reserved for destroyed kidneys compli- 
cated by infection or if malignancy is supected.!7°-198-199 If the wall 
is calcified the larvae are usually dead and surgery is not necessary, 
unless the cyst is causing symptoms or complications. 106-176 


Filariasis 
Pathogenesis 


Lymphatic filariasis is caused by nematodes (roundworms) of the 
species Wuchereria bancrofti, Brugia malayi, or Brugia timori. The 
parasite is transmitted by mosquitoes in tropical and subtropical 
regions.106200 Microfilariae in the blood ingested by female mos- 
quitoes become larvae which reside in the salivary glands of the 
insect and are injected into the skin when the mosquito feeds. In 
humans, the adult filariae migrate to and inhabit the larger lymph 
vessels. The infestation elicits both humoral and cellular immune 
responses. Antifilarial IgE titres rise and eosinophil-mediated kill- 
ing of microfilariae occurs. Histologically, there are massive granu- 
lomas around necrotic filariae. 106200 

Recent studies have indicated that endosymbiotic bacteria of the 
species Wolbachia, rather than the worm itself, may be the cause 
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of this inflammation-mediated filarial disease.2°!-294 Repeated 
episodes of inflammation over many years lead to scar tissue with 
obliteration of the lymphatics and the formation of collateral chan- 
nels which become progressively obstructed, leading to lymphatic 
dilatation.204-207 The disease causes acute lymphadenitis, which 
progresses to chronic lymphadenopathy, lymphatic dilation with 
hydrocele, oedema of the scrotum and lower limbs (elephantiasis), 
and chyluria.2°8:209 


Clinical presentation and diagnosis 


The worms may cause inflammation of the spermatic cord and 
epididymis (funiculoepididymitis) and even of the testis (orchitis). 
There may be episodes of pain in the scrotum, simulating torsion 
or ureteric colic.*!° Cord-like swelling or nodular induration of the 
spermatic cord or testis may occur, simulating testicular tumour or 
torsion.?!! The diagnosis can be confirmed by FNAC.?!? 

Lymphadenitis with suppuration and abscess formation may 
occur—the exudate is bacteriologically sterile but may become 
infected in genital cases.?°3!3 Mild scrotal oedema is common 
during early infection, but penile oedema is rare. Lymph scrotum 
consists of superficial scrotal lymphangiomatosis which may ooze 
chyle through the scrotal skin.*}?!4 Lymphatic obstruction leads 
to progressive scrotal oedema and hydrocoele, which can become 
very large (Fig. 1.6.6).20%?!5 The hydrocele fluid may be milky and 
the tunica vaginalis may be thick and fibrous with cholesterol or 
calcium deposits. Infestation of the femoral lymphatics leads to 
massive lymphoedema of the lower limbs resembling the legs of an 
elephant (‘elephantiasis’). Chyluria (lymph in the urine) is caused 
by obstruction of the renal lymphatics, leading to the rupture of 
lymph varices into the pyelocalyceal system. It usually occurs in 
young adults and may lead to severe protein loss, hypoalbumine- 
mia, and generalized oedema. 

A blood smear may show eosinophilia. Blood samples to detect 
microfilariae must be taken when peak microfilaraemia occurs 
(midnight in the case of W. bancrofti). Laboratory tests include 


Fig. 1.6.6 Massive hydrocele and genital lymphoedema caused by Wuchereria 
bancrofti infestation. 


immunoassays to detect antifilarial antigens and PCR to detect para- 
site DNA.?!6!7 Plain X-rays may show calcified worms. Ultrasound 
may show movement of adult filariae in the lymph vessels (‘filarial 
dance sign).?!8219 Lymphangiography is rarely indicated to dif- 
ferentiate the cause of lymphoedema. Histology is pathognomonic 
when adult worms are observed, but is often false negative. 


Treatment 


Four drugs can be used alone or in various combinations:20:220-227 
+ Diethylcarbamazine (DEC): effective against adult worms; 

+ Ivermectin: effective against microfilariae; 

+ Albendazole: kills both adult worms and microfilariae; 


+ Doxycycline: kills filariae by eradicating the symbiotic Wolbachia 
bacteria. 


Severe immune reactions to the release of antigens by dying filariae 
can be ameliorated by premedication with steroids or antihistamines. 

Filariasis control programmes focus on the prevention of mosquito 
bites and reduction in mosquito numbers and their breeding sites. 
Mass prophylactic treatment programmes using DEC or ivermec- 
tin and treatment of individual patients to reduce transmission are 
also carried out.??6228229 Hydrocelectomy is indicated for large or 
symptomatic hydrocoeles, especially those with buried penis.?30:231 
Complete excision of the hydrocoele sac and ligation or excision of 
dilated lymph vessels are recommended.?? Massive hydrocoele can 
be treated with excision of redundant tissue and reconstruction of 
the scrotum using split-thickness skin grafting.?33234 

The management of chyluria includes: 


+ Bed rest, which may lead to spontaneous remission; 
+ Low fat diet supplemented with medium-chain triglycerides; 
+ Treatment with diethylcarbamazine; 


Diagnostic lymphangiography may sclerose lymphatic fistulas in 
about 50% of cases?3>-?37; 


+ Retrograde ureteropyelography with instillation of a sclerosing 
agent (0.5% silver nitrate or 5% povidone iodine), repeated if 
necessary, is successful in 60-70% of cases?38-40, 


 Nephrolysis: complete mobilization of the kidney with skeletoni- 
zation of the renal vessels and ureter and ligation of all lymphatic 
channels—open or laparoscopic, trans- or retroperitoneal, with 
omental wrap around the hilum.106235.236.239,241 
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Inflammation 
Prostatitis syndrome 


Florian M.E. Wagenlehner, Adrian Pilatz, 
Thomas Bschleipfer, Thorsten Diemer, 
and Wolfgang Weidner 


Definition and classification 


The prostatitis syndrome is one of the most common entities 
encountered in urologic practice. The disease classification put 
forward by the National Institute of Diabetes and Digestive and 
Kidney Diseases (NIDDK)/National Institutes of Health (NIH) 
from 1995 is currently applied in both clinical practice and 
research.! It is based on the clinical presentation of the patient, 
the presence or absence of white blood cells in the expressed 
prostatic secretion (EPS), and the presence or absence of bac- 
teria in the EPS.* Depending upon the duration of symptoms, 
prostatitis is then described as either acute or, if symptoms have 
been present for at least three months, chronic.” This results in 
four categories of prostatitis; namely acute (type I), chronic bac- 
terial (type II), chronic prostatitis/chronic pelvic pain syndrome 
(type III), which is further divided into inflammatory and non- 
inflammatory categories, and finally asymptomatic inflammatory 
prostatitis (type IV).? 


Epidemiology 

Acute bacterial prostatitis is uncommon but acute urinary tract 
infections in males might also involve the prostate in an unknown 
percentage, as indicated by raised serum prostate-specific antigen.4> 

Acute bacterial prostatitis may be subdivided into cases that occur 
spontaneously and those that occur following urological interven- 
tions, such as cystourethroscopy or transrectal prostate biopsy.® 

The incidence of acute and chronic bacterial prostatitis in a 
population-based study was 1.26 cases per 1,000 men per year.’ 
The prevalence of chronic prostatitis/ chronic pelvic pain syndrome 
(CP/CPPS) symptoms in a managed care population was 11.2%.8 
Approximately 10% of men suffering an episode of acute bacterial 
prostatitis go on to suffer chronic bacterial prostatitis and similarly 
10% progress to CP/CPPS.? 

Asymptomatic prostatitis defined as the histological finding of 
prostatic inflammation is found in about 40% of men who undergo 
transrectal biopsy for prostate cancer diagnosis.!° In the andro- 
logical setting, asymptomatic prostatitis may also be found during 
investigation for infertility.!! Elevated reactive oxygen species pro- 
duced predominantly by leucocytes from the prostate are found in 
the semen of 40% to 88% infertile men.!?-15 


Aetiology and pathogenesis 


Acute bacterial prostatitis 


The bacterial spectrum of acute bacterial prostatitis resembles that 
of complicated urinary tract infections, Escherichia coli being the 
most prevalent occurring in 67% of cases, with Pseudomonas aer- 
uginosa in 13%, Klebsiella sp. in 6%, and Gram-positive species 
in 5%.14 In another study, phylogenetic grouping and molecular 
characterization of acute bacterial prostatitis showed that most 
phenotypes were uropathogenic E. coli (UPEC) with a marked 
accumulation of virulence genes characteristic of highly virulent 
uropathogens.!° 


Chronic bacterial prostatitis 


Gram-negative bacteria (especially E. coli) are also responsible for 
the great majority of cases of chronic bacterial prostatitis.1° More 
recent epidemiological studies however suggest a preponderance of 
Gram-positive cocci.!” However, in these latter series, the median 
duration of patients’ symptoms was only 3.5 weeks and there was 
some evidence that localization of Gram-positive bacteria was 
inconsistent in more than 90% of patients.!8 In a reproducible rat 
model of chronic bacterial prostatitis, prostate colonization and 
growth studies showed biofilm formation by causative organisms.!? 
Support for this mechanism of chronic infection comes from in vitro 
studies where E. coli isolates causing prostatitis produced biofilm 
more frequently than those causing other urinary tract infections.” 
The role of Chlamydia trachomatis in chronic prostatitis contin- 
ues to be debated and conclusive evidence for a causative role is 
hampered by possible urethral contamination of collected material 
for culture. Nevertheless, studies investigating anti-C. trachoma- 
tis immunoglobulin A (IgA) in the ejaculate of symptomatic men 
showed that mucosal IgA was detected in 69% of cases, but in none 
of the controls.?! This study suggested that mucosal IgA might be 
a sensitive marker for detection of C. trachomatis in the ejaculate. 


Chronic prostatitis/chronic pelvic pain syndrome 


CP/CPPS in males is a complex disease with a heterogenous and 
incompletely understood aetiology. Comparable to other chronic 
pain syndromes, phenomena of peripheral and central sensitiza- 
tion occur, leading to abnormal chronic pain perception from the 
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areas of the pelvis. A variety of causes may be associated with this 
disease, although cause and effect is always difficult to ascertain.?” 
Nevertheless, there is evidence that neurogenic inflammation trig- 
gered by mast cells in the prostate might play a role in prostate 
derived chronic pelvic pain syndrome.?3 Men with chronic pel- 
vic pain syndrome showed increased mast cell tryptase and nerve 
growth factor in expressed prostatic secretions.?> The differenti- 
ation into inflammatory and non-inflammatory CP/CPPS cur- 
rently remains, although there is no strong evidence that clinical 
management differs according to this classification. 


Asymptomatic prostatitis 


The aetiology of asymptomatic prostatitic inflammation is not well 
understood. Mouse model data reported increased mast cells, mac- 
rophages, neutrophils, and T-lymphocytes in response to elevated 
endogenous estrogens due to aromatase overexpression.74 Chronic 
inflammation, such as proliferative inflammatory atrophy and 
intraepithelial neoplasia, is also linked to premalignant prostatic 
lesions.” Investigations in benign prostatic hyperplasia strongly 
suggest that this disease may also have an inflammatory compo- 
nent perhaps linked to autoimmune mechanisms.”° 


Clinical presentation 


Men with acute bacterial prostatitis are usually systemically unwell, 
with fever and systemic signs of inflammation. The most common 
complications are acute urinary retention and prostatic abscess. 

Symptoms experienced by men with chronic bacterial prostati- 
tis do not necessarily differ from those with CP/CPPS. Therefore, 
NIH categorization cannot be determined from clinical findings 
alone. The exception is where recurrent febrile or afebrile urinary 
tract infections are associated with prostatic symptoms suggesting 
chronic bacterial prostatitis. 

The CP/CPPS is characterized by pelvic pain, voiding symptoms 
and additional individual phenotypic signs, which are however still 
poorly defined. 

In asymptomatic prostatitis, there are by definition no clinical 
symptoms present. 


Diagnosis 
Acute bacterial prostatitis 


Clinical examination should include palpation of the loin, abdo- 
men, bladder region, scrotal contents, and a careful gentle digital 
examination of the prostate. The prostate is usually tender and 
swollen. Accompanying epididymo-orchitis may be present. A ten- 
der suprapubic region could be due to severe cystitis or more often 
due to urinary retention. 

A midstream or catheter urine specimen sent for microbiological 
culture is the only laboratory evaluation of the lower urinary tract 
required. Prostatic massage should not be performed. 

Transrectal ultrasound may be helpful in detecting prostatic 
abscess, if for example there is a swinging pyrexia and poor response 
to initial antibiotic treatment.” Additionally, residual urine meas- 
urement by ultrasound of the bladder should be performed. 


Chronic bacterial prostatitis 


Quantitative sequential bacteriological localization cultures are 
essential. The gold standard is the Meares and Stamey 4-glass test, 


where first voided urine, midstream urine, EPS, and post-prostate 
massage urine are sampled.*® A simpler screening test, the 2-glass 
pre- and post-massage test (PPMT) obtaining a mid stream urine 
before massage and a first stream urine after, is a reasonable alterna- 
tive at least for initial evaluation.2? Semen cultures identify signifi- 
cant bacteriospermia in only about 50% of semen specimens from 
men with chronic bacterial prostatitis. Therefore, semen culture of 
the ejaculate alone is not sufficient for diagnosis.*° 


Chronic prostatitis/chronic pelvic pain syndrome 


As clinical symptoms do not necessarily differentiate chronic bac- 
terial prostatitis from CP/CPPS, quantitative sequential bacterio- 
logical localization cultures are again needed. The prevalence of 
culture-proven chronic bacterial prostatitis in large cohort studies 
ranges from 4.2%! to 7%, indicating that most men with chronic 
symptoms will be categorized as CP/CPPS.!° To further investigate 
disease phenotype in individual men, multiple tools, including 
structured symptom assessment that should encompass urinary, 
pain, sexual and neuropsycological symptoms, and the exclusion of 
obvious aetiological causes may be used. Practice guidelines tend 
to recommend use of the National Institutes of Health Chronic 
Prostatitis Symptom Index (NIH-CPSI).32 


Asymptomatic prostatitis 


Currently no targeted diagnosis for asymptomatic prostatitis is rec- 
ommended. It is generally an incidental finding from histological 
examination of prostate tissue or in patients undergoing infertility 
treatment. 


Therapy and management 


Acute bacterial prostatitis 


Empiric, parenteral administration of high doses of bactericidal 
antibiotics, such as a broad-spectrum penicillin derivative, a third- 
generation cephalosporin, or a fluoroquinolone, is recommended 
until fever and other signs and symptoms of infection subside.*? 
After initial improvement, step-down to an oral regimen, such as a 
fluoroquinolone, if tested susceptible, is appropriate and should be 
prescribed for at least four weeks with appropriate warnings about 
adverse effects.33 

If a prostatic abscess is present, both drainage and conservative 
therapy strategies appear feasible and effective depending on the 
size.*4 In one study, conservative treatment was successful if the 
abscess cavities were smaller than 1 cm in diameter, while larger 
abscesses were better treated by single aspiration or continuous 
drainage.*> 

Approximately 10% of men with acute prostatitis will have uri- 
nary retention.*© which can be managed by suprapubic, intermit- 
tent, or indwelling catheterization; however, suprapubic cystostomy 
placement is generally recommended. The use of catheterization 
without evidence of retention may increase the risk of progression 
to chronic bacterial prostatitis.? Alpha blocker treatment has also 
been recommended, although clinical evidence of benefit is weak 
and of low quality.*? 


Chronic bacterial prostatitis 


Fluoroquinolones are considered the antibiotic of choice for the 
treatment of proven chronic bacterial prostatitis because of their 


favourable pharmacokinetic properties and their broad antimicro- 
bial spectrum, with the best evidence supporting use of ciprofloxa- 
cin or levofloxacin.”-*3 The optimal treatment duration is 28 days. 
Overall, it appears that 60 to 80% of patients with E. coli and other 
enterobacteria can be cured by this regimen. However, prostatitis 
due to resistant enterobacteria, P. aeruginosa and enterococci often 
fails to respond. In these cases and for patients with pathogens 
resistant to fluoroquinolones, but susceptible to trimethoprim- 
sulfamethoxazole, a three-month course of treatment with 
trimethoprim-sulfamethoxazole can be given. In patients with 
pathogens resistant to both fluoroquinolones and trimethoprim- 
sulfamethoxazole, currently no evidence-based recommendation 
can be given and antibiotic choice should be guided by microbio- 
logical advice and local protocols. 


Chronic prostatitis/chronic pelvic pain syndrome 


Various clinical research studies investigating treatment efficacy 
with differing designs, duration, and outcomes have been per- 
formed in men with CP/CPPS. The heterogeneity in design makes 
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summarization and meta-analysis of the evidence difficult. For this 
review, studies have been selected according to the following crite- 
ria (Table 1.7.1): 


1. clearly defined population of CP/CPPS men; 
2. randomized placebo-controlled design; 

3. validated outcome analyses by NIH-CPSI; 

4. English-language journal publication. 


Network meta-analysis of 26 studies selected using these crite- 
riat showed that alpha blockers, antibiotics (fluoroquinolones 
and tetracycline), and combinations of these therapies appeared to 
improve clinical symptom scores compared with placebo, although 
there was evidence of publication bias. Anti-inflammatory thera- 
pies had a lesser but measurable benefit on selected outcomes. 

Another recent meta-analysis* showed that alpha blockers, anti- 
biotics, and combinations of the two did not show statistically or 
clinically significant NIH-CPSI reductions. This meta-analysis how- 
ever found that mepartricin, percutaneous tibial nerve stimulation 


(CP/CPPS) in selected studies 


Active agent Reference Duration Patients (n) Outcome Age mean Total Change in Treatment 
of assessment (SD) NIH-CPSI NIH-CPSI effect 
treatment tool mean (SD) ~~ 

Active Placebo Active Placebo 

Alpha blocker 

Alfuzosin vs. placebo Nickel et al. 20085: 12 weeks 138 134 H-CPS 40.1 (1.4) 244 (0.7) -7.1 -65 0.6 

Doxazosin vs. placebo Tugcu et al. 2007° 24 weeks 30 30 H-CPS 29.1 (5.2) 23.0 (0.4) -12.4 -1.0 114 

Tamsulosin vs. placebo Alexander et al. 6 weeks 49 49 H-CPS 44.6 (3.2) 24.8 (1.7) -44 -34 1 

200474 

Tamsulosin vs. placebo Nickel et al. 200495 6 weeks 27 30 H-CPS 40.8 (21-56) 263 -9.1* -5.5 3.6 

Terazosin vs. placebo Cheah et al. 200356 14 weeks 43 43 H-CPS 35.5 (20-50) 26.2 (1.6) -143*  -102 4.1 

Alfuzosin vs. placebo Mehik et al. 2003% 24 weeks 17 20 H-CPS 49.5 244 -9.9* -3.8 6.1 

Antibiotics 

Ciprofloxacin vs. Alexander et al. 6 weeks 49 49 H-CPS 44.6 (3.2) 24.8 (1.7) -62 -3.4 2.8 

placebo 200454 

Levofloxacin vs. Nickel et al. 2003°8 6 weeks 35 45 H-CPS 56.1 (36-78) 23.0 (1.7) -5.4 -2.9 25 

placebo 

Tetracycline vs. placebo Zhou et al. 2008°? 12 weeks 24 24 H-CPS nr. 34.3 (1.2) -18.5 -1 175 

Hormonal agents 

Finasteride vs. placebo Nickel et al. 200460 24 weeks 33 31 H-CPS 44.4 (0.5) nwt =3.0 -08 2.2 

Mepartricin vs. placebo de Rose et al. 8 weeks 13 (8 H-CPS 32-34 25.0 -15.0 -5.0 10.0 

200461 (18-45) 

Anti-inflammatories 

Rofecoxib 25 mg vs. Nickel et al. 2003°2 6 weeks 53 59 NIH-CPSI 46.8 (2.5) 21.8 (1.1) -49 -42 07 

placebo 

Rofecoxib 50 mg vs. 49 =62 2.0 

placebo 

Prednisolone vs. Bates et al. 200763 4 weks 6 12 NIH-CPSI 40.8 (4.6) 24.3 (3.0) ne. ne. No sig. 

placebo difference 

Celecoxib vs. placebo Zhao et al. 200964 6 weeks 32 32 NIH-CPSI ner. 24.4 (1.4) -8.0 -40 4.0* 
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Table 1.7.1 Continued 


Active agent Reference Duration Patients (n) Outcome Age mean Total Change in Treatment 
of assessment (SD) NIH-CPSI NIH-CPSI effect 
treatment tool mean (SD) 

Active Placebo Active Placebo 

Phytotherapy 

Pollen extract Wagenlehner et al. 12 weeks 70 69 NIH-CPSI 39.5 (8.1) 19.8 (5.2) -7.46 -5.37 2.09* 

(cernilton) vs. placebo 200965 

Quercetin vs. placebo Shoskes et al. 4 weeks 15 13 NIH-CPSI 449 (5.4) 20.6 (2.1) -7.9 -14 6.5* 

199966 

Glycosaminoglycan 

Pentosan polysulfate vs. Nickel et al. 200567 16 weeks 51 49 NIH-CPSI 39.2 (21-59) 26.5 (1.6) -5.9 -3.2 27 

placebo 

Neuroleptics 

Pregabalin vs. placebo Pontari et al. 201068 6 weeks 217 104 NIH-CPS| nw. 26.1 (5.7) 65 -4.3 208 

Antibodies 

Tanezumab 20 mg vs. Nickel et al.®? Single IV 30 32 NIH-CPSI nw. nr. —4.26 233 1.43 

placebo dose 

Multimodal therapy 

Alpha blocker vs. Tugcu et al. 2007° 24 weeks 30 30 NIH-CPSI 29.1 (5.2) 23.0 (0.4) -12.7 -1.0 ‘ig 

alpha blocker + anti- 

inflammatory+ muscle 

relaxant vs. placebo 

Tamsulosin + Alexander et al. 6 weeks 49 49 NIH-CPSI 446 (3.2) 24.8 (1.7) —4.1 -3.4 0.7 

ciprofloxacin vs. 200454 

placebo 

Zafirlukast + Goldmeier et al.’° 4 weeks 10 J NIH-CPSI 35.9 (5.7) nr. No sig. 

doxycycline vs. difference 

placebo + doxycycline 

Physical therapy 

Posterior tibial nerve Kabay et al. 2009! 12 weeks 45 44 H-CPS 37.7 (7.4) nr. -13.4 -14 (2.08 

stimulation vs. 

placebo 

Acupuncture vs. Lee et al. 200872 10 weeks 44 45 H-CPS 40.9-42.8 24.8-25.2  -10 = 4* 

placebo 

Electroacupuncture vs. Lee et al. 20097 6 weeks 12 12 H-CPS 36.4-39.8 255-269 -9.5 -3.5 6* 

placebo 

Extracorporal shock Zimmermann 4 weeks 30 30 H-CPS 42-43 237 ZSO — 3.07. -0.1 35y 

wave therapy vs. et al.’4 

placebo 


*significant difference in NIH-CPSI. Verum vs. placebo. 


(PTNS), and triple therapy comprising doxazosin, ibuprofen, and 
thiocolchicoside (DIT) resulted in clinically and statistically signifi- 
cant reduction in NIH-CPSI total score, although these treatment 
regimens were usually only evaluated by single studies. Approaches 
treating CP/CPPS by single agents rarely resulted in clinically sig- 
nificant improvements. 

Current management and treatment strategies therefore attempt 
to classify men with CP/CPPS into single or combination phe- 
notypes using six symptom domains: urinary, psychosocial, 
organ-specific, infection, neurological and muscle tenderness 
(UPOINT).4%47 A seventh symptom domain, sexual dysfunction, 


can be added (UPOINTS).*® The symptom management approach 
for individual men then follows this phenotyping and patients 
might receive multimodal therapy based on their UPOINT(S) phe- 
notype. For example, the presence of urinary symptoms suggests 
use of alpha blocker or antimuscarinic treatment; psychosocial 
symptoms may suggest use of antidepressants, or talking thera- 
pies. Organ-specific symptoms may indicate trial of phytotherapy. 
Infection signs (having excluded chronic bacterial prostatitis) 
may prompt the use of antimicrobials. Neurologic symptoms will 
indicate further specific neurologic investigations and treatments. 
Physical therapies can be used for muscle tenderness of muscles: 


while sexual dysfunctions may require use of PDE5 inhibitors or 
other alternatives. Multimodal therapy using the UPOINT(S) sys- 
tem was recently evaluated in a cohort study, which suggested it 
leads to significant improvement in symptoms and quality of life in 
84% of patients treated.*? 


Asymptomatic prostatitis 


Active treatment of asymptomatic prostatitis is controversial, with 
possible indications being prevention of prostate cancer and treat- 
ment of subfertility. 

TRAMP (transgenic adenocarcinoma of the mouse prostate) mouse 
models provided evidence that COX-2 inhibition by dietary supple- 
mentation with celecoxib at different doses leads to suppression of 
prostate adenocarcinoma tumour growth in the prostate in a dose- 
dependent manner, and also further limits the growth of metastatic 
prostate cancer.°? There is no evidence at present as to whether this 
effect seen in laboratory animals is transferable to the clinical situation. 

In andrology, it is well known that infection/inflammation 
accounts for a substantial part of male patient infertility. Therefore 
anti-inflammatory treatment is of interest. In a clinical study treat- 
ment with l-arginine, l-carnitine, acetyl-l-carnitine and ginseng 
extracts, an anti-inflammatory agent, together with the quinolone, 
prulifloxacin, improved semen parameters in patients with C. tra- 
chomatis genital infection and oligoasthenoteratozoospermia, com- 
pared to treatment with prulifloxacin therapy alone.>! 

Due to this lack of high level evidence, recommendations regard- 
ing the need for active treatment of asymptomatic prostatitis can- 
not be given. 


Summary 


There is a consensus on the diagnostic and therapeutic manage- 
ment of bacterial prostatitis (acute and chronic). However, increas- 
ing antimicrobial resistance rates for UPEC in respect to quinolones 
pose problems for the future, especially for therapy of chronic bac- 
terial prostatitis. 

In chronic prostatitis/chronic pelvic pain syndrome, the diag- 
nostic approach currently points more and more to an individu- 
alized phenotypic assessment, in an effort to direct multimodal 
management towards improvement of specific symptom domains. 
Most therapy trials for single agents in CP/CPPS have been nega- 
tive, therefore stratification by phenotype followed by individu- 
alized multimodal treatment seems to be a promising strategy, 
although good evidence-based data are not available currently to 
substantiate this. 

Consensus regarding the need for treatment of asymptomatic 
prostatitis is far from being achieved. Therefore, taking the high 
prevalence of infections and inflammations in different asympto- 
matic conditions into consideration, further research is urgently 
needed to address this important field. 
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CHAPTER 1.8 


Inflammation 
Epididymitis and scrotal abscess 


Mary Garthwaite 


Aetiology and pathophysiology 


Epididymo-orchitis and scrotal abscess are most commonly caused 
by bacterial infection. In men over an approximate age thresh- 
old of 35 years, the majority of cases are thought to be due to 
non-sexually transmitted infection with common enteric Gram- 
negative uropathogens, such as Escherichia coli and Enterococcus 
faecium.'~ In this group, infection may also be associated with risk 
factors such as bladder outlet obstruction, recent instrumentation 
of the urinary tract, or systemic illness. Among men under 35 years 
of age, there is clinical consensus that infection is more commonly 
sexually transmitted and causative organisms include Chlamydia 
trachomatis and Neisseria gonorrhoeae. However, men who engage 
in anal intercourse are also at high risk of infection with enteric 
uropathogens. It must be noted that the categorization of these 
groups by age is arbitrary, and a degree of overlap will exist in terms 
of the likely causative organism. 

The pathophysiology of bacterial epididymitis, with or without tes- 
ticular involvement, usually involves the retrograde spread of urinary 
pathogens from the urethra and bladder, via the ejaculatory ducts 
and vas deferens. This leads to bacterial colonization and secondary 
inflammation of the epididymis. The inflammatory process starts 
in the tail of the epididymis and then spreads to the body and head 
of the epididymis. Infection may also reach the epididymis via the 
lymphatics of the spermatic cord and, in rare cases, organisms from 
other foci of infection may reach the epididymis via the bloodstream. 

Tuberculous epididymitis remains rare even though extrapulmo- 
nary tuberculosis (TB) represents 40-45% of TB cases in the UK.4 
It is likely to present in patients from high prevalence countries or 
with a previous history of tuberculosis, and particularly in patients 
with immunodeficiency.” Tuberculous epididymitis has also been 
noted as a complication of Bacille Calmette-Guérin (BCG) instilla- 
tion for treatment of bladder carcinoma.® 

Viral epididymitis is rare in the adult population, but an increase 
of mumps epididymo-orchitis has been seen in the United Kingdom 
due to the 2005 mumps epidemic in a cohort of non-immunized 
adults born between 1982 and 1986.” This complication is thought 
to occur in up to 40% of post-pubertal males. 

Other causes of acute epididymitis include a reversible ster- 
ile epididymitis resulting from therapy with the anti-arrhythmic 
drug amiodarone,® and an association with vasculitic processes 
in Behcet's syndrome and Henock Schonlein purpura.?-!! The 
mechanism underlying non-bacterial epididymitis, whether drug- 
induced or from a vasculitis, is unknown. 


Assessment and diagnosis 


History and examination 


Key diagnostic factors include a history of unilateral scrotal pain 
and swelling. This may occasionally be associated with storage 
lower urinary tract symptoms such as frequency and dysuria. 
Urethral discharge is extremely uncommon. It is important to iden- 
tify the presence of risk factors in the history. Strong risk factors 
include a history of unprotected sexual intercourse, bladder out- 
flow obstruction, and recent instrumentation of the urinary tract 
(including temporary catheterization). Other risk factors include 
immunosuppression, a history of mumps, and potential or known 
exposure to Mycobacterium tuberculosis. 

Signs on examination may include a hot, erythematous, tender 
hemiscrotum associated with palpable, tender swelling of the epi- 
didymis on the affected side. There may be a secondary reactive 
hydrocele, which can make palpation of the body of the testis dif- 
ficult. In severe infection, systemic symptoms such as fever and 
rigours may be reported and intermittent pyrexia may be present. 
A fluctuant swelling or induration of the scrotal skin may indicate 
abscess formation, particularly if fever does not resolve after anti- 
biotic treatment. 


Differential diagnoses 


The most important differential diagnosis is testicular torsion, 
which is a surgical emergency and should be considered in all 
patients presenting with acute scrotal pain. Torsion is more likely 
if the onset of pain is acute and the pain is severe. If it cannot be 
excluded then scrotal exploration must be performed urgently, 
as after six hours testicular salvage becomes decreasingly likely. 
Torsion is more common in children and young men, but it is 
important to recognize that it can occur at any age but is unlikely 
over the age of 50 years. 

Other differential diagnoses in patients with an acute scrotum 
include idiopathic scrotal oedema, testicular tumour, infected 
hydrocele, and strangulated inguinal hernia. Idiopathic scrotal 
oedema usually affects children, but has been reported in adults. 1? 
The common presentation is of an acutely swollen, well-demar- 
cated, red hemiscrotum but the condition is usually painless. 
Testicular tumours are usually painless swellings of gradual onset, 
but can mimic epididymo-orchitis in some cases. Strangulation 
of an inguinal hernia that has previously gone unrecognized can 
result in a ‘scrotal’ mass that is painful and irreducible and may 
be confused with epididymo-orchitis or scrotal abscess. There is 


usually associated nausea and vomiting, and a previous history of 
an intermittent inguinoscrotal swelling. 


Diagnostic tests 

Simple urinalysis using a reagent strip (dipstick) may help to 
identify the presence of urinary tract infection, but it is not 
diagnostic and should not stop further microbiological inves- 
tigation in the form of microscopy and culture of a midstream 
urine specimen. A Gram stain of urethral secretions should be 
examined by microscopy and will determine the presence of pus 
cells and/or Neisseria gonorrhoeae (Gram-negative intracellular 
diplococci). Alternatively, a Gram stain of a centrifuged sample 
of first-pass urine will diagnose urethritis (>10 polymorphonu- 
clear leucocytes per high power field x1000). Urethral secretions 
can also be cultured for Neisseria gonorrhoeae. It is now widely 
recommended that a nucleic acid amplification test (NAAT) be 
performed on a swab sample of urethral secretions or first-pass 
urine sample for Neisseria gonorrhoeae and Chlamydia trachoma- 
tis. A blood culture should be performed if bloodstream infec- 
tion is suspected. 

If there is immediate access to colour Doppler ultrasound, this 
can be used to assess blood flow to the testis, but sensitivity for tor- 
sion remains less than 100% and should not replace scrotal explora- 
tion if any suspicion of testicular torsion persists (Fig. 1.8.1). An 
ultrasound scan (USS) may be useful to resolve diagnostic uncer- 
tainty in confirming the presence of an infected hydrocele, testicu- 
lar tumour, or idiopathic scrotal oedema. 

If mumps epididymo-orchitis is suspected, mumps IgM/IgG 
serology should be tested. If tuberculous epididymitis is suspected, 
then three early morning urine samples should be obtained and 
tested for alcohol- and acid-fast bacilli. However, a negative result 
does not exclude the diagnosis. If there is a high index of suspicion, 


CHAPTER 1.8 INFLAMMATION 


it is recommended that further tests be performed, including renal 
tract ultrasound scan (USS), urography, epididymal biopsy, and 
imaging of the chest to detect pulmonary lesions. 


Management 


The aims of treatment of epididymo-orchitis are to relieve symp- 
toms, eradicate the infection, and prevent complications. In sexu- 
ally transmitted infection, a further aim is to prevent transmission 
to others. 

Conservative measures such as bed rest, supportive underwear, 
and simple analgesia, including the use of non-steroidal anti- 
inflammatory drugs, should be implemented regardless of cause. 
All patients with suspected bacterial epididymo-orchitis should 
be commenced on empirical antibiotic therapy before culture or 
NAAT results are available. The choice of antibiotics and route 
of administration will depend on illness severity, age, sexual his- 
tory and other associated risk factors, including recent urinary 
tract instrumentation, bladder outflow obstruction, systemic 
disease, or immunosuppression, together with local guidance on 
antimicrobial use. 

If the patient is unwell with signs of systemic sepsis, they will 
require admission to hospital for intravenous antibiotic and fluid 
replacement therapy. Surgical incision and drainage, with or with- 
out removal of the affected epididymis and testis, is indicated when 
a scrotal abscess is present, or if signs of active infection do not 
resolve with antibiotic therapy. 

Current guidelines from the United States for the treatment of 
epididymo-orchitis most probably due to a sexually transmitted 
pathogen recommend a single dose of ceftriaxone 250 mg, intra- 
muscularly, plus oral 100 mg doxycycline, twice daily for 14 days. 
If test results are negative for Neisseria gonorrhoeae or infection is 


Fig. 1.8.1 Scrotal ultrasound image of testis and head of epididymis. High blood flow is demonstrated within the area of interest (within the white square) localized to 


rete testis and head of epididymis suggesting the presence of epididymo-orchitis. 
Reproduced courtesy of South Tees Hospitals NHS Foundation Trust. 
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likely to be caused by enteric organisms, empirical therapy with 
a quinolone is recommended. Guidelines from the United States 
and Europe suggest either 500 mg levofloxacin orally once daily 
for 10 days, or ofloxacin 300 mg orally twice a day for 10 days.>4 
Ciprofloxacin 500 mg twice a day for 10 days is a reasonable alter- 
native. Antibiotic use should conform to local guidance, and step 
down from intravenous to oral therapy should occur as soon as 
possible. 

If a diagnosis of bacterial epididymo-orchitis has been made but 
symptoms fail to improve after empirical antibiotic treatment, the 
patient should be reassessed fully. The persistence or worsening of 
symptoms may indicate complications such as abscess formation 
and testicular infarction, or suggest the presence of atypical infec- 
tions (tubercular or fungal epididymitis) or underlying tumour. 
USS or surgical exploration should be considered in such cases. 

Rare causes of epididymo-orchitis often resolve with conserva- 
tive measures and treatment of the underlying cause. For exam- 
ple, in drug-induced acute epididymitis due to amiodarone, dose 
reduction, or discontinuation of the drug should result in rapid 
resolution of the symptoms. Treatment of tuberculous epididymitis 
will require specialist referral, as the choice of systemic antibiotics 
should follow local guidelines given the geographical variability in 
TB strains and antibiotic resistance patterns. The National Institute 
for Health and Care Excellence (NICE) guideline recommenda- 
tion for the treatment of active genitourinary TB is a six-month, 
four-drug initial regimen (six months of isoniazid and rifampicin, 
supplemented in the first two months with pyrazinamide and 
ethambutol). The use of combination tablets is recommended to 
improve adherence to treatment and prevent accidental or inad- 
vertent single drug therapy which can quickly lead to acquired 
drug resistance in active TB disease. Combination tablets are usu- 
ally designed for a daily dosing schedule, which will help minimize 
side effects.1° 


Complications 


The risk of complications is minimized by prompt antibiotic treat- 
ment using an appropriate agent with adherence by the patient to 
the prescribed course. 

Scrotal swelling including reactive hydrocele formation is com- 
mon and will resolve spontaneously, but patients should be made 
aware that this might take several weeks. Significant abscess for- 
mation requires surgical drainage and an infected hydrocele often 
requires the same intervention. 

Infarction of the testicle is a rare complication. It results from 
occlusion of the testicular blood vessels, either due to involvement of 
the cord in the inflammatory process or from extrinsic compression 
by the oedematous epididymis. Ultimately, the testicle will atrophy 
and this may compromise future fertility. Testicular atrophy is also 
a recognized complication of mumps epididymo-orchitis. In cases 
with bilateral orchitis, 13% will have reduced fertility in the future.” 

If the infection is inadequately treated the inflammatory pro- 
cess can lead to scarring and obstruction of the epididymis, which 
may result in subfertility or infertility. Although the relationship 
between epididymo-orchitis and infertility is not fully understood, 
men who present with obstructive azoospermia are often found to 
have epididymal obstruction when explored for sperm retrieval. 
It is thought that such epididymal obstruction is likely to be the 


consequence of previously unrecognized or incompletely treated 
infection. The use of corticosteroids in the acute treatment of 
epididymo-orchitis has not been shown to confer any significant 
benefit in reducing the risk of developing epididymal obstruction. 16 

The development of chronic pain following acute epididymitis 
is rare and little is known about its aetiology and pathogenesis.” 
Management is based on reassurance and supportive treatment 
with analgesics. Epididymectomy is considered only in extreme 
cases and may not resolve the symptoms. 


Summary 


In cases of infectious epididymo-orchitis, symptoms often resolve 
quickly following the initiation of antibiotic therapy, which can lead 
to non-adherence with treatment and recurrence. Further follow- 
up is therefore recommended at two weeks to assess treatment 
adherence, confirmation of causative organism, partner notifica- 
tion, and resolution of symptoms.!® 

Patients with a proven sexually transmitted epididymo-orchitis 
and those with an indeterminate cause with negative midstream 
urine (MSU) should be recommended to attend for screening for 
other sexually transmitted diseases.!8 The evaluation and treatment 
of all current and recent sexual partners is also recommended in 
order to prevent illness and complications, and also to prevent re- 
infection of the index patient.!9 

In cases of non-sexually transmitted epididymitis caused by enteric 
pathogens, investigation for underlying lower urinary tract pathol- 
ogy, such as bladder outflow obstruction, should be undertaken once 
the patient has fully recovered. Appropriate investigations include 
flowmetry, renal tract USS, and possibly flexible cystoscopy. 
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CHAPTER 1.9 


Inflammation 
Fournier's gangrene 


Francesco Greco and Paolo Fornara 


Introduction to Fournier’s gangrene 


Fournier’s gangrene (FG) defines a life-threatening, rapidly pro- 
gressive, necrotizing fasciitis of the external genitalia and peri- 
neum, which can extend up to the abdominal wall between fascial 
planes. It was first described in 1883 by Jean Alfred Fournier, a 
French dermatologist and venereologist, who reported a series of 
five men with fatal gangrene of the genitalia.! 

In current practice, mortality has reduced and most cases occur 
in elderly men with an identifiable cause such as anorectal sepsis 
or urogenital trauma associated with infection and an underlying 
immunodeficiency.” The number of cases is increasing due to 
population ageing, the higher prevalence of diabetes, and the wider 
use of immunosuppressive treatment. 

Despite advances in intensive care, FG remains a serious and 
potentially lethal condition due to progressive and overwhelming 
infection-related necrosis with mortality rates of 7-45%.4-© The 
heterogeneity of FG presentation makes it difficult to guide clin- 
ical practice.’ Clinicians therefore need to be alert to consider and 
make the diagnosis, particularly in elderly men presenting with 
non-specific signs and symptoms. 


Epidemiology 

Fournier's gangrene is rare, with an approximate overall incidence 
of 1.6 per 100,000 males per year. A registry study from the United 
States showed a male:female ratio of 40:1.° The lower incidence in 
females may relate to better drainage of the perineal region through 
vaginal secretions. The incidence increases with age peaking at 
50 years with 3.3 cases per 100,000 males per year. 

There is a geographical bias in the United States with the highest 
incidence in the south, and lowest in the west and midwest. This 
may be related to prevalence of diabetes with an estimated increase 
in incidence of FG of 0.2/100,000 males for each 1% increase in 
diabetes prevalence. Male homosexuals may be at higher risk, 
especially to resistant bacterial strains.’ Fournier’s gangrene in a 
patient with acquired immune deficiency syndrome (AIDS) was 
first reported in 1991 with 12 subsequent case reports.” It has been 
suggested that HIV-induced immunosuppression can contribute to 
progression from minor perianal infections to FG.!° 


Aetiology 


Triggering event 


The necrotizing process commonly originates from an infection 
in the anorectum, urogenital tract, or skin of the genitalia.!! The 


triggering event may relate to accidental or surgical trauma, the 
presence of foreign material, perianal or perirectal abscess, colonic 
perforation, urethral stricture with urinary extravasation, and 
epididymo-orchitis.4 In women cases have been reported related 
to septic abortions, vulval or Bartholin gland abscess, and hysterec- 
tomy, while in children, strangulated inguinal hernia, circumcision, 
urethral instrumentation, perirectal abscess, systemic infections, 
and burns have all led to the disease.® Poor perineal hygiene or the 
presence of long-term indwelling catheters, such as in patients with 
paraplegia, also pose an increased risk.45811 


Microbiology 


Fournier's gangrene is typically a polymicrobial infection. 
Escherichia coli is the predominant aerobe, and Bacteroides spp. 
the predominant anaerobe. Other organisms commonly present 
are Gram-negative rods such as Proteus sp., Pseudomonas sp. and 
Klebsiella sp., and Gram-positive cocci such as Staphylococcus sp. 
(including methicillin-resistant Staphylococcus aureus (MRSA)), 
Enterococcus sp., aerobic and anaerobic Streptococcus sp., together 
with Clostridium sp.81112 


Predisposition 


Any condition resulting in immune deficiency may predispose a 
patient to the development of FG. Diabetes mellitus is present in 
up to 60% of cases, and alcoholism, extremes of age, malignancy, 
chronic steroid use, cytotoxic drugs, lymphoproliferative disease, 
malnutrition and human immunodeficiency virus (HIV) infection 
have all been implicated.8!! 


Pathophysiology 


The disease initially causes necrosis of the skin, fascia of the scrotum, 
penis, and perineum with subsequent spread through fascial planes 
to the pelvis and abdomen. This process leads to blood stream infec- 
tion, disturbance of the microcirculation, and circulatory collapse. 
The aetiologic factors allow the entry of microorganism into the 
perineum. Compromised immunity provides a favourable environ- 
ment to initiate the infection, and the virulence of the microorgan- 
ism promotes the rapid spread of the disease. Bacterial virulence 
results from the production of toxins or enzymes that create an 
environment conducive to rapid multiplication and spread along 
tissue planes amplified by synergistic activity of the mixed bacterial 
population.® These include thrombosis disrupting local blood sup- 
ply and leading to tissue hypoxia, facilitating further growth of fac- 
ultative anaerobes and microaerophilic organisms, and lecithinases 


and collagenases which digest fascial barriers, opening the way to 
rapid extension of the infection. For this reason, testicular involve- 
ment is rare in Fournier’s gangrene given its separate blood sup- 
ply.!3 Severe or fulminant Fournier’s gangrene can spread from the 
fascia, enveloping the genitalia throughout the perineum, into the 
pelvis, along the trunk, and thighs. 


Clinical presentation 


Fournier’s gangrene typically begins with pruritus and discomfort 
of the external genitalia. The visible lesion is generally on the penis, 
scrotum, or perineum (Fig. 1.9.1). It is important to be aware that 
the appearance of skin overlying the affected region may vary with 
normal, erythematous, oedematous, cyanotic, blistered, and gan- 
grenous changes all being seen (Table 1.9.1). At the time of pres- 
entation to hospital, there is often associated oedema, scrotal pain, 
crepitus, feculent odour and either fever over 38°C or hypothermia, 
together with systemic signs of circulatory disturbance.!! 


Diagnosis 

Diagnosis of FG is made in a clinical setting, considering the history 
and findings on examination. Urinalysis and blood investigations 
can identify associated factors such as diabetes and demonstrate 
raised inflammatory markers. Bacteriological evaluation of fluid 
from the lesion, urine, and blood are required to help guide later 
antibiotic therapy. Imaging can help determine the likely extent of 
disease, but is not a substitute for surgical exploration. The most 
useful modality is computed tomography (CT). This can identify 
soft tissue thickening, fluid collection or abscess, fat stranding 
around involved structures, and subcutaneous emphysema along 
fascial planes. The underlying cause may also be demonstrated.!4 
Possible alternative diagnoses include scrotal injury, strangulated 
scrotal hernia, and inflammatory disease.!4 


Multimodality therapy 
Immediate resuscitation 


Fournier’s gangrene is a surgical emergency. Delay in first debride- 
ment of a necrotizing tissue infection worsens outcome.*!> Early 


Fig. 1.9.1 Necrosis of the scrotal skin. 


CHAPTER 1.9 INFLAMMATION 


Table 1.9.1 Localization and symptoms of Fournier's gangrene 


Localization Percentage of cases (%) 
Penis and scrotum 44 
Scrotum and perineum 56 
Symptoms 

Scrotal oedema 61 
Scrotal pain 83 
Signs 

Crepitus 53.6 
Feculent odour 100 
Fever >38°C 26.8 
Leucocytosis 85.4 


Reproduced with permission from Wagner S et al, ‘Is intensive multimodality 
therapy the best treatment for Fournier gangrene? Evaluation of clinical outcome 
and survival rate of 41 patients, Surgical Infection, Volume 12, Issue 5, pp. 379-83, 
Copyright © 2011 Mary Ann Liebert, Inc. Publishers, DOI:10.1089/sur.2010.091 


admission, rapid diagnosis, and effective treatment are crucial 
components in achieving a successful outcome. Immediate treat- 
ment includes resuscitative measures such as correction of hypo- 
volaemia and hypoperfusion, empirical broad-spectrum parenteral 
antimicrobial therapy, oxygen, and analgesia. The antibiotic regi- 
men will depend on local guidance but will typically include: 


+ a penicillin against streptococci; 
metronidazole against anaerobes; 


+ a cephalosporin combined with gentamicin against Gram- 
negative organisms. 


Surgical debridement 


Urinary diversion via a suprapubic cystostomy is appropriate for 
FG affecting the penis or urethra. Use of catheterization or colos- 
tomy should be pragmatic, and guided by the patient’s individual 
cicrumstances.® Surgical therapy remains the most immediate 
and necessary step for successful treatment of FG, preferably per- 
formed when the disease is still localized, and will involve extensive 
debridement of the necrotic scrotum and postoperative placement 
of an occlusive dressing with or without negative pressure drainage 
(Figs 1.9.2 and 1.9.3).!! Tissue should be sent for microbiological 
culture and histology. 

A ‘second look’ under general anaesthesia should be performed 
within 48 hours and further debridement performed if needed. 
Orchidectomy can occasionally be required if the testis become 
gangrenous? and similarly, although involvement of the corpora 
cavernosa is rare, thrombosis and subsequent need for debride- 
ment has been described.!® Repeated debridement should then be 
continued at appropriate intervals until all necrotic tissue has been 
removed and the wound is starting to granulate. 


Adjunctive therapies 

Antibiotic regimen should be refined in the light of culture results 
and step-down to oral therapy instituted according to local guid- 
ance. A number of other adjunctive treatments have been trialled, 
but there is no high-level evidence to support their routine use. 
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Fig. 1.9.2 Appearance of scrotum after radical debridement. 


These treatments include hyperbaric oxygen therapy,*!7-!9 which 
aims to increase tissue oxygenation to inhibit anaerobic bacteria 
while limiting necrosis and enhancing demarcation of gangrene,® 
and pooled immunoglobulin therapy. 


The often extensive loss of scrotal skin requires primary closure, 
secondary healing, or more commonly plastic reconstruction using 
flaps or grafts (Fig. 1.9.4). 


Early diagnosis and immediate extensive surgical debridement 
with broad-spectrum empirical antibiotics and fluid resuscita- 
tion represent the main steps in achieving a successful outcome 
and increasing the chance of patient survival. Mortality risk can 
be semi-objectively evaluated and patients categorized using the 
Fournier’s gangrene severity index (FGSI), which includes nine 


Fig. 1.9.3 Application of negative pressure dressing to debrided wound. 


Fig. 1.9.4 Active wound granulation ready for flap or graft reconstruction. 


metabolic and physiologic parameters and assigns severity scores 
for abnormal values.”° In a validation study, the originators identi- 
fied a value of 9 as being a critical threshold, with scores >9 sug- 
gesting a 75% probability of death and scores <9 associated with 
a 78% probability of survival.2° Subsequent studies were unable 
to reproduce this predictive value.” Other factors associated with 
poor prognosis include an anorectal source, advanced age, diabetes, 
extensive disease (involving abdominal wall or thighs), septic shock 
at presentation, renal failure, and hepatic dysfunction. The mortal- 
ity of 7-45% usually results from systemic effects such as sepsis, 
coagulopathy, diabetic ketoacidosis, or acute renal failure leading 
to multiple organ failure.>-+8 


Despite the development of modern intensive care and antibi- 
otic therapy, Fournier’s gangrene remains a fulminant and life- 
threatening disease, with a high mortality. Poor prognosis has been 
demonstrated in patients with clinical and biochemical evidence 
of severe sepsis. Early diagnosis and immediate aggressive multi- 
modality therapy with surgical debridement and broad-spectrum 
empirical antibiotics is crucial to improve survival in patients with 
necrotizing infections. The role of adjuncts such as hyperbaric oxy- 
gen remains unproven. 
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CHAPTER 1.10 


Sexually transmitted infection 


Emma J. McCarty and Wallace Dinsmore 


Introduction to sexually transmitted 
infections 


The term venereal disease has been replaced by sexually transmit- 
ted infection (STI). These infections frequently present to urology 
departments. In the United Kingdom, they are usually investigated 
in genitourinary medicine clinics and in Europe by dermatovenere- 
ologists. In the United States, infectious diseases physicians inves- 
tigate these conditions but the majority of patients are treated in 
primary care. The aim of this chapter is to outline the major STIs 
and indicate how they may be relevant to the practice of urologists. 

Sexually transmitted infections are extremely common, with 
approximately 448 million infections being diagnosed globally per 
year.! These include 12 million cases of syphilis, 92 million of chla- 
mydia, 62 million of gonorrhoea, and 174 million of trichomonas. 
In addition, there were an estimated 34 million people living with 
human immunodeficiency virus (HIV) in 2010, with approxi- 
mately 2.7 million new HIV infections diagnosed annually.” It is 
important to note that HIV and syphilis in particular can mimic 
many other pathological processes and should be included in many 
urological differential diagnoses. Later consequences of STIs, par- 
ticularly urethral stricture and infertility, will also require assess- 
ment and treatment. A working knowledge of STIs and the ability 
to take a considered and careful sexual history is therefore essential 
for all those practising in the field of urology. 


Non-specific urethritis 


Non-specific genital infection refers to a urethral discharge which 
is not caused by Neisseria gonorrhoea (i.e. non-gonococcal). This is 
frequently caused by chlamydia (approximately 50%) and a range 
of various other organisms including ureaplasma, mycoplasma, 
bacterial vaginosis, candida, and herpes simplex.? 


Symptoms 

A urethral discharge occurs in the majority of males, which may be 
clear or mucoid. This discharge may be minimal and present only 
as a slight moistness. It is frequently accompanied by redness of 
the urethral meatus and dysuria. There may be a history of a new 
sexual partner within the previous two to three weeks. This condi- 
tion frequently presents to urology services and will often lead to 
cystoscopy as part of the investigative pathway for dysuria. A care- 
ful sexual history will enable the patient to be more appropriately 
investigated and managed. 


Investigation 


A loop may be inserted into the urethral meatus to sample the 
discharge. A Gram stain is conducted, with the presence of more 


than five pus cells per high power field (x1,000 magnification) 
confirming the diagnosis in the absence of Neisseria gonorrhoea. 
Detection of specific DNA segments from Chlamydia trachomatis 
and Neisseria gonorrhoea using polymerase chain reaction (PCR) 
on a urine sample is now part of the standard investigation of this 
condition. Midstream specimen of urine is frequently taken if urin- 
ary tract infection is suspected; however, this is usually negative in 
non-specific urethritis. 


Management 


Patients should be advised to abstain from sexual intercourse until 
the infection is treated in the patient and their partner. All sexual 
partners should be contacted and are treated empirically regardless 
of their symptoms or laboratory results. The treatment of choice is 
azithromycin 1 g as a single oral dose or doxycycline 100 mg twice 
daily for seven days. In some cases the condition may be persistent 
or relapsing without a new sexual risk and despite adequate ini- 
tial treatment. It may be diagnosed by symptoms and the continu- 
ing presence of leucocytes on a Gram stain. Recurrence should be 
treated by azithromycin 500 mg as a single oral dose, followed by 
250 mg once daily for six days, together with metronidazole 400 mg 
twice daily for one week. 


Chlamydia trachomatis 
Aetiology 


Chlamydia trachomatis is the commonest bacterial sexually trans- 
mitted infection worldwide. Its prevalence among sexually active 
individuals in the United Kingdom is 1.6%-12.7%, with the highest 
incidence in females aged 16-19 and males aged 20-24 years. Risk 
factors for chlamydial infection are being under 25 years of age, 
having a new sexual partner in the last year, ethnic minority status, 
and inconsistent condom use. Transmission of chlamydia after a 
single episode of unprotected penetrative sex is approximately 10%. 
It can infect a number of sites including the genitalia, nasopharynx, 
rectum, and conjunctiva. 


Symptoms and signs 
Genital infection 
Female 

e 70% asymptomatic 


e Symptoms include post-coital/intermenstrual bleeding, lower 
abdominal pain, increased vaginal discharge, and dysuria 


e Signs may include mucopurulent cervicitis (mucopuru- 
lent discharge and friability of cervix) on vaginal speculum 
examination 


+ Male 
e 50% asymptomatic 
e Symptoms include dysuria and urethral discharge 


e Signs may include cloudy or clear urethral discharge and ery- 
thema of urethral meatus 


Rectal infection 

+ Usually asymptomatic but may cause anal discharge and proctitis 
Pharyngeal infection 

+ Usually asymptomatic 


Conjunctival infection 
+ Concomitant anogenital infection in 60-70% 


+ Usually a unilateral conjunctivitis caused by direct or manual 
transfer of genital chlamydial infection to the eye 


Complications 


Pelvic inflammatory disease (PID) will occur in 10-40% of 
untreated chlamydial infection in women. This can result in infer- 
tility, ectopic pregnancy, and chronic pelvic pain syndrome. The 
risk of PID increases with each episode of chlamydia infection.>4 


+ Fitz-Hugh-Curtis syndrome (perihepatitis) 
+ Epididymo-orchitis in men 


+ Sexually acquired reactive arthritis (Reiter’s syndrome) 


Investigation 


Nucleic acid amplification tests (NAAT) are routinely used for the 
diagnosis of chlamydia. This method is more sensitive (90-100%) 
and specific (99%) than the previously available tests, such as cul- 
ture (Fig. 1.10.1). Testing is non-invasive using a first void urine 
sample for males and an endocervical swab (or self-taken vulvo- 
vaginal swab) from females. Other sites which can be swabbed 
for chlamydia infection using NAAT test include the rectum and 
throat. 


Management 


The following are recommended antibiotics for the treatment of 
chlamydial infection: 


First line: Azithromycin 1 g orally single dose* 


Doxycycline 100 mg orally twice daily for 7 days 


Alternative: Erythromycin 500mg orally twice daily for 10-14 days* 
Ofloxacin 200 mg orally twice daily or 400 mg once 
daily for 7 days 


*Recommended treatment in pregnancy 


A test of cure is not routinely recommended following treatment, 
unless the patient is pregnant or there is reason to suspect reacquisi- 
tion or poor adherence to treatment. Patients should be advised to 
abstain from sexual intercourse (including oral sex) for one week 
after both they and their partner are treated. Partner notification is 
extremely important in the management of chlamydia. In sympto- 
matic males, the look-back period is two weeks or until the last sexual 
partner. In asymptomatic males and all females, the look-back period 
for contact tracing is three months, or until the last sexual partner. 


CHAPTER 1.10 SEXUALLY TRANSMITTED INFECTION 


Fig. 1.10.1 Dark-ground trachomatis vaginalis. 

Reproduced from Richard Pattman et al. (Eds.), Oxford Handbook of Genitourinary Medicine, 
HIV, and Sexual Health, Second Edition, Plate 8, Oxford University Press, Oxford, UK, Copyright 
© 2010, with permission from Oxford University Press. 


Lymphogranuloma venereum 
Aetiology 


Lymphogranuloma venereum (LGV) is caused by the invasive sero- 
vars (L1-L3) of Chlamydia trachomatis. Until 2003, this infection 
was uncommon outside endemic areas such as South Africa, India, 
Madagascar, and Caribbean countries. Reports emerged in the last 
10 years of outbreaks of LGV proctitis in Europe, primarily among 
men having sex with men (MSM). These outbreaks tended to occur 
in white MSMs, often coinfected with HIV. Risk factors included 
group sex, use of sex toys, and high risk sexual practices such as 
fisting. 


Symptoms and signs 
LGV has three clinical stages: 


+ Primary 
A small painless papule appears at the site of inoculation within 
3-30 days in 30-50% patients. It may go unnoticed and typically 
heals without scarring. 


+ Secondary (inguinal syndrome) 

Usually occurs within 1-6 weeks of primary infection, but may 
be up to 6 months later. The majority (70%) of males with LGV 
develop unilateral inguinal lymphadenopathy. Only 15-30% 
females are found to have inguinal lymphadenopathy as lesions 
in the vulva, vagina, or anus will preferentially drain to pelvic 
or perirectal nodes. Other symptoms include fever, arthralgia, 
hepatitis, and skin lesions (erythema nodosum or erythema 
multiforme). 
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+ Tertiary (anorectal syndrome) 
This stage usually occurs in females and MSM as a result of lesions 
draining into perirectal lymph nodes. Patients present with proc- 
tocolitis including rectal discharge, bleeding, pain on defaecation, 
and constitutional symptoms such as fever and malaise. 


Complications 


Chronic untreated infection may lead to fistula formation, stric- 
tures, abscesses, and scarring. Lymphoedema of the external geni- 
talia may occur and may lead to elephantiasis. 


Diagnosis 

A swab for chlamydia PCR should be obtained from the relevant 
site (e.g. rectal, throat). If the swab is chlamydia positive and LGV is 
clinically suspected, further genotypic testing at a specialist labora- 
tory is conducted to confirm the presence of serovars L1-3. 


Management 


The recommended antibiotic regime is doxycycline 100 mg twice 
daily for three weeks or erythomycin 500 mg four times daily for 
three weeks. 


Gonorrhoea 
Aetiology 


Gonorrhoea is caused by Neisseria gonorrhoea; a Gram-negative 
diplococcus found within polymorphs (Fig. 1.10.2). Infection does 
not confer future immunity and repeated infections are common. 
Gonorrhoea is often associated with other sexually acquired infec- 
tions, particularly chlamydia. It is typically transmitted through 
sexual exposure, although other routes are possible. Gonorrhoea 
is particularly infectious, with a 60-80% chance of transmission 
from male to female and a 20% chance from female to male during 
one episode of sex. Rates of gonorrhoea are increasing worldwide, 
partly due to increasing rates of unsafe sex and also due to increased 
sensitivity of commercially available tests with more rapid and ear- 
lier diagnosis.4 


Fig. 1.10.2 Gonorrhoea Gram stain. 

Reproduced from Richard Pattman et al. (Eds.), Oxford Handbook of Genitourinary Medicine, 
HIV, and Sexual Health, Second Edition, Plate 6, Oxford University Press, Oxford, UK, Copyright 
© 2010, with permission from Oxford University Press. 


Symptoms and signs 

Male: 

¢ Purulent yellow urethral discharge in 80% 
+ Dysuria in 50-60% 

Symptoms usually occur 2-8 days after sexual exposure 
Female: 

Over 50% of females are asymptomatic 

+ Increased vaginal discharge 

+ Dysuria 

+ Lower abdominal pain 20% 

+ Irregular menstrual bleeding 


Other sites for infection include phaynx, rectum, and conjunctiva. 
Pharyngeal infection is usually asymptomatic and detected through 
routine screening in high risk groups. Rectal infection will result 
in symptoms in approximately 15%, including anal discharge, pru- 
ritis, tenesmus, and bleeding. Conjunctival infection presents as 
unilateral or bilateral inflammation and discharge; if untreated, this 
can lead to blindness. 


Diagnosis 

In a symptomatic patient, a swab is taken from the relevant site 
(urethra, endocervix, or rectum), and microscopy following Gram- 
staining may show classical Gram-negative intracellular (within 
polymorphs) diplococci. Culture using the appropriate medium 
will enable antibiotic sensitivities to be obtained. This is particu- 
larly important due to increasing worldwide resistance to most 
antibiotics. More recently, PCR testing using gonorrhoea NAAT 
has become available. This has much greater sensitivity than cul- 
ture, particularly for specimens obtained from the pharynx and the 
rectum. It has resulted in greater ease in testing for gonorrhoea— 
swabs should be taken from the cervix, throat, and rectum, and a 
first void specimen of urine to detect urethral infection. 


Treatment 


The recommended treatment at present is ceftriaxone 500 mg intra- 
muscular.” A single dose of 1 g azithromycin orally should also be 
given regardless of chlamydia detection result. It is important to 
obtain culture from the site of gonorrhoea prior to antibiotic treat- 
ment. A test of cure is carried out at least two weeks after comple- 
tion of treatment. 


Complications 


There are numerous complications associated with gonorrhoea 
infection, including perihepatitis, septic arthritis, prostatitis, ure- 
thral stricture, epididymal obstruction, and pelvic inflammatory 
disease. 


Anogenital warts 


Aetiology 


Genital warts are the most frequently diagnosed STI in developed 
countries. There are over 100 different genotypes of human pap- 
illoma virus (HPV), however subtypes 6 and 11 account for the 
majority of cases of genital warts. These are non-oncogenic (or 
‘low-risk’) compared with ‘high risk HPV types 16 and 18, which 


are detected in >95% of cervical neoplasms. Genital HPV DNA 
may be found in 10-20% of young sexually active adults; however, 
only approximately 1 in 10 of these individuals will develop geni- 
tal warts. The lifetime risk of carrying at least one HPV subtype is 
thought to be as high as 80%. Smoking increases the risk of HPV 
infection and also results in higher recurrence rates. Transmission 
of HPV virus is primarily through sexual activity (including 
non-penetrative contact), however perinatal and digital-genital 
transmission may occur. The median incubation period is three 
months, but may be significantly longer. Warts are usually evident 
in areas where friction or abrasion occurs during intercourse (see 
Fig. 1.10.3). 


Symptoms and signs 


Warts do not generally cause discomfort but occasionally itching may 
be reported. Lesions may be disfiguring and often cause significant 
psychological distress. The appearance is variable and often depends 
on the affected site. Soft, fleshy warts (condylomata acuminata) are 
often seen moist skin such as the glans penis, female introitus, and 
anal margin. Keratinized warts usually occur on the dry skin of penile 
shaft, perineum, or perianal area. Giant condylomata of Buschke and 
Lowenstein is an eponymous term for warts which begin as a kera- 
totic papule and progress into a very large cauliflower-shaped lesion. 
These are diagnosed histologically and should be completely excised, 
as malignant transformation occurs in up to 50%. 


Diagnosis 

The presence of genital warts is a clinical diagnosis. If the appear- 
ances are atypical and there is uncertainty, a biopsy can be obtained 
under local anaesthestic for histology. 


Fig. 1.10.3 Presentation of vulval warts. 
Image reproduced courtesy of the CDC/Joe Millar, ID#: 4097, available from http://phil.cdc.gov/ 
phil/quicksearch.asp 
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Treatment 


Treatment is primarily for cosmetic purposes and relapse rates are 
high. Topical agents such as podophyllotoxin cream or imiquimod 
5% are often used in combination with cryotherapy. Other treat- 
ment modalities include ablation with cryotherapy, cautery, trichlo- 
roacetic acid, or surgical excision. Condom use is recommended 
while warts are being treated, and for six months after clearance 
with any new sexual partner or if sex has always been protected 
with the present partner. No contact tracing is required as HPV is 
highly prevalent and usually asymptomatic. 


Anogenital herpes 


The herpes simplex virus (HSV) is a double-stranded DNA virus 
which is classified as either type I or type II. Traditionally type 
I causes oral lesions and type II causes genital lesions. The virus 
is passed usually through sexual intercourse, but may also fre- 
quently pass during oral sex from an oral cold sore to the genital 
area. Genital herpes is a distressing diagnosis because it is often 
exquisitely painful, associated with relapses, and is likely to result 
in psychological problems along with the break-up of relationships. 
In some cases, it can cause infections of the neonate. 


Symptoms 

The first attack of genital herpes is associated with multiple pain- 
ful ulcers, which usually occur on the penis or vulva (unlike the 
classically painless syphilitic ulcer). There is frequently systemic ill- 
ness, with fever and flu-like illness with headache and photophobia. 
These symptoms occur 6-12 days after sexual contact or exposure, 
and last for about 10-12 days. There is frequently tender inguinal 
lymphadenopathy. Rarely, urinary retention occurs as a result of 
pain passing urine over the lesions, and this may require suprapu- 
bic catheterization. Recurrent lesions are not due to re-infection, 
but are a consequence of the primary infections. They are more 
common in HSV2 (90%) than HSV1 (60%). Recurrent attacks 
tend to be less severe than primary attacks and usually occur a few 
months after the primary attack. 


Diagnosis 
The diagnosis is generally a clinical diagnosis supported by a swab 
for HSV PCR taken from the wet ulcers. 


Management 


The initial management is with analgesia and saline washes. 
In rare cases hospitalization is required for urinary retention. 
Antivirals should be given within five days of lesions appearing 
and continued for five days. The normal doses are aciclovir 200 
mg five times daily, famciclovir 250 mg three times daily, or val- 
aciclovir 500 mg twice daily. Recurrent attacks may necessitate 
suppressive therapy for 6-12 months if they occur more than six 
times per year. Usual treatment for recurrent herpes would be 
aciclovir 400 mg twice daily, famciclovir 250 mg twice daily, or 
valaciclovir 500 mg twice daily. The condition is frequently asso- 
ciated with emotional issues, particularly if recurrent. Therefore, 
voluntary bodies that offer support and counselling may play 
a useful role in dealing with the distress of this condition. The 
Herpes Association is the largest group for this purpose in the 
United Kingdom (www.herpes.org.uk). 
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Syphilis 

Syphilis is becoming much more common in the developed world 
in recent years and is increasingly prevalent among men having sex 
with men.>+ It is caused by the spirochaete bacterium Treponema 
pallidum. The symptoms of secondary syphilis mimic many other 
diseases and urologists should consider this in many common pres- 
entations if the diagnosis is unclear (see Fig. 1.10.4). 


Clinical stages 


Acquired syphilis is divided into early syphilis (primary, secondary, 
or early latent) and late syphilis. 


Primary syphilis 

Primary syphilis has an incubation period of 9-90 days (mean 
21 days). An ulcer which is usually solitary and painless appears at 
the sight of infection. If the ulcer is left untreated it will resolve in 
3-10 weeks. 


Secondary syphilis 

Secondary syphilis usually presents 4-8 weeks after primary syphilis 
as a maculopapular rash, which may cover the whole body includ- 
ing the palms of the hands and soles of the feet (see Fig. 1.10.5). 
Pustular lesions and ‘snail track ulcers may appear in genital areas. 
Condylomata may mimic genital warts in genital areas. Other fea- 
tures may include constitutional symptoms, alopecia, periosteitis, 
hepatitis, glomerulonephritis, and iritis. 


Early latent syphilis 


Early latent syphilis is defined as occurring less than two years from 
the primary infection and is asymptomatic. 


Late syphilis 

Syphilis infection that has been present for more than two years is 
referred to as late syphilis. It may be latent, with no symptoms or 
sequelae, or may affect other systems such as neurosyphilis, cardio- 
vascular syphilis, or gummatous disease. 


Diagnosis 


Syphilis is diagnosed by serological testing. There are multiple 
tests available and different tests are used in different laborato- 
ries. Advice and interpretation of syphilis tests should be sought 
from an expert in laboratory aspects of genitourinary medicine. 


Fig. 1.10.4 Primary syphilitic chancre. 
Image reproduced courtesy of the CDC, available from http://phil.cdc.gov/phil/quicksearch.asp 


Fig. 1.10.5 Presentation of secondary syphilis. 

Reproduced from Richard Pattman et al. (Eds.), Oxford Handbook of Genitourinary Medicine, 
HIV, and Sexual Health, Second Edition, Plate 4, Oxford University Press, Oxford, UK, Copyright 
© 2010, with permission from Oxford University Press. 


In early primary syphilis, Treponema may be seen in the serous 
exudate from the primary ulcer using dark-ground microscopy. 
In suspected neurosyphilis, cerebrospinal fluid should be obtained 
and analysed for presence of syphilis. In all cases where there has 
been a potential exposure to syphilis and initial testing is negative, 
serology should be repeated at three months to cover the ‘window 
period. 


Treatment 


Syphilis infection is sensitive to penicillin which is the first-line 
treatment, usually by intramuscular injection. Referral should be 
made to a local genitourinary medicine clinic for management, as 
treatment will vary depending on stage of infection. In early syphi- 
lis, usually treatment is with 2.4 megaunits benzathine penicillin 
intramuscular, which may be given as a single dose or as two doses 
repeated one week apart. In late latent syphilis, this dose may be 
replicated at weekly intervals for three weeks. Intramuscular pro- 
caine penicillin may also be used on a daily basis for 17 days as 
treatment. Alternatives for patients with documented penicil- 
lin allergy are doxycycline and azthromycin, which may be given 
orally. 

Partner notification in syphilis is essential. This may be a sensitive 
area, especially in cases of syphilis diagnosed as part of a dementia 
screen where children will require testing. This is normally carried 
out through specialist clinics. 


Complications 

Jarisch-Herxheimer reaction is a febrile illness with myalgia, rig- 
our, flush, and hypertension, which occurs within hours of initial 
treatment. It is managed with a short course of oral steroids. 


Viral hepatitis: Hepatitis A 

Aetiology 

The hepatitis A virus (HAV) is common in developing countries 
with poor sanitation, and immunity approaches 100% in these 


individuals. Prevalence is much lower in developed countries 
where the main mode of transmission is usually faeco-oral from 


contaminated food or water. Outbreaks are known to certain occur 
in certain populations including MSM, injecting drug users, and 
those living in institutions. Individuals are infectious for two weeks 
prior and one week after the onset of symptoms. Lifelong immunity 
follows resolution of initial infection. 


Symptoms and signs 

Asymptomatic infection occurs in up to 50% adults. Symptoms 
usually develop within two to six weeks of exposure and include a 
prodromal flu-like illness followed by an icteric illness with jaun- 
dice, nausea, fatigue, and right upper quadrant pain. Pale stools and 
dark urine may be reported. 


Complications 


Fulminant hepatic failure is uncommon (<0.4%) and is more com- 
mon in those coinfected with hepatitis B or C. 


Diagnosis 

Serology for HAV IgM will be positive within five days of infection. 
HAV IgG positivity indicates past infection or immunity from vac- 
cination. Liver transaminases (ALT and AST) and bilirubin may be 
significantly elevated. 


Management 


Most individuals can be managed as an outpatient and only require 
follow-up if liver function tests do not settle within one to two 
months. General advice should be given to reduce alcohol, abstain 
from sexual intercourse, and avoid food handling until symp- 
toms settle. Hepatitis A is a notifiable illness and public health will 
arrange contact tracing of close contacts (household and sexual 
partners) for testing and vaccination. 


Hepatitis B 
Aetiology 


Hepatitis B virus is endemic in many parts of the world (especially 
Southeast Asia) where carriage rates are up to 20%. The seropreva- 
lence in non-endemic settings is 0.01-1% and those at risk include 
MSM, injecting drug users, and those with sexual contacts from 
areas where the virus is endemic. It is highly transmissible by mucous 
membrane contact through peno-vaginal or peno-anal sex. In acute 
adult infection symptoms are present in up to 50%, with approxi- 
mately 5% becoming chronic carriers. In children, acute infection is 
uncommon but the majority (90%) become chronic carriers. 


Symptoms and signs 


Acute infection is similar to hepatitis A infection. In chronic infec- 
tion, signs of chronic liver disease may be evident. 


Complications 


Fulminant hepatitis develops in <1%, but is more common in those 
coinfected with hepatitis C. 


Diagnosis 
Serum markers 


+ Hepatitis B surface antigen (HBsAg): positive in acute and 
chronic infection, usually within three months of acquisition. It 
becomes negative if or when infection is cleared. 


CHAPTER 1.10 SEXUALLY TRANSMITTED INFECTION 


+ Hepatitis B extracellular antigen (HBeAg): if positive indicates 
high infectivity. 

Hepatitis B surface antibody (HBsAb or anti-HBs): marker 
of successful vaccination, with titres indicating the level of 
immunity. 

+ Liver function tests (LFTs): may be normal or may show elevated 
transaminases. 


Management 


General advice to avoid unprotected intercourse until partner is 
tested and successfully vaccinated. Hepatitis B is a notifiable illness 
and public health will arrange contact tracing of close household 
contacts and sexual partners. Referral should be made to hepatol- 
ogy for follow-up and treatment if necessary. 


Vaccination schedules for hepatitis A 
and B 


Hepatitis A: 0 and 6-12 months 


Hepatitis B: 0, 1, 6 months (standard course) 
0, 1, 2 months (rapid course) 
0, 1, 3 weeks (ultra-rapid course) 


Combined hepatitis A and B: standard course as above 


Hepatitis C 
Aetiology 


Hepatitis C affects over 170 million people worldwide. In the United 
Kingdom, the prevalence is less than 1% of blood donors but up 
to 80% in injecting drug users. Sexual transmission is uncommon 
but is associated with high risk sexual practices such as fisting and 
oro-anal sex. 


Symptoms and signs 


Hepatitis C has a long incubation period (4-20 weeks). Acute 
icteric illness occurs in 20% and is associated with an increased 
likelihood of clearing the virus. 


Complications 


Acute fulminate hepatitis failure is rare. Chronic carriage occurs 
in >80% of those infected. Liver cirrhosis is more rapid in those 
coinfected with HIV or hepatitis B. There is an increased risk of 
developing hepatocellular carcinoma. 


Diagnosis 

Hepatitis C antibody test should be sent and if this is positive, fur- 
ther testing should be conducted with hepatitis C PCR for viral 
RNA. Antibodies may take up to six months to develop; there- 
fore, serology should be repeated six months after a risk to exclude 
infection. 


Management 


Hepatitis C is notifiable. General advice should be given about safe 
sex, avoiding sharing needles, reducing alcohol intake, and so on. 
Referral should be made to hepatology for treatment and follow- 
up. No vaccine is available for close contacts. 
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Human immunodeficiency virus and 
acquired immunodeficiency syndrome 


Background 


HIV is one of the most important communicable diseases, affect- 
ing more than 33.3 million people worldwide. It was estimated that 
there were 86,500 people living with HIV in the United Kingdom at 
the end of 2010.° HIV is transmitted through sexual contact, blood- 
to-blood contact (e.g. sharing needles, transfusion of infected blood 
products) and vertically from mother to child transmission. In 
developing countries, transmission is mostly through heterosexual 
sex; however, in the United States and Europe, the majority of cases 
occur in men having sex with men. While effective antiretroviral 
therapy has resulted in a dramatic reduction of HIV-related deaths, 
there is still significant mortality associated with those presenting 
late in the course of their infection. 


Natural history of human immunodeficiency virus 


HIV is a retrovirus that preferentially infects CD4 lymphocytes. 
There are several stages of infection as defined by symptoms and 
CD4 count. 


1. Primary HIV infection (seroconversion) 
Symptoms occur in 50-90% individuals within five days to four 
weeks of HIV acquisition. These symptoms may vary from a 
mild flu-like illness to severe multisystem involvement (e.g. 
aseptic meningitis). During this stage of viraemia, the individual 
is highly infectious and at high risk of transmitting the virus to 
others during sexual contact. 


2. Asymptomatic stage 
The symptoms of primary infection usually resolve within a few 
weeks and the asymptomatic stage begins. The individual may 
remain in good health for several years with no obvious clinical signs 
or symptoms to prompt testing. Over the course of time, the CD4 
count will gradually decrease (usually by 50-100 cells/mm? per year). 


3. Symptomatic stage 
If HIV infection remains undiagnosed, eventually the decline in 
immune function results in various signs and symptoms evolv- 
ing including constitutional symptoms (such as weight loss, night 
sweats, and diarrhoea), or widespread lymphadenopathy. Other 
conditions such as seborrhoeic dermatitis, recurrent herpes sim- 
plex infection, or bacterial pneumonia may prompt diagnosis. 


4. Acquired immune deficiency syndrome 

Acquired immune deficiency syndrome (AIDS) usually occurs 
when CD4 count falls to below 200 cells/mm. It is characterized 
by the presence of one or more specific ‘AIDS-defining illnesses’. 
These conditions include opportunistic infections (such as pneu- 
mocystis pneumonia, cytomegalovirus, toxoplasmosis, crypto- 
sporidium, oesophageal candidiasis), or certain malignancies 
(such as Kaposi’s sarcoma, non-Hodgkin’s lymphoma, cervical, 
or anal cancer). Significant mortality is still associated with this 
late stage of infection. 


Diagnosing human immunodeficiency virus infection 

Testing is recommended in all clinical situations where HIV may 
fall within the list of differential diagnoses. In addition, UK National 
Guidelines for HIV testing 2008 recommend routine testing for all 
individuals who fall into higher-risk groups (e.g. MSM, injecting 


drug users, those from countries of high HIV prevalence) and in all 
individuals registering in primary care, or admitted to hospital who 
live in areas where HIV prevalence exceeds 2 in 1,000.7 

The majority of commercially available HIV assays detect HIV 
antibodies and p24 antigen. These combined antibody-antigen 
tests have resulted in the ability to diagnose HIV infection earlier, 
and may provide a positive result within 28 days of acquisition. It 
is however still recommended to repeat the HIV test three months 
after potential exposure in those at high risk. A positive initial result 
must always be confirmed with a second sample. When offering an 
HIV test, no specific pre-test counselling is required. Verbal con- 
sent is sufficient prior to testing. It is important to ensure accurate 
contact details are available to the patients and establish how they 
may wish to receive the result. 


Antiretroviral therapy 


In the United Kingdom and Europe, antiretroviral therapy is usu- 
ally commenced when CD4 count falls to less than 350 cells/mm?. 
There are currently six classes of antiretroviral drugs available: 


Nucleoside reverse transcriptase inhibitors (NRTI) 

+ Non-nucleoside reverse transcriptase inhibitors (NNRTT) 
+ Protease inhibitors (PI) 

+ Integrase inhibitors 

+ Fusion inhibitors 

+ Entry inhibitors 


Prior to commencing treatment, a resistance profile is obtained 
to ensure the virus is susceptible to all classes of drugs. The rate 
of acquired HIV resistance is approximately 8% in the United 
Kingdom, with NNRTI resistance being the most common. Each 
drug regime is tailored individually for each patient, taking into 
consideration issues such as pill burden and potential side effects 
to ensure optimal adherence to therapy. It is important to consider 
other medications (including over-the-counter or recreational 
drugs) as there may be significant drug interactions with certain 
antiretrovirals. Typically patients are treated with a combination 
of three antiretroviral agents—usually two NRTIs with the third 
agent either a PI or NNRTI. Response to treatment is monitored 
by serum HIV viral load, which should be undetectable within six 
months of commencing treatment. 


Relevant drug side effects/toxicities 


Antiretroviral drugs have evolved over the last decade with 
improved tolerability and reduced toxicity. Side effect profiles tend 
to be class-related, although there are often subtle variations within 
each drug class. Protease inhibitors are often associated with gas- 
trointestinal upset (e.g. nausea, diarrhoea, bloating); however, this 
tends to improve after several weeks of therapy. In particular, there 
are reports of darunavir causing pancreatitis and atazanavir has 
been associated with renal stones. Tenofovir (belonging to NRTI 
class) may cause renal tubular dysfunction, and as such, monitoring 
of renal function, phosphate, and urine protein creatinine ratio is 
recommended. 


Further reading 


British HIV Association. Available at: http://www.bhiva.org/Publications. 
aspx [Online]. 


British Association of Sexual Health & HIV Guidelines. Available 
at: http://www.bashh.org/guidelines [Online]. 


+ Management of gonorrhoea, 2011 

+ Management of chlamydia, 2006 

Management of genital herpes, 2007 

+ Management of syphilis, 2008 

+ Management of sexually acquired reactive arthritis, 2008 


UK National Guidelines on HIV testing 


Further reading 


Pattman R, Snow M, Handy P, Sankar KN, Elawad B (eds). Oxford 
Handbook of Genitourinary Medicine, HIV and AIDS. Oxford, UK: 
Oxford University Press, 2005. 
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CHAPTER 1.11 


Bladder pain syndrome 
Interstitial cystitis 


Magnus Fall 


Historical introduction to bladder pain 
syndrome/interstitial cystitis 


The term interstitial cystitis (IC) was introduced by Skene in 1887.1 
However, the physician most associated with initial characteriza- 
tion of the syndrome is Hunner. Over 100 years ago, he described a 
symptom complex of bladder pain associated with a peculiar cysto- 
scopic feature of mucosal lesions, the ‘elusive ulcer’, later termed 
Hunner’s ulcer.” In 1949, John Hand? presented a large series of IC 
patients. He noted that IC did not comprise just one single entity, 
but this observation did not attract much attention before Messing 
and Stamey‘ and Fall et al.5 went into more detail about the vari- 
ation in individual phenotypes. Messing and Stamey believed that 
there might be an early form of the disease, displaying what is called 
submucosal glomerulations: small, dotted, submucosal bleeding 
points, with no similarity to Hunner’s ulcers. They postulated that 
this entity could eventually progress into the well-known classic 
disease, while Fall et al.5 and Peeker and Fall® maintained that there 
are separate phenotypes, related by similar symptoms and a chronic 
course. The latter statement was based on the fact that a progres- 
sion from an ‘early form to the classic ulcerous form has actually 
never been reported. Since definition of the generic concept, the 
scope of IC became wider and more varied, and in order to achieve 
a standard for use in scientific studies, the US National Institute 
of Diabetes, Digestive and Kidney disorders (NIDDK) defined a 
number of criteria mainly based on exclusions.’ The criteria were 
also utilized clinically, but were found by many to be too restrictive. 
Subsequently, IC essentially represented a symptom complex with 
quite varying contents, an evolution resulting in much confusion 
in research, and even more in the understanding of how to help 
sufferers gain symptom relief. Current consensus suggests that the 
ulcerative form is denoted ‘interstitial cystitis’ (IC) and the non- 
ulcerative form ‘bladder pain syndrome’ (BPS). It is acknowledged 
that there is overlap with other chronic pain syndromes and func- 
tional symptom complexes, both in the pelvic area and elsewhere 
in the body. 


Epidemiology 

Reports of the prevalence of BPS/IC have varied tremendously. The 
first systematic study by Oravisto indicated that IC affected approxi- 
mately 10/100,000 (18/100,000 for women) in Finland,® and a simi- 
lar prevalence was later described in the United States.” However, 
recent studies suggest that these early figures may be underesti- 
mates.!° A report from the United States indicated that up to 30% 


of young women may be afflicted.!! Interestingly, 30 years after the 
Oravisto study, Leppilahti et al.!* found dramatically higher figures 
in Finland: the prevalence of clinically confirmed probable IC in 
women was 230/100,000 and that of possible/probable IC was 530/ 
100,000. Their conclusion was that BPS/IC is substantially more 
common than was previously thought. When comparing all stud- 
ies, uncertainty remains about the real prevalence due to varying 
diagnostic criteria and definitions of the populations at risk. 

There is a female:male predominance of about 10:1.>813 It has 
been proposed that BPS/IC may have a genetic component, but 
evidence is conflicting.'4!5 BPS/IC has high economic costs, with 
an estimated healthcare and personal spend of US$750 million per 
year in the United States.!° 


Symptom analysis 

The characteristic symptoms of pain are perceived in the urinary 
bladder, in the form of urinary frequency and urgency. Symptoms 
may fluctuate but there appears to be no evidence of a worsening 
of overall disease severity over a five-year period.!” Sometimes the 
onset is sudden, the condition presenting immediately with a full- 
blown set of signs and symptoms, and sometimes it is gradual. The 
median time to diagnosis was four to five years in two different 
reports.!819 The long time lag is thought to be due to the failure 
of clinicians to appreciate and recognize the typical symptoms.”° 
There is no doubt that the key to the diagnosis of BPS/IC is a care- 
ful history with identification of the characteristic symptoms, espe- 
cially the character and severity of bladder pain and discomfort. 
Bacterial cystitis, prostatitis, endometriosis, and chronic pelvic 
pain are common alternative causes that need exclusion. 

Pain can be localized to the bladder, or rather in the area that 
the patient perceives as the bladder, or in the lower abdomen and 
pelvis. The classic description is imperative urge on bladder filling 
with increasing suprapubic pain, which in many instances is severe, 
relieved by voiding, although soon returning. Other descriptions 
of the sensation are ‘pressure; ‘burning, ‘sharp, and ‘discomfort: 
Typically, the pain is felt in, but is not limited to, the suprapubic 
region; it can be referred to locations throughout the pelvis, includ- 
ing the urethra, vagina, lower abdomen, lower back, medial aspect of 
the thigh, and the inguinal area in any combination.*! Consequently, 
it is not always obvious that the pain is coming from the bladder. 
Intercourse, cold, and constrictive clothing can exacerbate the pain, 
which is also the case for some diets, spicy food, coffee, and alcohol. 

The degree of symptoms is best illustrated using two- or three- 
day micturition diaries, registering the volume and time for each 


void, but also including visual analogue scales to describe the 
degree of pain. These simple instruments can also be used to assess 
the result of treatment attempts. More sophisticated instruments 
include condition-specific and generic health questionnaires, espe- 
cially useful in the research situation. 

Although bladder pain and urinary frequency may be the only 
or major complaints in some individuals, others have a broader 
spectrum of problems, including associations of BPS/IC to allergy, 
fibromyalgia, vulvodynia, chronic fatigue syndrome, anxiety disor- 
ders, and depression. Such associations should be acknowledged in 
the patient's history. 


Cystoscopy and physical examination 


Cystoscopy under anaesthesia is the cornerstone for the investi- 
gation of BPS/IC patients since sufficient distension is required to 
visualize lesions characteristic of BPS/IC. The BPS/IC patient can 
tolerate filling with only a very limited volume in their unanaes- 
thetized bladder, irrespective of the true bladder capacity during 
anaesthesia. Local anaesthetic cystoscopy can still be a useful first 
step to examine the mucosa, urethral calibre, and determine any 
local tenderness of the bladder and/or urethra. Abnormal tender- 
ness or heightened sensation of the external and internal genitalia 
and the various components of the pelvic floor are also noted, 
including any trigger points. Such physical signs are important for 
diagnostic completeness and the design of a rational treatment pro- 
gramme. Other possible causes for lower urinary tract pain, such as 
tumour, stone, inflammation, or mucosal metaplasias can be noted 
or excluded. The presence of submucosal petechial bleeding, so 
called glomerulations, after decompression of the previously dis- 
tended bladder has until recently been regarded as one of the endo- 
scopic hallmarks of the disease.>4?223 Current data is however 
casting doubt on the practical usefulness of this finding in patient 
management!? (see also Further reading, Wennevik 2016). 
Hunner’s ulcers can only be fully identified and characterized 
with cystoscopy under anaesthesisa. The typical lesion is a cir- 
cumscribed, reddened mucosal area with small vessels radiating 
towards a central scar, with a fibrin deposit or coagulum attached 
to this area. On further bladder distension this site ruptures (Fig. 
1.11.1), with petechial haemorrhage from the lesion and the muco- 
sal margins in a waterfall manner. A quite characteristic finding at 
the second filling of the bladder in a patient with this classic type 
of lesion is a varying degree of oedema, sometimes with periph- 
eral extension.®? The use of a rigid cystoscope is preferred to allow 
easy and rapid filling and emptying, particularly when bleeding is 
encountered. Diagnostic hydrodistension should be performed in 
a standard manner at a pressure of 80 cmH,O above the level of 
the patient’s bladder.” Irrigating fluid (glycine) is allowed to run 
into the bladder until it stops spontaneously at capacity, as observed 
when checking the dripping chamber of the fluid reservoir. This 
volume is then held for two to three minutes with any leakage 
around the cystoscope sheath controlled by urethral compression. 
The volume and the degree of bleeding into the bladder fluid are 
noted when evacuating the bladder. The maximum bladder cap- 
acity is often reduced in the classic type of IC, whereas it is normal 
or only slightly reduced in the non-ulcerative BPS. The bladder is 
refilled to approximately 20-50% of capacity and again inspected 
for lesions and haemorrhages, which will not be conspicuous until 
the bladder is filled for a second time. The changes typically spare 
the trigone. It is important to be ready to note any changes to the 
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Fig. 1.11.1 Cystoscopic view during bladder distension in a woman with the 
classic Hunner (ESSIC 3C) type of disease. In the centre of the photo, a deep 
rupture of the mucosa is seen with the beginning of marginal, petechial bleeding. 


bladder mucosa during initial slow bladder filling, since once bleed- 
ing occurs it is difficult to inspect the mucosa thoroughly. Repeated 
bladder flushing can restore vision to detect post-distension muco- 
sal changes essential to objective patient categorization. It should be 
remembered that although the mucosal findings are diagnostically 
important, they frequently do not parallel the type or severity of 
symptoms, nor the subsequent response to treatment.?475 

Bumpus”° first described the possible therapeutic benefit of sim- 
ple hydrodistension for patients with IC; this remains an interven- 
tion that can be offered, although its efficacy is doubtful. 

Filling cystometry is helpful should overactive bladder (OAB) be 
suspected, to estimate bladder capacity, and to record sensations 
with bladder filling. In females, post-void residual urine volume 
and cystometry are optional, while in males, a flow rate should be 
done in all; and if maximum flow is <20 mL/s, a pressureflow study 
and recording of residual urine volume should be performed. 


Histopathology 


The primary purpose of obtaining bladder biopsies in BPS/IC is 
to exclude other causes of bladder pain,” principally carcinoma in 
situ.2” Histopathological examination is also of value in diagnosing 
BPS/IC. Although the histopathologic features are not distinctive in 
non-ulcer disease, there are microscopic findings pathognomonic 
for classic IC. These include urothelial vacuolization and detach- 
ment, mucosal infiltrates of lymphocytes, plasma cells, neutrophil 
and eosinophil granulocytes, as well as an increase of mast cell 
numbers in all compartments of the bladder wall.?8?° Granulation 
tissue is one further feature of the classic disease, speculatively as a 
result of repeated trauma by bladder filling and stretch of the areas 
of inflammatory involvement.*° 

In an analysis of pathological findings of more than 200 US 
patients with IC, three morphology clusters were identified, cor- 
responding to unique pathological groupings. The largest group 
comprised 90% of patients with no consistent pathological fea- 
tures. A small second group showed multiple signs of parenchymal 
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damage, including several inflammatory features, while the third 
group was characterized by complete denudation of the urothelium 
and variable oedema. This categorization correlated with symptom 
complexity and severity, indicating a role for histopathology in the 
predictive modelling of BPS/IC.3! 

Morphological methods continue to evolve using immunohisto- 
chemistry, polymerase chain reaction in situ, and various immu- 
noblotting and RNA expression array techniques. One relevant 
example is the application of tryptase staining for mast cells, mak- 
ing the older staining techniques obsolete.**> In this manner, the 
precision of the diagnosis may be improved in future, reducing the 
reliance on subjective clinician assessment. 

Histopathologic features in BPS/IC may also guide the develop- 
ment of future treatment possibilities. It is reasonable to hypothesize 
that the various components of the cell infiltrate play various roles, 
although they are as yet poorly characterized. For example, lympho- 
cytes have one role: studies suggest that T and B-cells are associated 
with various clinical features of IC and moreover there are marked 
differences in lymphocyte populations in classic versus non-ulcer 
disease,*4-3° while macrophages have a possible role in the massive 
production of nitric oxide (NO) seen in the Hunner-type of dis- 
ease.?7-3? Special interest has been devoted to the mast cell, supposed 
to be a major player in this disease complex, involving the diagnosis, 
development of symptoms, and relation to detrusor fibrosis, to give 
some examples.?9-32,38-42 Mast cells can be activated by a variety of 
agents, leading to release of a number of distinct inflammatory medi- 
ators, with or without degranulation. How these differential mast cell 
responses are controlled is still unresolved.*? Investigating cause and 
effect in different bladder wall cellular responses is required to be 
able to reveal the nature of various BPS/IC phenotypes. 


The role of markers 


Characterization of a predictive urinary or serum biomarker for the 
diagnosis and likely treatment responsiveness of patients with possi- 
ble IC/BPS would be a tremendous advance. The problem with IC is 
that molecular pathways of disease in differing phenotypes and local 
and systemic responses is largely lacking. The heterogeneity of the 
syndrome also makes it unlikely that a single biomarker could cover 
the entire spectrum. The most promising candidate was antiprolifer- 
ative factor (APF), a component of urine that inhibits urothelial cell 
proliferation, which appears in higher concentration in IC patients 
compared to controls.44 However there is insufficient evidence to 
support APF as a generally useful diagnostic tool. The many other 
candidates tested remain confined to the research field.4 

A further possibility arises from the observation that the forma- 
tion of urinary NO is increased in patients with the classic Hunner’s 
ulcerative form of IC,*° possibly related to increased activity of the 
inducible form of nitric oxide synthase (iNOS).4” This production 
may occur in different tissue compartments including the urothe- 
lium?’ and in infiltrating inflammatory cells present in IC.*? A sig- 
nificant advantage is that technology to measure NO evaporation is 
easy and simple to use, but requires a special device.*© At this stage, 
biomarkers have a very limited role in routine diagnosis of BPS/IC, 
but they do hold promise for the future. 


Treatment 


No curative conservative treatment has yet been identified. 
Given the current limited understanding of the aetiology and 
pathogenesis of BPS/IC, all treatments are given on an empir- 
ical (try it and see) basis. Despite this uncertainty, a number of 


management algorithms have been suggested and these are often 
based on the observation that several modalities have to be tried 
before benefit is seen, and that a combination of therapies may 
give added benefit. Once the diagnosis has been made, the inten- 
sity and severity of symptoms will indicate whether to institute 
therapy or use a policy of supportive care. Initially, if not done 
before, an empiric course of antibiotics is not unreasonable, pref- 
erably using doxycycline or ciprofloxacin. However, if unsuccess- 
ful, further antibiotic courses should be strongly discouraged, 
because in the absence of positive cultures they are unlikely to 
give benefit and may cause harm. As general measures, stress 
reduction, physical exercise, warm tub baths, and efforts by the 
patient to maintain a normal lifestyle can all contribute to main- 
tenance of a good quality of life. 

Much epidemiological research points towards a multifacto- 
rial aetiology for IC/BPS whereby one or more pathways may be 
involved, resulting in the typical symptom complex. A number of 
hypotheses concerning possible pathways have been generated, 
leading to the popularization of a wide variety of treatment options, 
which are usually backed by low levels of evidence preventing firm 
recommendation for their use (Table 1.11.1). Here the principles of 
treatment and some specific examples are summarized. 


The bladder lining as treatment target 


One popular theory of pathogenesis is the ‘leaky urothelium’;; a 
defect in the bladder glucosamine glycan layer (GAG) allowing 
noxious urinary constituents to penetrate and affect the underlying 
sensory innervation.*® This theory suggests that replenishment of 
the GAG layer would restore mucosal integrity and alleviate symp- 
toms. Each of the possible treatment can be administered orally or 
intravesically. 

Sodium pentosan polysulphate (PPS), a highly sulphated muco- 
polysaccaride, is the only oral therapy approved by the US Food 
and Drug Administration. Up to 50% of selected patients describe 
an initial symptom benefit, which falls to 30% with continued use 
and can take up to six months to work.4?°° The usual dosage is 
150-300 mg daily, divided in two or three doses. As an alterna- 
tive, a variety of other mucopolysaccharide products (chondroitin 
sulphate, hyaluronate/hyaluronic acid)>!°? have been used intra- 
vesically with the object to get a more direct and prompt effect, 
with less systemic side effects, but however entailing the significant 
disadvantage of repeated urethral catheterization. The compounds 
are typically administered as weekly installations for six weeks, and 
then monthly maintenance if benefit occurs. 

Dimethylsulphoxide (DMSO) is the standard treatment with the 
longest history, being used for four decades.*? It is an organic sol- 
vent, a by-product of the paper pulp industry, and has analgesic, 
anti-inflammatory, collagenolytic, and muscle relaxant properties. 
It is also a scavenger of the intracellular OH radical. It is admin- 
istered intravesically weekly or every two weeks, sometimes com- 
bined in intravesical cocktails with lidocaine, heparin, and sodium 
bicarbonate. DMSO is the only intravesical therapy approved by the 
US Food and Drug Administration for BPS/IC. 


Chronic bladder inflammation 
as treatment target 


Systemic steroid administration has a long tradition as well; anti- 
inflammatory treatment using cortisone has been used, although 
not as a standard option, in BPS/IC for more than four decades. 


Table 1.11.1 Compilation of treatments of bladder pain syndrome with levels of evidence and grades of recommendation 


A. Evidence statements 


Conclusions Level of evidence 
None of the present existing treatments have any effect on all BPS subtypes or phenotypes 4 
Conventional analgesics have little efficacy; opioids are effective in controlling BPS pain 2b 
Corticosteroids are not recommended as long-term treatment 3 
Hydroxyzine has limited efficacy shown in RCT and is effective in associated non-bladder diseases 1b 
Limited data exist on effectiveness of cimetidine in BPS 2b 
Amitriptyline is effective in pain and related symptoms of BPS 1b 
Oral PPS is effective in pain and related symptoms of BPS la 
Oral PPS plus subcutaneous heparin is effective in pain and related symptoms of BPS especially in patients who are initially low responders 1b 
to PPS alone 

Only limited data exist on the effectiveness of antibiotics in the treatment of BPS 2b 
Insufficient data for the effectiveness of prostaglandins in BPS exist; adverse effects are frequent 3 
Global response on cyclosporin A was superior to PPS, but associated with more adverse effects 1b 
Duloxetin has shown no effect and tolerability is poor 2b 
Oxybutynin has limited effect in BPS pain, but data are scant 3 
Only insufficient data exist for the effectiveness of gabapentin in BPS 3 
Only insufficient data exist for the effectiveness of suplatast tosilate in BPS 3 
Preliminary data showed effectiveness of quercetin alone and in multimodal uncontrolled studies 3 
ntravesical lidocaine plus sodium bicarbonate is effective in the short term 1b 
ntravesical PPS is effective, as based on limited data and may enhance effect of oral treatment 1b 
There are limited data on the effectiveness of intravesical heparin 3 
ntravesical hyaluronic acid may have long-term effects in BPS patients with positive intravesical modified KCI test 2b 
ntravesical chondroitin sulphate may be effective according to non-randomized studies; published RCTs are underpowered 2b 
ntravesical DMSO is effective in the treatment of BPS, but side effects have to be considered 1b 
ntravesical submucosal BTX-A injection plus hydrodistension has sustained and significantly improved effect over hydrodistension alone 1b 
Only limited data exist on the effectiveness of BTX-A injection into detrusor or trigone 3 
Data on effectiveness of intravesical vanilloids are contradictory; largest of RCTs without efficacy 1b 
ntravesical Bacillus Calmette—Guérin (BCG) is not effective in BPS 1b 
ntravesical clorpactin has insufficient data to support effectiveness and high complication rates 3 
There is only insufficient data to support effectiveness of bladder distension 3 
Scarce data indicate electromotive drug administration may have a beneficial effect in patient subsets 3 
Transurethral resection (coagulation and laser) may be effective in BPS type 3C 3 
Sacral neuromodulation may be effective in BPS 3 
Pudendal nerve stimulation is superior to sacral nerve stimulation for the treatment of BPS 1b 
Bladder training may be effective in patients with predominant urinary symptoms and little pain 3 
Manual and physical therapy may have limited effects 3 
Avoidance of some food and drink avoids pain triggering 3 
Acupuncture: data contradictory 3 
Psychological therapy may be effective in ameliorating coping with disease 3 
No definitive conclusion on the effectiveness of surgical organ removal for BPS can be drawn, as based on large variability results in reported 3 


series 


(continued ) 


Table 1.11.1 Continued 


B. Recommendations for clinical practice 


Recommendations GRADE 


Subtype and phenotype-oriented therapy for BPS is recommended 


Multimodal behavioural, physical, and psychological techniques should always be considered alongside oral or invasive treatments for BPS 


Opioids might be used in BPS in disease flare-ups; long-term application solely if all treatments failed 


Corticosteroids are not recommended as long-term treatment 


Hydroxyzine is recommended for use in BPS 


Consider cimetidine as a valid oral option before invasive treatments 


Amitriptyline is recommended for use in BPS 


Oral PPS is recommended for use in BPS 


Treatment with oral PPS plus subcutaneous heparin is recommended, especially in low responders to PPS alone 


Antibiotics can be offered when infection is present or highly suspected 


Prostaglandins are not recommended; insufficient data on BPS, adverse effects considerable 


Cyclosporin A might be used in PPS, but adverse effects are significant and should be carefully considered 


Duloxetin is not recommended for BPS treatment 


Oxybutynin might be considered for the treatment of BPS 


Gabapentin might be considered in oral treatment of BPS 


Consider intravesical lidocain plus sodium bicarbonate prior to more invasive methods 


Consider intravesical PPS before more invasive treatment alone or combined with oral PPS 


Consider intravesical heparin before more invasive measures alone or in combination treatment 


Consider intravesical hyaluronic acid before more invasive measures 


Consider intravesical chondroitin sulphate before more invasive measures 


Consider intravesical DMSO before more invasive measures 


Consider intravesical bladder wall and trigonal injection of BTX-A if intravesical instillation therapies failed 


Consider submucosal injection of BTX-A plus hydrodistension if intravesical instillation therapies failed 


ntravesical therapy with Bacillus Calmette-Guerin is not recommended in BPS 


ntravesical therapy with clorpactin is not recommended in BPS 


ntravesical therapy with vanilloids is not recommended in BPS 


Bladder distension is not recommendedas atreatment of BPS 


Electromotive drug administration might be considered before more invasive measures 


Consider transurethral resection (or coagulation or laser) of bladder lesions, but in BPS type 3C only 


euromodulation might be considered before more invasive interventions 


Consider bladder training in patients with little pain 


Consider manual and physical therapy in first approach 


Consider dietary avoidance of triggering substances 


Acupuncture is not recommended 


Consider psychological therapy in multimodal approach 
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All ablative organ surgery should be as last resort for experienced and BPS knowledgeable surgeons only 


PPS = pentosanpolysulphate sodium; DMSO = dimethyl sulphoxide; BPS = bladder pain syndrome. 
Level of evidence classification reference. 
Grade of recommendation reference. 


Reproduce with permission from Engeler, D., Baranowski, A.P, Elneil, S, Hughes, J], Messelink, E.J, van Ophoven, A, de Williams, A.C.: EAU Guidelines on Chronic Pelvic Pain, Copyright © 2012 
European Association of Urology. 


Efficacy has been demonstrated in the classic ulcerative type of dis- 
ease, but as the harms of chronic steroid treatment can be very seri- 
ous and irreversible, it is difficult to justify systemic, long-term use. 
Another modality is sublesional injection of cortisone, occasion- 
ally being reported to be efficacious in the Hunner’s ulcer type of 
BPS/IC. 

Mast cells are regarded by many authorities to have a pivotal role 
in BPS/IC, and a number of treatments are aimed at stopping or 
minimizing the effects of mast cell activation. Hydroxyzine is a his- 
tamine H1 receptor blocker inhibiting neuronal activation of mast 
cells. Hydroxyzine hydrochloride has been trialled using doses of 
25 mg increasing to 75 mg/day. Initial results were promising but 
a better designed randomized comparison showed no benefit over 
placebo.*4 

Various immunosuppressants have also been trialled in the IC/ 
BPS patient group. The most recent and promising one according 
to the literature is cyclosporine A. In a randomized comparison 
against the control of pentosan polysulphate, 1.5 mg/kg cyclo- 
sporine was more effective than 300 mg/day of pentosan over six 
months.” However, there was also a higher rate of symptoms such 
as gingival pain, paraesthesias, and muscle pain. If cyclosporine 
therapy is tried, careful frequent follow-up with blood pressure and 
kidney function testing is mandatory. 

Hyperbaric oxygen has been tested in small trials, with repeated 
sessions of inhalation of 100% O, found helpful in a small subgroup 
of BPS/IC patients.°° This treatment is limited by high costs, time- 
consuming care, and restricted availability. 

Mucosal ablation of circumscribed Hunner areas of chronic blad- 
der inflammation using transurethral techniques has been advo- 
cated.5’ Transurethral resection (TUR) shows favourable results in 
this patient subgroup, but requires complete resection of all lesions, 
including the peripheral oedema zone and the underlying superfi- 
cial detrusor muscle, involving minimum coagulation. A case series 
of over 100 patients showed long-term symptomatic relief was pro- 
vided for 90% of patients,° while TUR has been suggested to result 
in symptom improvement by the removal of intramural nerve end- 
ings engaged by the inflammatory process. Similar results have been 
reported following ablation by neodymium YAG laser,°? but again 
benefit is limited to those with Hunner’s ulcerative subtype only. The 
excellent symptomatic effect in the majority of patients makes tran- 
surethral resection of the bladder (TURB) a first-line treatment for 
this group, with few comparably effective alternatives. 


The pelvic floor as a treatment target 


Overactivity in the pelvic floor musculature with possible involve- 
ment of joints, ligaments, fasciae, and viscera may cause adverse 
interactions and painful sensations. Therapeutic approaches 
include breath work, biofeedback techniques, and soft tissue 
manipulations to aid in muscle relaxation of the pelvic floor. 
Especially important seems to be the identification of trigger 
points, frequently found in the pubococcygeus, piriformis, exter- 
nal oblique, rectus abdominis, hip adductors, and gluteus medius 
muscles. A number of manipulative but also invasive soft tissue 
techniques are available to release symptoms related to soft tis- 
sue pathology in BPS/IC; but at present, these are not often used 
in the standard clinical management of patients with these pain 
syndromes. 


CHAPTER 1.11 BLADDER PAIN SYNDROME 


The peripheral nervous system as a 
treatment target 


Early reports on the use of intravesical lidocaine in BPS/IC indi- 
cate a potential role of such a regimen.®! Alkalization of lidocaine 
before instillation improves pharmacokinetics,” and in a placebo- 
controlled, multicentre study, actively treated patients had signifi- 
cant, sustained symptom relief for up to one month. An important 
limitation is the need to use repeated urethral catheterization, but 
other ways of administration are now tested. 

Vanilloids disrupt sensory neurons, a conceptually attractive 
approach to control symptoms in BPS/IC. Capsaicin and resinef- 
eratoxin have been trialled, but a significant adverse event was pain 
on instillation limiting their use. Botulinum toxin (BTX) injections, 
into the detrusor or the trigone, respectively, are used extensively 
in frequency, urgency, and urgency incontinence syndromes with 
varying aetiology. BTX has an antinociceptive effect; decrease in 
daytime frequency, nocturia, and pain and an increase in func- 
tional bladder volume has been demonstrated in BPS/IC. The 
results reported in the literature are conflicting and are as yet from 
a low level of evidence, but there seems to be a potential for BTX. 

The rationale behind the use of surface or percutaneous elec- 
trical nerve stimulation is to relieve pain by stimulation of myeli- 
nated afferents, thus activating segmental inhibitory circuits.°4 
Suprapubic and tibial nerve sites have been tested, all with some 
symptom benefit but controlled studies are scant. Patient self- 
administration makes this a less costly alternative with few harmful 
effects. 

Another off-label therapy is invasive neuromodulation (used for 
frequency and urgency syndromes), either using the sacral nerve 
approach or pudendal nerve stimulation, also with favourable pre- 
liminary results. In one study, the pudendal positioning of the elec- 
trode was the preferred site, and more than 90% of patients stating 
that they, if needed, would undergo repeated implantation.© 


The central nervous system as a 
treatment target 


The long-term appropriate and supervised use of analgesic medi- 
cations forms an integral part of the treatment of a chronic pain 
condition such as BPS. These can include simple analgesics and 
neuromodulatory agents, and frequently a combination of both is 
required for maximal benefit. 

Amitriptyline, a tricyclic antidepressant, has a number of proper- 
ties including muscarinic receptor blockade, inhibition of reuptake 
of released serotonin and noradrenalin, and blockade of histamine 
H1 receptors. This drug is standard in chronic pain treatment and 
can be used alone or in combination with other treatments. It is 
used in doses starting at 10 mg daily, which are slowly increased 
over several weeks to up to 50-75 mg daily as tolerated.® It tends 
to diminish pain, increase bladder capacity, block the actions of his- 
tamine, act as a mild antimuscarinic, and aid sleep. However ‘hang- 
over’ effects are common and it is unsuited to those with active 
occupations. Newer alternatives such as gabapentin and pregabalin 
are now more often used. 

The treatment of pain needs to be addressed directly, and in some 
instances referral to an anaesthesia/pain specialist clinical service 
can be the appropriate early step in conjunction with ongoing treat- 
ment of BPS. The reason is that in chronic pain it is believed that 
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changes occur within the central nervous system (CNS) through- 
out the whole neuraxis and that central changes may be responsible 
for some of the psychological changes that modify pain mecha- 
nisms. Core muscles may become hyperalgesic with multiple trig- 
ger points. Other organs may also become sensitive, such as the 
bowel with ‘irritable bowel’ symptoms. There have been many ideas 
to explain associations, like neuronal sensitization in spinal seg- 
ments of common projection, or that the disease progresses from 
an organ-centred condition to a regional and finally a systemic 
pain syndrome.®® A maladaptive coping strategy, such as a cata- 
strophizing personality is associated with greater pain, increased 
symptoms, and poorer quality of life.6? Generally, the patient’s 
quality of life can be seriously affected, both from a physical and 
psychological standpoint. Thus, other components than bladder 
pain must be identified and deserve attention, too. Involvement of 
various experts may be needed, like pain specialists and the pain 
nurse, physiotherapists, clinical psychologists, and rarely psychia- 
trists. When standard, organ-centred trials of treatment fail, early 
involvement of the multidisciplinary team is vital. If consultation 
is delayed, hypothetically there is a risk that CNS patterns of pain 
processing will be permanently changed, resulting in a chronic pain 
condition. 


When all conservative trials fail: 
the role of major surgery 


Major surgery for BPS is a reasonable alternative for patients with 
severe symptoms who are long-term failures from multiple trials of 
standard conservative strategies, and when the disease course sug- 
gests that spontaneous remission is not to be expected. There are, 
however, serious limitations to major surgery requiring the balanc- 
ing of likely benefits with possible harms, and acceptance of the 
need for a changed lifestyle. Patients with a small bladder capacity 
under anaesthesia are less likely to respond to conservative attempts 
at therapy and have been found to be better candidates for bladder 
reconstruction. In fact, patients with end-stage Hunner’s ulcerative 
IC and severe bladder contracture have the best results with major 
surgery. At this stage of the disease process, there is little pain but 
intolerable urinary frequency. On this indication, subtotal cystec- 
tomy and ileocystoplasty has yielded excellent results.”°7! In con- 
trast, major surgery, irrespective of method, is not likely to benefit 
sufferers of other presentations of BPS/IC.’! In non-Hunner BPS 
patients with debilitating symptoms, the decision is difficult. Here, 
if one conceptualizes BPS as composed of two main components, 
one of pain and the other of frequency, it becomes easier for the 
patient and physician to rationalize the decision. Conduit urinary 
diversion can be relied upon to resolve the frequency symptoms, 
and if the patient would consider this alone sufficient, there is rea- 
son to seriously consider this option. However, pain may persist; 
diversion, or cystectomy with diversion, or even more extensive 
surgery, cannot guarantee a pain-free result,” and it is critical for 
the patient to seriously take this fact into account before the deci- 
sion to embark to this irreversible step. 


Terminology issues 


During the last few years, general consensus has evolved that a 
more sophisticated classification of patients with pain perceived 
in the bladder and lower urinary tract is needed, with a diagnosis 


based solely on symptoms not being sufficient as a basis for treat- 
ment. International confusion among patients, clinicians, and 
healthcare providers as to the nature and meaning of descriptive 
terminology has not helped the proper organization of care for this 
problem and has also hampered badly needed high quality trials of 
treatment options and basic scientific research. In order to design 
a comprehensive classification, the umbrella terms ‘painful blad- 
der syndrome”? or, more recently, ‘bladder pain syndrome’ were 
suggested, incorporating the classic concept of ulcerative IC as a 
separate phenotype.?*”4 Internationally, there are even differences 
in ideas on leading symptoms and all these differences have yet to 
be resolved. An exact and uniform terminology is an indispensable 
basis for science and precisely directed clinical management. 


Conclusion 


The key to the diagnosis for people with bladder pain is symptom rec- 
ognition. Increasing the awareness of BPS by family doctors and other 
primary care practitioners is an important step. When investigating 
BPS, relying only on symptoms is not sufficient. Objective recordings 
are needed to exclude other conditions and to recognize relevant BPS 
phenotypes, especially the classic Hunner’s ulcerative type of disease 
(now termed ESSIC type 3C), and pelvic floor dysfunction/trigger 
points, respectively. Such observation may make immediate and suc- 
cessful treatment possible. To help all patients achieve both symp- 
tom benefit and a coming to terms with the disease is still difficult, 
however. Involvement of the multidisciplinary team should always be 
considered when standard treatments fail. In the future, in order to to 
move forwards, phenotypes based on well-defined criteria, sympto- 
matic as well as objective, have to be established. 
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CHAPTER 2.1 


Epidemiology of stone disease 


Ben Turney and John Reynard 


Introduction to epidemiology 
of stone disease 


The lifetime prevalence of kidney stones is around 10% in devel- 
oped countries and most commonly affects people of working 
age.!~4 After passage of a first stone, the risk of recurrence is around 
40% at 5 years and 75% at 20 years.° Direct and indirect costs asso- 
ciated with kidney stones have been estimated at more than $5 bil- 
lion annually in the United States.® 

The incidence of stone disease is increasing.*”* In part this is 
a true increase and in part a consequence of increased detection 
from radiological investigations done for non-stone symptoms, 
especially abdominal computed tomography (CT), with its high 
sensitivity and specificity for detecting stones.?-!? A recent 
analysis of CT scans performed for colon cancer screening in 
asymptomatic Americans demonstrated a prevalence of renal 
stones in the adult patient population of 7.8%.13 The ‘true 
increase in stone incidence probably relates, at least in part, 
to increased consumption of food with a tendency to promote 
stone formation combined with low fluid intake.!4-!” The epi- 
demic of obesity and increased incidence of the metabolic syn- 
drome are other likely factors.!5-!8 Approximately 25% of stone 
formers have a family history of kidney stone disease,!? but only 
a small minority have a monogenic cause such as cystinuria, 
Dent's disease, and primary hyperoxaluria. Overall, despite the 
increasing prevalence of kidney stones, the majority are catego- 
rized as idiopathic. 


United Kingdom data 


Analysis of NHS Hospital Episodes Statistics (HES) data? suggests 
that over the last decade there has been a 63% increase in the num- 
ber of people in the United Kingdom presenting with a diagnosis of 
upper urinary tract stones.” In 2009-2010 there were over 83,000 
hospital attendances in England. The mean age of presentation 
remained constant at 49 years, but there has been an increase in 
incidence in all age groups. The incidence of stones in children has 
increased 19% in the last 10 years, but the numbers remain rela- 
tively low at around 400 cases per annum. 

As a result of its high prevalence, stone disease is a major con- 
tributor to both emergency and elective urological procedures per- 
formed in the United Kingdom. The numbers of all stone related 
procedures have increased significantly in recent years’: the num- 
ber of ureteroscopies performed for stones is now over 14,000 per 
annum, and the number of lithotripsy treatments over 22,000. The 
reported number of percutaneous nephrolithotomies (PCNLs) in 
2010 was 1,732. Put into context, lithotripsy is being performed 
almost as frequently as transurethral resection of the bladder 


(TURP) or transurethral resection of a bladder tumour (TURBT), 
stone ureteroscopy outnumbers total nephrectomies, prostatecto- 
mies, and cystectomies combined, and annual rates of PCNL and 
cystectomy are now similar. 

Since the advent of less invasive endoscopic surgical options, 
open procedures for stones have declined dramatically. Open stone 
procedures in England have fallen from 278 cases in the year 2000 
to 47 cases in 2010 (83% reduction). 


Intrinsic risk factors for stone formation 


Intrinsic risk factors include age, gender, genetics, and metabolic 
syndromes. The incidence of stone disease peaks between the ages 
of 20 and 60 years. While historically the male to female ratio was 
around 3:1, the gender gap is closing.*?0 

An underlying genetic predisposition to stone disease is sug- 
gested by a number of observations. A twin study demonstrated 
that the heritability of the risk for stones was 56%,*! which indi- 
cates that for a population around half of the risk is due to genetic 
factors and half due to environmental factors. Other studies have 
demonstrated that 30-40% of stone formers have a first-degree 
relative with a positive history of stones.?”?3 An Icelandic study 
suggested that first-time stone formers are 2.25 more likely to have 
an affected first-degree relative. Recurrent stone formers are 10 
times more likely to have an affected first-degree relative.?4 


Extrinsic risk factors 


Extrinsic risk factors implicated in the genesis of stones include 
diet, obesity, and fluid intake; environmental factors (e.g. climate 
and season); and personal circumstances such as stress, occupa- 
tion, and affluence. 

Obesity has an established association with risk of stone forma- 
tion.!>17 Other dietary factors implicated in promoting stone dis- 
ease are low fluid intake (or high fluid loss through exertion), diets 
high in protein, salt (sodium) and oxalate, and low in fruit, fibre, and 
calcium.!+195.26 While it is generally recommended that patients 
should adopt a lifestyle that minimizes stone risk factors, the impact 
of such measures on reducing risk of stone formation and stone events 
is difficult to predict in the individual.?” For some patients, there may 
be benefit in medical management to correct metabolic abnormali- 
ties with drugs such as potassium/magnesium citrate and thiazide 
diuretics. Medical treatments can reduce recurrence rates.?8-32 


Further reading 


Barcelo P, Wuhl O, Servitge E, Rousaud A, Pak CY. Randomized double- 
blind study of potassium citrate in idiopathic hypocitraturic calcium 
nephrolithiasis. J Urol 1993; 150(6):1761-4. 
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CHAPTER 2.2 


Kidney stones 
Types and predisposing factors 


Ben Turney and John Reynard 


General predisposing factors 


Factors that predispose to stone formation are both genetic and 
environmental. Twin studies have suggested the heritability of the 
risk for stones is 56%, suggesting that around half of stones caus- 
ation can be attributed to an underlying genetic background risk.! 
A genetic link is supported by epidemiological studies that suggest 
up to 25% of stone formers have an affected first-degree relative.” 
Occupational or recreational factors resulting in dehydration lead 
to concentration of the urine, which increases the risk of crystalliza- 
tion. Supersaturation of urine is a risk factor for all types of stone 
formation and represents the concentration at which crystals can 
spontaneously nucleate and grow. Urine also contains substances 
such as magnesium, citrate, glycosaminoglycans, and Tamm- 
Horsfall protein (uromodulin) and other proteins that can promote 
or retard urinary crystallization. The amounts of these substances 
determine the concentration boundary between the metastable and 
oversaturated zone (the formation product) (Fig. 2.2.1). At present, 
of these inhibitory factors. Only citrate concentrations can be manip- 
ulated clinically. Maintaining a high fluid intake dilutes the urine, 
keeps the concentration of solutes low, and prevents crystallization. 


Oversaturated zone 
Spontaneous nucleation occurs 


Formation 
product 
Concentration Metastable zone of saturation 
product Spontaneous nucleation may occur 
Solubility 
product 


Undersaturated zone 
Spontaneous nucleation will not occur 


Fig. 2.2.1 Diagram to show the relationship between urinary saturation and 
nucleation of stones. The formation product boundary is determined by both 
the concentration of solutes and the balance of inhibitory and promoting factors 
in urine. 


Medical conditions 


Medical conditions such as bowel disorders (e.g. Crohn's disease 
and following bowel resections), gout, renal disease, endocrine 
conditions (such as hyperparathyroidism and hyperthyroidism) 
increase risk of stone formation. Trauma, bone fracture, and other 
conditions that result in immobilization (spinal cord injury) can 
result in demineralization of bone and hypercalciuria. 


Medications 


Many medications may alter blood and/or urine biochemistry and 
predispose to stone formation. Corticosteroids increase absorp- 
tion of calcium from the gut and cause hypercalciuria. Topirimate 
(for seizures or migraines), sulphasalazine (for rheumatoid arth- 
ritis), diuretics containing triamterene, acetazolamide (for myo- 
tonia), antacids containing trisilicate, calcium supplements, 
vitamin D supplements, vitamin C in high doses, indinavir (for 
HIV), and some herbal medicines (containing ephedrine) all 
increase stone risk. 


Anatomy 


Renal tract anatomical abnormalities, especially those resulting in 
urinary stasis (e.g. pelviureteric junction obstruction, duplex sys- 
tems, and horseshoe kidney) predispose to stone formation. 


Dietary factors 


Dietary factors such as oxalate, animal protein, salt, and strange 
diets and eating disorders (e.g. anorexia) may alter urine biochem- 
istry and predispose to stone formation. 

These risk factors are reflected in the blood and 24-hour urin- 
ary profiles of stone formers. Many stone formers have subtle bio- 
chemical changes that while individually are within normal quoted 
ranges, may nonetheless act synergistically to create an overall 
increase in stone risk. Several algorithms have been developed to 
incorporate some of these factors (e.g. PSF [probability of stone for- 
mation], Pc,o,index, EQUIL, Bonn Risk Index).4® 

Evaluating causative risk factors should take into account life- 
style, medical history, and medication use, dietary factors, and fam- 
ily history as well as analysis of blood and urine biochemistry to try 
and determine and thus reduce the risk of stone recurrence. 
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Calcium oxalate stones 


Around 90% of kidney stones contain calcium either as calcium 
oxalate or calcium phosphate. Nearly 80% of all kidney stones are 
composed of calcium and oxalate. Calcium oxalate supersatur- 
ation is independent of urinary pH. The most common metabolic 
abnormality found in patients with recurrent stones is hypercal- 
ciuria, defined as excretion of >7 mmol of calcium per day in men 
and >6 mmol per day in women.” While most commonly famil- 
ial and idiopathic, hypercalciuria is strongly influenced by diet. 
Hypercalciuria can be categorized into three main groups: absorp- 
tive (increased intestinal absorption); renal (renal leak of calcium); 
and resorptive (increased demineralization of bone). Small subsets 
of patients with hypercalciuria also have hypercalcaemia, and most 
of these have primary hyperparathyroidism. Stone formation has a 
higher prevalence in hyperparathyroid patients stones but the urine 
profiles of those that form stones are indistinguishable from those 
that do not.®? Thus, stone risk in these patients cannot be attributed 
to hypercalciuria alone. 

Calcium oxalate stones can also form as a consequence of excess 
amounts of oxalate in the urine (hyperoxaluria). This may be dis- 
covered in people with a history of inflammatory disease or surgery 
of the intestinal tract resulting in changes in the homeostasis of 
calcium and oxalate (enteric hyperoxaluria). More rarely, primary 
hyperoxaluria (due to enzyme defects in the liver) results in high 
urinary oxalate levels. Ascorbic acid and high protein intake also 
increase oxalate production. 

Citrate forms a soluble complex with calcium (chelation), and 
prevents complexing of calcium with oxalate. Hypocitraturia may 
be idiopathic or due to rarer disorders such as distal renal tubular 
acidosis, hypokalaemia, and carbonic anhydrase inhibitors. 

Calcium oxalate stones may also precipitate on a urate crystal 
nidus. Thus, hyperuricosuria may contribute to calcium oxalate 
stone formation. 


Uric acid stones 


Around 5-10% of stones are predominantly uric acid (urate). Uric 
acid is produced from protein breakdown. Unlike birds, humans 
are unable to convert uric acid (which is relatively insoluble) into 
allantoin (which is very soluble). Uric acid exists in two forms in 
urine: uric acid and sodium urate. Sodium urate is 20 times more 
soluble than uric acid. At a urine pH of 5, <20% of uric acid is pre- 
sent as soluble sodium urate. At a urine pH of 5.5, half the uric 
acid is ionized as sodium urate (soluble) and half is non-ionized as 
free uric acid (insoluble). At a urine pH of 6.5, >90% of uric acid 
is present as soluble sodium urate. Thus, uric acid is essentially 
insoluble in acid urine and soluble in alkaline urine. Low urinary 
pH and high levels of urinary uric acid predispose to urate stones. 
Patients with metabolic syndrome and those who consume high 
levels of animal protein are particularly at risk. Changes in diet and 
the obesity epidemic in resource rich countries are translating into 
increasing numbers of uric acid stones. 

Gout is also associated with uric acid stone formation. Around 
20% of patients with gout form uric acid stones, and conversely 
around 50% of patients with uric acid stones have gout. A patient 
with gout has a risk of stone formation of around 1% per year from 


the time of the first attack of gout. Myeloproliferative disorders 
(especially following treatment with cytotoxic drugs) result in a 
high turnover of cells and release of nucleic acids, which are con- 
verted to uric acid. Consequently these patients are at risk of uric 
acid stones. 


Struvite stones (infection stones) 


Struvite stones (also known as infection stones, triple phosphate 
stones, and MAP stones—magnesium ammonium phosphate) are 
composed of mixtures of magnesium, ammonium, phosphate, and 
calcium carbonate phosphate crystals. Struvite stones form 2-20% 
of all stones depending on the country. These stones develop as a 
consequence of recurrent or chronic urinary tract infection with 
urease-producing bacteria, which produce ammonia from break- 
down of urea (urease hydrolyses urea to carbon dioxide and ammo- 
nium), and in so doing, alkalinize urine: 


NH, -O -NH, +2H,O > 2NH, +CO, +H,O > 2NH/ + HCO; +H* 


Struvite stones that occupy the renal pelvis and one or more calyces 
are known as staghorn stones. 


Calcium phosphate stones 


Calcium phosphate stones often contain a calcium oxalate com- 
ponent and may form the nidus on which calcium oxalate stones 
form. Pure calcium phosphate stones are relatively rare and occur 
in patients with some types of renal tubular acidosis (RTA)—a 
state of metabolic acidosis with high urinary pH, consequent 
on an inability to acidify urine. There are several types of RTA. 
Only types I (distal RTA) and III are associated with renal stones. 
Approximately 70% of RTA type I patients form stones. 

In type I (distal) RTA the distal tubule is unable to maintain a 
proton gradient between the blood and the tubular fluid. This 
results in a metabolic acidosis with high urinary pH. Alkaline urine 
(pH >5.5), supersaturated with calcium and phosphate, and com- 
bined with hypocitraturia leads to calcium phosphate stone forma- 
tion. Type III RTA is a variant of type I. In type II (proximal) RTA, 
there is a failure of bicarbonate resorption in the proximal tubule. 
There is an associated protective increase in urinary citrate excre- 
tion. Type IV RTA is observed in diabetic nephropathy and intersti- 
tial renal disease and is not associated with renal stone formation. 
The ammonium chloride loading test can be used to confirm RTA 
in patients with persistently high urinary pH (pH >5.5). 


Cystine stones 


Cystine stones account for only 1% of all kidney stones. Cystine 
stones occur only in patients with cystinuria, an autosomal reces- 
sive inherited condition in which a transmembrane amino acid 
transporter is defective. This results in decreased absorption of 
cystine, ornithine, arginine, and lysine from the gut and proximal 
tubule of the kidney. Cystine is insoluble, particularly in acidic 
urine, and precipitates from the proximal tubule. 
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Evaluation of stone formers 


Muhammad Waqas Iqbal, Ghalib Jibara, 
Michael E. Lipkin, and Glenn M. Preminger 


Epidemiology 

Worldwide epidemiological data show an increase in incidence 
and prevalence of kidney stone disease. In the United States, stone 
disease affects approximately 10% of the population, with a 1.4% 
increase in stone prevalence over the last 20 years.! Similar trends 
have been noted in other developed countries like Germany, where 
the incidence of stone disease rose from 0.54% to 1.47% over a 10- 
year period,” and Japan where between 1965 and 1995, a significant 
increase in incidence of stone disease was seen.* Although wider 
availability of more sensitive diagnostic tools like computed tom- 
ography (CT) imaging may be partly responsible for this trend, 
modern-day lifestyle, dietary habits with a notably high salt and 
high acid ash content (a diet high in animal protein), and a boom in 
obesity and accompanying insulin resistance are potential factors 
contributing towards this trend.* 

Whereas traditionally males were affected two to three times 
more frequently than females, recent data suggests that female 
nephrolithiasis prevalence is fast approaching that in males. This 
finding is especially true for those of African American heritage.” 
Peak occurrence of stone disease occurs in the fourth to sixth 
decade.® 

Nephrolithiasis has a higher prevalence in hot or dry climates 
(mountainous, desert, or tropical regions). Worldwide regions of 
high stone prevalence include the United States, United Kingdom, 
Scandinavian, and Mediterranean countries, northern India and 
Pakistan, northern Australia, central Europe, portions of the Malay 
peninsula, and China, a region collectively known as the ‘Stone Belt.” 

The prevalence and incident risk of nephrolithiasis are directly 
correlated with weight and body mass index (BMI) in both genders, 
although the magnitude of this association is greater in women 
than in men.®? 

A study from Duke University found that the most common 
metabolic disturbances in obese patients with body mass index 
greater than 30 were gouty diathesis (54%) and hypocitraturia 
(54%), followed by hyperuricosuria (43%).!° Eisner and associates 
examined the relationship between BMI and 24-hour urine constit- 
uents and found a significant relationship between BMI, increasing 
urinary sodium and low pH in men, and increasing urinary uric 
acid, sodium, and decreasing citrate in women.1! 

The geographical distribution of stone disease within the 
United States is variable, with the southeastern regions having a 
stone prevalence 50% higher than the northwestern region.! It is 
hypothesized that higher mean annual temperatures 8°C higher 


in the southeast account for 70% of this variability (by affecting 
hydration status and urine volumes), while other risk factors such 
as age, gender, race, diuretic use, and sunlight index account for 
the rest.!2-15 

It is expected that with global warming, mean annual temper- 
atures will rise further in the United States leading to northwest 
expansion of the Stone Belt and an increase in prevalence of stone 
disease. Brikowski has predicted that as the proportion of US popu- 
lation living in high risk stone zones increases from 40% in 2000 
to 56% by 2050, and to 70% by 2095, there would be a 30% rise in 
cases of nephrolithiasis, representing 1.6 to 2.2 million new cases 
by 2050.14 


Evaluation of stone formers 


The stone recurrence rates among first-time stone formers is 
as high as 50% over 5-10 years, but with appropriate medical 
treatment stone remission rates are as high as 80-90%.!5 The 
principal purpose of biochemical evaluation of stone formers is 
to prevent stone recurrence in high risk groups and to minim- 
ize the growth of any existing stones.!® The counter-argument 
to such evaluation is that since 50% of stone formers will not 
experience a recurrence in their lifetime, why bother with a 
comprehensive evaluation.” However, based on Pak’s finding 
single stone formers to have the same incidence and severity of 
metabolic abnormalities as recurrent stone formers, !* we believe 
that all stone formers, whether single or recurrent, should have 
a basic evaluation to identify any factors that may predispose to 
recurrent stone formation. The basic evaluation is reviewed in 
Box 2.3.1. 


History 


A focused medical history should be obtained in all stone formers 
to identify conditions that may require a detailed metabolic evalu- 
ation, a history of previous stone episodes, and family history of 
stone disease (both important predictors of recurrence). While 
25% of patients with urolithiasis have a positive family history, the 
relative risk of stone formation is higher in men with positive fam- 
ily history compared to women.!9 


+ Inflammatory bowel disease (Crohns, ulcerative colitis), chronic 
diarrhoea, tropical spruce, short bowel, blind loop syndromes, 
gastric bypass surgery, ileostomy, colostomy, or various malab- 
sorption syndromes may lead to dehydration, low urine volumes, 


Box 2.3.1 Basic evaluation for all stone formers 


History 
Physical exam 
Serum chemistry 


+ Chem-7 (serum sodium, potassium, chloride, urea, creatinine, 
bicarbonate) 


+ Serum calcium, phosphate 

+ Serum uric acid 

+ Parathyroid hormone (intact) 

Urine analysis 

+ pH 

+ Crystals 

+ WBC, RBC, Leukocyte esterase, Nitrite 


Urine culture 

Stone analysis 

Urine for qualitative cystine if stone analysis not available 
Radiological imaging 


+ Stone protocol CT scan (CT-KUB) 


hypocitraturia, gouty diathesis, or enteric hyperoxaluria, thus 
increasing the risk of calcium oxalate and uric acid stone disease. 


+ A history of recurrent urinary tract infections may indicate the 
presence of struvite stones. 


+ Abdominal pain, bony pain, polyuria, and polydypsia may indi- 
cate primary hyperparathyroidism with hypercalcaemia and pos- 
sible calcium phosphate stones. 


+ Malignant tumours and granulomatous lung diseases (sarcoid- 
osis, tuberculosis), may cause hypercalcaemia, and hence stone 
disease. 


+ Gout or cancer chemotherapy are associated with uric acid stones. 


+ Diabetics are more prone to stone disease because of altered 
ammonia metabolism in the renal tubules and hypocitraturia. 


+ A focused dietary history should include query about animal 
protein content, consumption of high oxalate foods, excessive 
calcium products, and fluid intake. 


+ Finally, the patients’ occupation may identify occupational risk 
factors for stone disease (e.g. heavily physical labour). 


Physical examination 


Physical exam may give clues to bony diseases like hypophos- 
phataemic rickets; lymphadenopathy may identify metastatic 
processes, or haematological or lymphoproliferative disorders. 
Patients may have undergone gastrointestinal surgery and may 
have an ileostomy or colostomy, or may appear malnourished sec- 
ondary to malabsorption syndromes. Immobility may predispose 
to hypercalciuria and calcium stone disease (spinal cord injury, 
for example). Patients with neurologic deficits, urinary incontin- 
ence, and history of urinary tract infections may have infectious 
(struvite) stones. 
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Serum chemistry and haematological tests 


A full-blood count may indicate an occult haematological malig- 
nancy. Hypokalaemia, hyperchloraemia, and low bicarbonate levels 
may indicate type I (distal) renal tubular acidosis. High serum cal- 
cium levels need to be corrected to albumin levels. If high, a serum 
parathormone level should be checked. Low serum phosphate lev- 
els may indicate type II] hypercalciuria. 


Urine analysis 


‘The specific gravity of urine is an indicator of hydration status for 
dehydrated patients having persistently high specific gravity, and 
for well-hydrated patients having specific gravity around 1,010. A 
persistently low urinary pH less than 5.5 indicates a gouty diathesis 
with the resulting risk of calcium oxalate and/or uric acid lithia- 
sis. A persistent pH >6.5 may indicate type I renal tubular acidosis 
and warrants further investigation. A persistent pH >7.5 may indi- 
cate urinary tract infection with urea splitting organisms (Proteus, 
Pseudomonas, Klebsiella, or staphylococcal species), which are 
associated with formation of struvite stones. The presence of a posi- 
tive leukocyte esterase, nitrite, and white blood cells may indicate 
an infection warranting urine culture. 

Urine microscopy of sediments may identify various crystal 
types. The presence of hexagonal crystals indicates cystinuria, while 
the presence of rectangular coffin lid crystals indicates struvite 
stones. Tetrahedral envelope-shaped calcium oxalate crystals can 
be a normal finding in a number of non-stone formers. 


Stone analysis 


Stone analysis is an important parameter, giving clues not only to 
potential metabolic disorders predisposing to stone formation, but 
also determines whether a specific metabolic evaluation is needed in 
a particular patient. It may even guide the surgeon towards choosing 
the ideal modality of treatment, or direct future surgical therapy to 
remove similar stones in the future. Patients with pure uric acid and 
cystine stones require a modified evaluation, whereas patients with 
100% struvite stones do not need a 24-hour urine for evaluation. 
Patients with calcium phosphate stones may require an ammonium 
chloride loading test to identify occult renal tubular acidosis. 

The generally accepted methods of stone analysis are X-ray diffrac- 
tion and infrared spectroscopy. Polarization microscopy is also a reli- 
able method, but may only be available in highly specialized centres. 

Stone type identification by assessment of Hounsfield readings 
on CT imaging are unreliable because of significant overlap among 
various stone types. Recent evidence suggests that dual energy CT 
may be able to predict in vivo stone composition.” 


Radiological evaluation 


Plain abdominal radiography, also referred to as flat plate or KUB 
radiography (‘kidneys, ureter, bladder’), is useful for a rapid assess- 
ment of total stone burden, size, shape, composition, and location 
of urinary calculi in a single image. The majority of upper urinary 
tract calculi are radio-opaque (since most contain calcium oxalate), 
but pure uric acid, indinavir, and cystine calculi are relatively radio- 
lucent on plain radiography. Plain abdominal imaging has rela- 
tively low sensitivity (40-50%) and specificity for renal and ureteral 
calculi. Many patients have pelvic calcifications that make specific 
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stone diagnosis difficult. Calcific densities on a KUB radiograph 
that overlie the course of the ureter may not be a stone. 

While not completely extinct in high-income countries, intraven- 
ous urography is far less frequently used in the era of the CT-KUB 
(also known as a non-contrast CT—NCCT), now considered the 
gold standard for diagnosis of urolithiasis because of its high sensitiv- 
ity and specificity.2! The CT-KUB can reliably detect all stone types 
except indinavir stones, provides detailed anatomic information with 
regard to atone location and renal anatomy, and can identify obstruc- 
tion (hydronephrosis, perinephric stranding) without the need for 
any bowel preparation or intravenous contrast. The radiation dose 
with modern CT stone protocols is comparable to an intravenous 
urogram (IVU). In addition, CT can identify non-urological causes 
of flank pain such as acute appendicitis, diverticulitis, or leaking 
abdominal aortic aneurysms. CT is considered the imaging modality 
of choice to document stone-free status after stone intervention. 

Ultrasonography avoids radiation exposure, but has considerably 
poorer sensitivity and specificity for identifying stones. A recent 
meta-analysis comparing CT to ultrasonography indicated a sen- 
sitivity of 44.5% and specificity of 93.8% for ureteric calculi, and 
44.7% sensitivity (55.3% false negatives; i.e. more than half of stones 
not identified) and 87.5% specificity for renal calculi. 

The combination of renal ultrasound with X-ray KUB improves 
sensitivity to 77-96% and specificity to 91-93%.7374 


Radiological evaluation in the context of suspected 
ureteric stone disease 


According to the recent American Urological Association (AUA) 
imaging guidelines for patients presenting with severe flank pain, 
a non-contrast CT (NCCT) is the preferred initial imaging modal- 
ity of choice (level A evidence).2° Low-dose CT (<4 mSv) is pre- 
ferred for patients with a BMI <30, as this imaging study limits the 
potential radiation exposure while maintaining both sensitivity and 
specificity at 90% or higher. Low-dose CT is not recommended for 
those with a BMI >30 due to lower sensitivity and specificity. Renal 
ultrasonography combined with plain KUB X-ray is a reasonable 
alternative to NCCT in known stone formers previously known to 
have had radio-opaque stones. Sensitivities of 58-100% and spe- 
cificities of 37.2-100% have been reported for this combination of 
modalities (level C evidence).2°-28 

The AUA imaging guidelines recommend a standard KUB X-ray 
be performed if the stone is not visible on the CT scout image, so 
that patients with stones identifiable on the initial KUB X-ray, but 
not on the CT scout film can be followed by KUB X-ray.29° 

The preferred initial imaging modality in children is renal ultra- 
sound, to eliminate radiation risk. Low-dose CT should be con- 
sidered where a ureteric stone is still suspected but ultrasound is 
non-diagnostic. For the same reason, renal ultrasonography is the 
initial imaging modality of choice during pregnancy. In the first 
trimester where the diagnosis is not established, MRI without con- 
trast should be considered as second-line imaging modality. MRI 
helps us to identify the level of obstruction and may provide an 
estimate of stone size. The AUA guidelines further recommend that 
low-dose CT may be performed for women in the second and third 
trimesters if ultrasonography is not diagnostic. This recommenda- 
tion is further endorsed by the American Congress of Obstetricians 
and Gynecologists (ACOG), which suggests that an exposure of 


less than 5 rads, a threshold well above the average for a low-dose 
CT, is not associated with the development of foetal anomalies.*! 


Radiological evaluation in the context of medical 
expulsive therapy for ureteric stones 


The AUA imaging guidelines for ureteral calculi also provide rec- 
ommendations for follow-up imaging after medical expulsive 
therapy (MET) or definitive treatment. Patients with a known 
radio-opaque ureteral calculus on MET can be followed by a com- 
bination of ultrasonography and plain KUB. However, for patients 
who continue to have symptoms, without evidence of stone passage, 
and where ultrasound and KUB X-ray fail to demonstrate hydrone- 
phrosis or a persistent stone, further imaging either with oblique 
plain radiographs or low-dose NCCT limited to the area of inter- 
est is indicated. Patients with known radiolucent stones on MET, 
who continue to have symptoms without evidence of stone passage, 
require repeated low-dose NCCT to confirm stone passage. 


Radiological evaluation post-stone treatment 


Patients who have undergone ureteroscopy with stone fragmen- 
tation should undergo follow-up imaging with a ultrasound (for 
radiolucent stones in an asymptomatic patient) or an ultrasound 
and KUB X-ray (for radio-opaque stones) to detect any residual 
fragments and/or hydronephrosis. For patients with an initially 
radiolucent stone who remain symptomatic or who have hydrone- 
phrosis on an ultrasound, a low-dose NCCT to identify obstructing 
residual fragments is indicated. 

For patients treated post-ESWL (extracorporeal shock wave litho- 
tripsy), a follow-up KUB X-ray for radio-opaque stones or renal 
ultrasound for those with radiolucent stones should be performed. 
For the asymptomatic patient where the KUB X-ray and ultrasound 
are negative, no further imaging is required. If hydronephrosis and/ 
or residual fragments are identified, further observation with repeat 
imaging or secondary treatment are necessary. Patients with radio- 
lucent stones and no hydronephrosis who remain symptomatic or 
those who are asymptomatic, but have not passed fragments should 
be further observed with repeat imaging or intervention as indicated. 


Metabolic evaluation 


There continues to be debate as to which patients should undergo 
comprehensive metabolic evaluation. In a meta-analysis of rand- 
omized trials for medical prevention of calcium oxalate nephro- 
lithiasis versus placebo, Pearle found clinical benefit in terms of 
reduced stone recurrence rates only in the groups offered specific 
medical therapy targeted at specific metabolic defects.3 Hence, 
allopurinol was effective only in studies with hyperuricosuria; thi- 
azides worked best in patients with hypercalciuria; potassium cit- 
rate was effective only in patients with hypocitraturia. 
Conservative therapy alone without comprehensive metabolic 
evaluation does decrease stone recurrence. Dietary management 
alone decreases the rate of stone recurrence in 58% of patients 
with a range of metabolic conditions. A 71% and 47% reduction 
in stone formation in patients with hypercalciuria and hyperurico- 
suria while on high fluid intake and avoiding dietary excesses has 
been reported.*? That said, several studies report drug therapy to 
be more cost-effective.*4-77 Of note, the majority of models of cost- 
effectiveness are based on idiopathic calcium oxalate stone formers. 


Cost-effectiveness of metabolic evaluation 


Concerns have been raised about the cost of preventive medical 
therapy versus no such treatment. Chandhoke evaluated the cost 
of metabolic evaluation, drugs, and doctor office visits with the cost 
of acute stone management.*® Data was collected from academic 
centres in 10 countries, which showed there was great variability 
in cost of medical and surgical therapies across various countries. 
For a recurrent stone former, the frequency of stone recurrence, 
at which medical therapy on the one hand and the cost of manag- 
ing an acute stone episode on the other becomes equal for calcium 
stone disease ranged from 0.58 stones/year in the United Kingdom 
to 4.4 in Germany. In other words—medical prophylaxis becomes 
cost-effective only if a stone recurs at least once every two years. 
With less frequent recurrence, the benefits at least in terms of cost, 
of metabolic evaluation combined with medical therapy, are ques- 
tionable. However, the benefits in terms of enhanced quality of life 
and time lost from work, neither of which the study addressed, 
may shift the balance in favour of metabolic evaluation combined 
with medical therapy. First-time stone formers are keen to pursue 
stone prevention strategies (metabolic evaluation and preventive 
therapy),°° which suggests that stone disease has a very significant 
impact on quality of life. 


Patients requiring comprehensive 
metabolic evaluation 


Patients with non-calcium stones, notably pure uric acid and cyst- 
eine stones, have additional significant metabolic abnormalities 
that require a more extensive metabolic evaluation. 

With the caveats noted above, patients with recurrent, mul- 
tiple, bilateral, or residual calcium stone disease are likely to 
benefit from metabolic evaluation. Patients with stones that 
are difficult to treat (e.g. those with spinal deformities, other 
anatomic abnormalities that make renal access problematic, or 
morbid obesity) are also likely to benefit from a more thorough 
metabolic evaluation aiming at a preventive strategy. Box 2.3.2 
gives a detailed list of patients at increased risk of stone recur- 
rence, who are more likely to benefit from a comprehensive 
metabolic evaluation. 


Metabolic evaluation in patients forming 
non-calcium stones 


Patients with pure uric acid stones should have a 24-hour urine for 
quantification of uric acid, pH, and creatinine (to assess adequacy of 
collection). Patients with cystine stones should also complete a 24- 
hour urine collection because they have an increased likelihood of 
associated metabolic abnormalities. Pure struvite stones do not require 
a metabolic evaluation. However, patients with stones with a mixed 
calcium component should undergo a comprehensive evaluation. 


Metabolic evaluation for calcium stone formers 


A comprehensive metabolic evaluation currently involves collec- 
tion of one or two 24-hour urine studies on random diet.4° The 
major difference between this evaluation and the original compre- 
hensive evaluation first described by Pak, is that different types of 
absorptive and renal leak hypercalciuria cannot be differentiated. 
All patients with normal serum calcium and hypercalciuria are 
treated with thiazide diuretics. 
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Box 2.3.2 Patients at high risk for recurrent stone disease 


+ History of recurrent stone formation 
+ Multiple stones 

+ Bilateral stones 

+ Children with stones 

Mixed struvite stones 

+ Uric acid stones 

+ Cystine stones 

+ Brushite stones 

+ Hyperparathyroidism 


+ Gastrointestinal diseases (inflammatory bowel disease, short 
bowel, gut diversions, malabsorption syndromes, bariatric 
surgery) 


+ Family history of stone disease 

+ Residual stone fragments (three months after stone therapy) 
+ Solitary kidney 

+ Transplanted kidney 

 Nephrocalcinosis 

+ Bone disease 

+ Renal tubular acidosis type I 

+ Renal insufficiency 


Metabolic diseases (gout, diabetes mellitus type 2, metabolic 
syndrome) 


+ Stones that are difficult to treat because of anatomic abnormal- 
ities that make renal access problematic (e.g. spinal deformity, 
morbid obesity) 


+ Urinary tract reconstruction, solitary kidney, neuropathic 
bladder, special professions (e.g. pilots, frequent business 


travellers) 


Prerequisites of 24-hour urine collection 


Patients should be on their normal routine of diet and physical 
activity. Any urinary tract infection should be treated before the 
collection, as this may lead to abnormally high pH and hypoci- 
traturia. The urine collections should not be performed during an 
acute stone event, but can be performed four to six weeks after 
stone passage or a urological intervention. It is not necessary that a 
patient be stone-free during the collections, but they should not be 
obstructed or infected. The adequacy of collection can be checked 
by measuring total creatinine or creatinine/kg and compared to 
standards. 

At Duke University Stone Center in the United States, we 
perform two 24-hour urine collections on a random diet, fol- 
lowed by dietary or medicinal modification of urinary risk fac- 
tors. Another 24-hour collection is repeated in four months to 
confirm compliance, identify the need for dose adjustment, and 
identify side effects. We repeat the 24-hour collection every six 
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months until urinary risk factors have stabilized, and then yearly 
thereafter. 


Metabolic classification 


Once we have the results of metabolic evaluation and stone ana- 
lysis, urological stone disease may be classified as calcium-based 
nephrolithiasis and non-calcium stones. Figure 2.3.1 gives the 
metabolic classification of nephrolithiasis. 


Calcium-based nephrolithiasis 


This includes calcium oxalate and calcium phosphate stones. 
Calcium oxalate stones are further classified into monohydrate and 
dihydrate. Calcium oxalate accounts for 40-60% of stone disease, 
while calcium phosphate accounts for 2-4% of stones.*! Patients 
with calcium-based stones have a variety of metabolic abnormali- 
ties on 24-hour urine samples. The most common diagnosis is low 
urine volume followed by hypercalciuria, hypocitraturia, hyperox- 
aluria, hyperuricosuria, and gouty diathesis. 

Hypercalciuria is defined as a 24-hour urine calcium greater 
than 250 mg in men and 200 mg in women. This is the most com- 
mon abnormality found in stone formers. Hypercalciuria may 
be further classified into absorptive, renal leak, and resorptive 
hypercalciuria. This categorization is possible only with an exten- 
sive metabolic evaluation and the calcium fast and loading tests. 
Absorptive hypercalciuria results from increased calcium absorp- 
tion from the intestinal tract, with fasting urinary calcium levels 


Metabolic Diagnosis 


Hypercalciuria 


Hyperoxaluria 


Calcium-based: 


Ca-Oxalate 
Ca PO4 


Nephrolithiasis 


Non-calcium 


stones: Uric acid, 
Struvite, Cystine 


Fig. 2.3.1 Metabolic classification of nephrolithiasis. 


Hypocitraturia 


Uric acid 
nephrolithiasis 


Cystinuria 


being normal. Patients with absorptive hypercalciuria have nor- 
mal serum paratharmone levels. The exact aetiology of absorptive 
hypercalciuria is not clearly defined, as both vitamin D-associated 
as well as independent processes have been invoked to explain this 
effect. 

Patients with absorptive hypercalciuria type I have increased 
urinary excretion of calcium despite being on a calcium-restricted 
diet, whereas in type II, urinary calcium normalizes on diet 
restricted in calcium, but is high on a regular diet. Type III hyper- 
calciuria is secondary to renal phosphate leak leading to low serum 
phosphate levels, which in turn stimulate increased vitamin D pro- 
duction, resulting in increased absorption of calcium and phos- 
phate from the intestine. 

Renal leak hypercalciuria results from an intrinsic defect in the 
distal renal tubule leading to increased loss of calcium in urine. 
These patients have normal serum calcium levels, with mildly 
elevated levels of serum paratharmone to maintain calcium 
homeostasis. 

Resorptive hypercalciuria results from increased mobilization 
of calcium from bone as a result of primary hyperparathyroidism. 
This condition is diagnosed by increased serum calcium, low phos- 
phate and increased intact parathormone levels (i-PTH). Primary 
hyperparathyroidism causes stone disease only in 1-2% of cases.” 
Increased parathyroid hormone causes increased mobilization of 
calcium and phosphate from bone as well as increased production 
of vitamin D3 in kidneys, which in turn leads to increased absorp- 
tion of calcium and phosphate from the intestine. There is selective 


Increased absorption 
of calcium from 
intestine; renal leak 
of calcium, 
hyperparathyroidism 


Absorptive hypercalciuria 
Renal leak hypercalciuria 
Resorbtive hypercalciuria 


Enteric hyperoxaluria 
Dietary hyperoxaluria 
Primary hyperoxaluria 
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loss of phosphate from the kidneys. This action causes elevated 
serum calcium and low serum phosphate levels. 

Hyperoxaluria is defined as urine oxalate levels greater than 40 
mg/day. Hyperoxaluria occurs as enteric, dietary, and primary 
forms. Hyperoxaluria is most commonly due to increased oxalate 
absorption from the intestine—enteric hyperoxaluria. This defect 
occurs in conditions leading to intestinal malabsorption. Normally 
the dietary calcium binds to oxalate to form complexes which are 
not absorbed. During intestinal malabsorption, excess of fatty acids 
bind with calcium to form salts, leading to increased availability of 
free oxalate, which is absorbed from the intestine. Poorly absorbed 
fatty acids increase the permeability of the colon to oxalate, fur- 
ther increasing oxalate absorption. This action may occur in a 
number of conditions including inflammatory bowel disease, short 
gut syndrome, bacterial overgrowth, blind loop syndromes, and so 
on. Patients with intestinal malabsorption also have a host of other 
metabolic abnormalities including low urine volumes secondary to 
intestinal fluid loss, mild metabolic acidosis due to intestinal alkali 
loss, hypocitraturia, gouty diathesis, and low urinary calcium lev- 
els because of complexation with fatty acids. Dietary hyperoxaluria 
occurs as a result of excessive intake of oxalate-rich foods, espe- 
cially in the realm of relative calcium restriction; very high doses of 
vitamin C (>2,000 mg/day) may also cause hyperoxaluria because 
of conversion of ascorbic acid into oxalate in the liver. 

Hyperoxaluria also occurs as autosomal recessive inherited dis- 
order known as primary hyperoxaluria. Type I hyperoxaluria results 
from deficiency of the enzyme alanine glyoxylate aminotransferase 
that catalyses conversion of glyoxylate to glycine in liver. Primary 
hyperoxaluria type I] results from deficiency of the enzyme glyoxy- 
late reductase in the liver, resulting in high oxalate levels. Type II 
hyperoxaluria has a less aggressive course with less occurrence of 
renal failure compared to type I, however it may lead to hyperox- 
aluric nephrolithiasis.# 

Patients with primary hyperoxaluria and end-stage renal failure 
require a combined kidney and liver transplant to prevent disease 
recurrence in the graft kidney. 


Hyperuricosuric calcium oxalate nephrolithiasis 


This condition is defined as 24-hour urine excretion of uric acid 
of more than 800 mg. Hyperuricosuria can lead to increased cal- 
cium oxalate stone disease by providing a nidus for calcium oxalate 
crystal deposition, a process known as heterogeneous nucleation 
or epitaxy.*4 Rarely, these patients have a history of hyperuricemia 
and symptomatic gout. Patients with hyperuricosuria with normal 
urinary pH may form calcium oxalate stones, whereas those with 
hyperuricosuria and gouty diathesis (urine pH < 5.5) may form cal- 
cium oxalate or pure uric acid stones. 

Calcium phosphate stones are commonly associated with hyper- 
parathyroidism and renal tubular acidosis. Such stones occur in 
two forms—carbonate apatite and brushite. Carbonate apatite crys- 
tallization occurs at pH levels of 26.8, may be infection related, or 
may form mixed stones with calcium oxalate. Brushite crystallizes 
in a very narrow range of pH between 6.5-6.8. 


Hypocitraturia 


Hypocitraturia is defined as urinary citrate levels less than 450 in 
men and 550 in women. Citrate is an important inhibitor of cal- 
cium nephrolithiasis. It binds with calcium, decreasing availability 
of ionic calcium to precipitate oxalate or phosphate. It also acts as a 
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direct inhibitor of calcium oxalate crystallization and prevents het- 
erogeneous nucleation of calcium oxalate by monosodium urate.46 
Hypocitraturia has varied aetiologies, but is usually based on acid- 
base balance within the body such as renal tubular acidosis, hypo- 
kalaemia, increased animal protein diet, systemic acidosis, chronic 
diarrheal states, or thiazide diuretics. 

Renal tubular acidosis (RTA) is a heterogeneous disorder char- 
acterized by inability of the nephrons to acidify urine. Distal RTA 
type I is characterized by non-anion gap metabolic acidosis with 
hyperchloremia, which is hypokalaemia with profoundly low 
urinary citrate levels.4” The urinary pH is consistently more than 
6.5. Patients may have the complete or overt version with typical 
metabolic findings. The covert type or incomplete RTA has less 
profound hypocitraturia and normal urinary pH. This can be diag- 
nosed by ammonium chloride loading test. The first voided urine 
specimen is sometimes used to identify type I RTA, these patients 
typically having a morning urinary pH no lower than 5.5. Renal 
tubular acidosis may also occur as an acquired disorder in condi- 
tions such as obstructive uropathy, pyelonephritis, analgesic neph- 
ropathy, acute tubular necrosis, renal transplantation, sarcoidosis, 
and primary hyperparathyroidism.** 


Hypomagnesuria 


Magnesium is an important inhibitor of calcium oxalate stone dis- 
ease and may be low in conditions such as inflammatory bowel dis- 
orders, excessive laxative use, or chronic thiazide use. 


Non-calcium nephrolithiasis 


These include patients with pure uric acid, cystine, and struvite 
stones. 


Uric acid nephrolithiasis 


Uric acid stones are most commonly associated with gouty diath- 
esis, defined as a urine pH less than 5.5. Low urine volumes with a 
normal acid load from a normal diet may cause significant lowering 
of urinary pH. The solubility of uric acid depends upon urinary pH, 
with more than 90% of uric acid being ionized and soluble at a pH 
of 6.5, but only 50% of uric acid being soluble at a pH of 5.5.4 

Hyperuricosuria is rare in pure uric acid stone formers. Patients 
on cancer chemotherapy are predisposed to hyperuricosuria; how- 
ever, the modern practice of prescribing allopurinol, a xanthine 
oxidase inhibitor, prevents high levels of uric acid. 


Cystinuria 
Cystine stones form as a result of an inborn error of metabolism 
known as cystinuria. It is an autosomal recessive trait resulting in 
defective transepithelial transport of a number of amino acids at 
the level of renal tubule including cystine, ornithine, lysine, and 
arginine (COLA). 

In addition to cystinuria, patients with cystine stones often have 
a number of additional metabolic defects including hypocitraturia, 
hyperuricosuria, and hypercalciuria in 44.4%, 22.2%, and 18.5%, 
respectively.°° 


Struvite nephrolithiasis 


These stones are composed of magnesium ammonium phosphate. 
Struvite stones are associated with organisms which produce an 
enzyme urease, which converts urea, a major metabolite of protein 
metabolism, into ammonia. The ammonium hydroxide converts 
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the urinary pH to alkaline, with pH levels exceeding 7.5 and ensu- 
ing precipitation of magnesium ammonium phosphate.5!? 
Patients with pure struvite stones do not need a metabolic evalu- 
ation, whereas patients with a mixed composition (struvite plus 
calcium components) may have underlying urinary metabolic 
abnormalities, which may contribute to stone formation.*° 


Dietary risk factors identified 
from metabolic evaluation 


Low urine volume (<2 litres/24 hours) by increasing the super 
saturation of solutes may increase risk for calcium or non- 
calcium nephrolithiasis. This is one of the least expensive and 
easily modifiable risk factors to prevent recurrent stone forma- 
tion. Dietary sodium has a significant bearing on urinary cal- 
cium levels. Urinary calcium excretion increases by 25 mg for 
every 100 mmol increase in dietary sodium.** Further sodium 
also reduces citrate excretion and increases cystine excretion. 
Urinary sodium levels should be maintained under 150 mg /day 
for optimal results. In patients on thiazide diuretics, the efficacy 
of hypocalciuric action is significantly affected in the presence of 
high urinary sodium. 

Urinary potassium can be used as a marker to determine com- 
pliance for patients on potassium citrate therapy. Moreover, urine 
potassium may directly impact on urinary citrate levels. Yachantha 
studied the relationship between serum potassium and urinary cit- 
rate levels and found that hypokalaemia may cause hypocitraturia 
by altering intracellular acid-base milieu.” 

Urinary magnesium is an inhibitor of stone formation, as the 
magnesium complexes with oxalate making it unavailable for fur- 
ther interaction. Magnesium may also increase urinary citrate 
levels by decreasing its tubular reabsorption. Laxative abuse, mal- 
absorption syndromes, and malnutrition may all lead to low mag- 
nesium levels. 
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CHAPTER 2.4 


Prevention of idiopathic 
calcium stones 


Ben Turney and John Reynard 


Principles of stone prevention 


The main principles of idiopathic calcium oxalate stone prevention 
are to maintain dilute urine through increasing fluid intake and 
to reduce calcium and oxalate excretion. The influence of various 
urinary factors on the risk of stone formation has been quantified 
mathematically (Fig. 2.4.1). Urine volume and urinary oxalate con- 
centration are most influential on therisk of stone formation, while 
magnesium concentration contributes a small amount to risk. 


Generic advice 


The concentration of urinary solutes can be manipulated via appro- 
priate fluid intake, diet, and medical therapy. Fluid intake should be 
increased to maintain a urine volume greater than 2 L in 24 hours! 
and should take into account occupation and sensible and insens- 
ible water loss. Calcium and oxalate secretion can be manipu- 
lated to varying degrees by diet alteration. A diet low in sodium 
(<100 mmol/day), animal protein (<0.8-1 g/kg/day), oxalate (<100 
mg/day), and calcium (800-1,000 mg/day) is recommended.” 
A diet diary may be useful to identify the foods that contribute to 
risk. Sodium and animal protein affect urinary calcium and urate 
levels. Low calcium intake is avoided because of evidence that this 
increases stone risk.4 


Relative risk 
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Fig. 2.4.1 Relative contribution of urinary factors to risk of stone formation. 
Reproduced with kind permission from Dr William Robertson. 


Hypercalciuria 


For patients with hypercalciuria, thiazide diuretics (e.g. chlortha- 
lidone 12.5-50 mg/day, indapamide 1.25-2.5 mg/day, hydrochlo- 
rothiazide 125-25 mg/twice daily) can reduce urinary calcium 
concentration by decreasing calcium excretion in the distal con- 
voluted tubule.*-7 In these placebo-controlled, prospective studies, 
significant reductions in recurrence rates were observed (greater 
than 50% additional benefit). Potential side effects include hypokal- 
aemia, hypotension, allergy and sun sensitivity, and hypocitraturia 
(which tends to promote stone formation). 


Hyperoxaluria 


Oxalate and calcium bind in the gut and hyperoxaluria may occur 
when dietary calcium is low (which probably explains why low cal- 
cium diets are lithogenic*), oxalate intake is high, or uncommonly 
when oxalate is overproduced. Restriction of dietary oxalate (<100 
mg/day) and avoidance of high vitamin C (a precursor of oxalate) 
intake may limit oxalate excretion.® Oxalate is found in high levels 
in spinach, rhubarb, wheat bran, chocolate, beets, miso, tahini, and 
most nuts. Significant or resistant hyperoxaluria may be due to one 
of the primary hyperoxaluria syndromes. 


Hypocitraturia 


Potassium alkali (usually potassium citrate 10-20 mmol twice or 
three times a day) chelates calcium and inhibits growth of calcium 
crystals. It is useful for patients with hypocitraturia?!° but can lead 
to excessive alkalinization of the urine, which may facilitate cal- 
cium phosphate stone formation. Patients taking potassium citrate 
should have their urine pH monitored. 


Hyperuricosuria 


Hyperuricosuria decreases the solubility of calcium and oxalate, 
so increasing risk of calcium oxalate stone formation. Allopurinol 
(100-300 mg/day) has been shown to reduce urinary uric acid lev- 
els and stone recurrence in patients with hyperuricosuria who form 
calcium stones.!! The benefits are not clear for calcium stone form- 
ers that are normouricosuric. A reduction in the intake of animal 
protein (purines) is also advised. 


Calcium phosphate stones 


Preventive measures for calcium phosphate stones are similar to 
those for calcium oxalate stone prevention, with the exception that 
potassium citrate must be used with caution as it raises urinary pH 
and can thus increase calcium phosphate supersaturation. 


Conclusion 


In conclusion, preventive treatment has been shown to reduce stone 
recurrence in long-term clinical follow-up.!* However, unless regu- 
lar monitoring is undertaken, patient compliance falls with time.!3 
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CHAPTER 2.5 


Prevention of other 
non-calcium stones 


Muhammad Waqas Iqbal, Ghalib Jibara, 
Michael E. Lipkin, and Glenn M. Preminger 


Introduction to prevention of other 
non-calcium stones 


The primary aim of stone preventive therapy is to minimize future 
recurrences or prevent growth of any existing stones. Non-specific 
measures as well as specifically targeted medical therapy can be utilized 
to decrease future stone-related events. This has been possible with the 
advancements in understanding of the pathophysiology of urinary 
stone formation, identification of metabolic risk factors, and availabil- 
ity of selective and non-selective strategies to modify these risks.!~> 

Non-calcium based stones include uric acid, cystine, and struvite 
stones. The goal of prevention for uric acid stones is to raise the urin- 
ary pH with alkaline therapy. For cystine stone formers, prevention is 
centred at raising urinary pH to increase the solubility of cystine and 
reducing urine cystine concentration. The management of struvite 
stones is founded on complete stone removal. Suppressive antibiotics 
and acetohydroxamic acid can be used to prevent recurrence. 


Non-specific measures 


Non-specific dietary management alone can decrease the rate of 
stone recurrence in 58% patients with a variety of metabolic condi- 
tions. Avoiding dietary excesses of sodium and animal protein in 
addition to increasing fluid intake resulted in 71% and 47% reduc- 
tions in stone formation in patients with hypercalciuria and hyper- 
uricosuria, respectively.* 

Non-specific measures include: 


Increased urine volume 


Prospective randomized trials have shown that increased fluid 
intake with concomitant increased urine output decreases stone 
recurrence." Increase in urine volume diluted urinary solutes, lead- 
ing to decreased crystallization of metabolically active salts. The 
overall increased urinary flow also washes away the crystals and 
prevents precipitation. We recommend urine volume greater than 
2-2.5 Lin a 24-hour period. 


Citrus fruits 


Citrus juices may play an adjunctive role in stone prevention by 
virtue of their citrate content. Citrate is an important inhibitor not 
only of calcium based stone disease, but also prevents uric acid 
and cystine stones by altering urinary pH. Both orange and lemon 
juices have been shown to reduce the risk of stone formation.®” 


‘The citrate content of various drinks has been evaluated to esti- 
mate their beneficial effect on stone prevention. There appears to be 
variation in content related to the preparation and possible meth- 
odology utilized to measure concentrations. Haleblian® assessed 
the citrate concentrations of various citrate juices and drinks using 
nuclear magnetic resonance spectroscopy (1H NMR) and found 
the highest citrate concentrations in grapefruit juice (Florida's 
Natural” Ruby Red grapefruit juice, 64.7 mmol/L), squeezed lemon 
juice (47.66 mmol/L), orange juice (Tropicana® Original style, 
47.36 mmol/L), pineapple juice (Dole, 41.57 mmol/L), reconsti- 
tuted lemonade ((Tropicana® 38.65 mmol/L) and lemonade fla- 
voured Crystal Light (Kraft Foods, 38.39 mmol/L). 

Penniston? evaluated the citric acid content of 21 commercially 
available juices and juice concentrates using ion chromatography 
and found fresh lemon or lime juice to contain the highest levels of 
citrate 45-48 g/L, while ready-to-consume lemonades from various 
brands contained 1.6-7.3 g/L of citrate. Floridas Ruby Red ready- 
to-consume grapefruit juice had 25 g/L, while Tropicana ready-to- 
consume orange juice had 16.9-16.7 g/L, and fresh orange juice 
from fruit had 9.10 g/L of citrate. 

Controversy still exists in the literature as to the best drink avail- 
able for stone prevention because of variation in their citrate, potas- 
sium, oxalate, caloric, sodium, and potential calciuric effects. 

Lemonade therapy has been shown to increase urinary citrate 
and decrease the stone burden in calcium nephrolithiasis, however, 
it has not been successful in elevating the urinary pH, which is the 
mainstay for prevention of uric acid stones as well cystine stones. 
This has been attributed to presence of a proton with citrate, which 
potentially nullifies the effect of bicarbonate produced from citrate 
in the liver. The presence of potassium in other citrus juices (e.g. 
orange) results in the delivery of more bicarbonate to the kidneys 
leading to an alkaline urinary pH.1°"! 

Kang’ retrospectively evaluated the impact of long-term lemon- 
ade therapy on urinary metabolic parameters and stone formation in 
patients with hypocitraturic nephrolithiasis. Patients were given 120 
mL concentrated lemon juice (5.9 gm citric acid) mixed with 2 L water 
consumed throughout each day, whereas the control group received 
20 mEq of potassium citrate tablets twice daily. At mean follow-up of 
42.5 months, almost all patients on lemonade therapy demonstrated 
increased urinary citrate levels (mean increase of 383 mg per day 
(p <0.05), while those on potassium citrate therapy demonstrated a mean 
increase in urinary citrate of 482 mg per day, p <0.0001). No change 
in urinary oxalate was observed. There was a decrease in mean stone 


burden in the lemonade group from 37.2 to 30.4 mm? (p <0.05). 
During lemonade therapy, the stone formation rate decreased from 
1.00 to 0.13 stones per patient per year (p <0.05). No change in urin- 
ary pH was observed in the lemonade therapy group, whereas pH 
increased from 6.3 to 6.9 in the potassium citrate group. 

Orange juice, on the other hand, is known to increase urinary 
pH as well as citrate levels and hence may be more productive in 
preventing uric acid and cystine stone disease. Wabner and Pak!” 
compared the effect of 1.2 L of orange juice to potassium citrate 60 
mEq per day. Orange juice caused a similar increase in urinary pH 
(6.48 vs. 6.75 from 5.71) and citrate (952 vs. 944 from 571 mg per 
day). Additionally it decreased urinary undissociated uric acid lev- 
els. However, orange juice increased urinary oxalate, which may be 
counterproductive for calcium oxalate stone disease. Potassium cit- 
rate, on the other hand, decreased urinary calcium without altering 
urinary oxalate. Webner and Pak suggested that orange juice could be 
beneficial in the control of calcareous and uric acid nephrolithiasis. 

In a randomized, cross-over study!! involving 14 patients com- 
paring the effects of orange juice with those of lemonade (Minute 
Maid”, 400 mL taken three times daily for one week) and control 
on acid-base profile and urinary stone risk factors under controlled 
metabolic conditions, Odvina noted that although the urinary 
oxalate was modestly and significantly higher for orange juice, it 
provided a significantly higher urinary pH than lemonade or con- 
trol. Similarly, the calculated undissociated uric acid was lower in 
the orange juice phase, compared to lemonade or control phases 
(77 vs. 181 mg/d). The study also showed that the mean increase 
in citrate per 240 mL of juice consumed was 88 + 30 mg for orange 
and only 11 + 23 mg for lemonade. 

Hénow et al.!3 analysed the effect of orange juice on urinary 
parameters in nine normal healthy subjects. They noted that con- 
sumption of 0.5 L of orange juice resulted in an increase in mean 
urinary pH from 6.08 to 6.42 (p <0.01), whereas citrate excretion 
also increased from 3.2 to 3.8 mmol/l (p <0.05). 

Recently, melon juice, a non-citrus source of potassium, citrate, 
and malate, has been found to yield equivalent increases in urinary 
citrate excretion compared to orange juice. Baia et al.'4 evaluated 
the effects of consuming 385 mL of either freshly squeezed orange 
juice, freshly blended melon juice, or freshly squeezed lime juice 
on urinary pH, citrate, and other urinary parameters in hypocitra- 
turic stone formers. The urinary pH was significantly higher after 
both melon and orange juice consumption. It increased to 6.46 + 
0.73 from a baseline of 6.05 + 0.60 in the orange group, and 6.52 + 
0.50 from a baseline 6.16 + 0.75 in the melon group. No significant 
changes were observed for urinary pH in the lime group. There was 
no difference in urinary citrate excretion among the three groups. 


Dietary restrictions 


Low salt diet: Increased sodium intake causes increase urinary cal- 
cium excretion urine! and produces mild metabolic acidosis 
leading to hypocitraturia. In addition, increased sodium intake 
causes increased cystine excretion. Therefore, low salt should be 
encouraged as a general measure to prevent urinary stone disease. 


Animal protein: Animal protein with its acid ash content can cause 
hypocitraturia, gouty diathesis, and hyperuricosuria, thus predis- 
posing to calcium and uric acid stone formation. Animal protein 
and salt restriction, with a normal calcium intake, decreases stone 
recurrence rates compared to a simple calcium restricted diet.” 
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Weight loss and low fat diet: Obesity increases the risk of stone disease 
by predisposing to hypocitraturia, gouty diathesis, and hyperurico- 
suria. Hence, weight loss and a low fat diet should be encouraged. 


Selective medical therapy 


Selective medical therapy is available for the prevention of uric 
acid, cystine, and struvite stones. The primary risk factor for for- 
mation of uric acid stones is gouty diathesis or urinary pH <5.5. 
Medical therapy is instituted to increase the urinary pH, thereby 
increasing the solubility of uric acid. This can be accomplished 
with potassium citrate or sodium bicarbonate. Cystine stones 
form from elevated concentration of cystine in the urine. Cystine 
levels can be reduced by a number of medications including 
tiopronin, D-penicillamine, and captopril. Cystine is also more 
soluble at higher urinary pH, so potassium citrate is a useful 
adjunct in these patients. Finally, struvite stone formation results 
primarily from urease splitting bacteria. Medical therapy for 
prevention includes suppressive antibiotic therapy, as well as ace- 
tohydroxamic acid (Fig. 2.5.1). 


Uric acid nephrolithiasis 


Medical therapy should address the three metabolic abberations 
that lead to uric acid stone formation: acidic urinary pH, low 
urinary volume, and hyperuricosuria. Persistently low urine pH 
is associated with uric acid nephrolithiasis. Alkalinization of the 
urine along with increased hydation is the cornerstone of preven- 
tion of uric acid nephrolithiasis.!°-!8 With a pKa of uric acid at 5.3, 
patients with normal uric acid excretion but a low urinary pH can 
develop uric acid stones, whereas those with a normal or higher 
urinary pH but excessive urate excretion will not. 


Potassium citrate 

Potassium citrate is used not only to prevent calcium nephrolithi- 
asis, but also utilized for urinary alkalinization to increase solu- 
bility of uric acid and cystine. A number of randomized trials 
have shown efficacy of potassium citrate in prevention of recur- 
rent calcium stones. Potassium citrate is the treatment of choice 
to correct gouty diathesis, the most common underlying cause of 
uric acid nephrolithioasis.!!” The goal of therapy is to maintain 
urinary pH between 6.5-7 to enhance dissolution of uric acid. 
However a pH above 7.0 may predispose to calcium phosphate 
stone formation. 

A large portion of absorbed citrate is metabolized in the liver to 
bicarbonate, which provides the alkali load that induces increased 
citrate excretion by the kidney. A portion of absorbed citrate is 
excreted in urine providing the citraturic action. A number of stud- 
ies have demonstrated that potassium citrate is effective in increas- 
ing urinary pH.”!? 

Pak et al.!° described a retrospective review of patients with 
uric acid nephrolithiasis that underwent long-term treatment 
(mean of 2.7 years) with potassium citrate (usually 60 mEq/day). 
This resulted in an increase in urinary pH from 5.30 to 6.19-6.46. 
Urinary citrate increased from 503 mg/day to 852-998 mg/day. 
Urinary undissociated uric acid decreased from 204 + 82 mg/day 
to 64-108 mg/day. New stone formation rate declined from 1.20 + 
1.68 stones/year to 0.01 + 0.04 stones/year (p <0.001). Remission 
was experienced in 94.4% of patients, and the stone formation rate 
declined by 99.2% 
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Uric acid 
urolithiasis 


+ Potassium citrate 
+ Sodium bicarbonate 
+ Allopurinol 


+ Tiopronin (thiola) 


Cystine + D-penicillamine 
urolithiasis + Captopril 


Struvite + Lithostat 


+ Potassium citrate 


urolithiasis + Antibiotics 


Fig. 2.5.1 Medical therapy options for non-calcium stones. 


Ina retrospective cohort of 503 patients on potassium citrate ther- 
apy for a mean of 41 months (range 6-168), urinary pH increased 
from 5.9 to 6.46, whereas citrate increased from 470 mg/day to 700 
mg/day. The stone formation rate also significantly decreased from 
1.89 to 0.46 stones per year (p <0.0001). There was a 68% remission 
rate and a 93% decrease in the stone formation rate. Of note, 40% of 
patients in this study had gouty diathesis and 12% hyperuricosuria. 
The median dose of potassium citrate was 20 mEq twice daily. In 
10% of cases, patients were also on allopurinol.?° Citrate is avail- 
able as slow release potassium citrate tablets, liquid preparations, 
and potassium-—magnesium citrate, which has the added benefit of 
having magnesium. The current formulation of potassium citrate 
embedded within a wax matrix may help alleviate the risk of gastric 
irritation. Patients are strongly encouraged to take this medication 
with meals to increase tolerability. The usual starting dose of slow 
release potassium citrate tablets is 20 mEq PO twice daily; doses as 
high as 120 mEq/day may be required in certain patients with titra- 
tion based on urinary pH, citrate levels, and tolerability of medi- 
cine. However, potassium citrate shares with other potassium salts 
the tendency to irritate gastric mucosa, with side effects including 
ballotment, nausea, or vomiting.?!-*4 

Serum potassium needs to be monitored in patients on potas- 
sium supplements, especially those with renal insufficiency or 
taking potassium-sparing diuretics. Patients with hypocitraturia 
associated with malabsorption may benefit from liquid prepara- 
tions, as the slow release preparations may not be absorbed and 
passed intact due to the decreased bowel transit time associated 
with these conditions. 


Sodium bicarbonate 

In patients who do not tolerate potassium citrate, have renal insuf- 
ficiency, or hyperkalaemia, sodium bicarbonate may be given. The 
usual starting dose of two 650 mg tablets twice daily with meals 
may need titration to up to four tablets three times daily; doses 
may go as high as 1.3 g four times a day. The sodium content may, 
however, cause increased excretion of calcium in urine and pro- 
motion of monosodium urate-induced crystallization of calcium 
oxalate. Caution needs to be exercised as it may predispose to 
aggravation of congestive cardiac failure or make hypertension 
control difficult. 


Sodium citrate possesses the same alkalinizing characteristics, 
but like sodium bicarbonate, its sodium content may negate its 
usefulness. 

Hyperuricosuric uric acid lithiasis can be treated with xanthine 
oxidase inhibitors to decrease uric acid production or alterna- 
tively with potassium citrate, which increases its solubility in urine. 
Allopurinol is preferred in patients with marked hyperuricosuria 
(>1,000-1,200 mg/day), especially if hyperuricemia coexists. 

Allopurinol and febuxotat are inhibitors of xanthine oxidase, 
the enzyme that catalyses the conversion of hypoxanthine to xan- 
thine and xanthine to uric acid. This decreases the concentration of 
serum and urine uric acid. An important consideration in patients 
with acidic pH is to alkalinize the urine to increase uric acid solu- 
bility. Allopurinol has a dose range of 100-300 mg once daily. In 
a randomized placebo-controlled trial involving patients with cal- 
cium oxalate stone disease, 75% patients treated with allopurinol 
had no stone recurrence compared to 45% in the placebo group 
over a three-year period.*> The common side effects are rash and 
hepatotoxicity. The dose needs to be reduced in patients with renal 
insufficiency. 

Febuxostat, a newer agent, is unlike allopurinol, metabolized 
chiefly in the liver and so it does not need dose readjustment in 
renal insufficiency. The uric acid lowering capacity of this drug at 
doses of 80 mg and 120 mg is superior to allopurinol and placebo 
in randomized controlled trials.?6 

Febuxostat may be used in patients who are allergic to allopur- 
inol or manifest hypersensitivity, and in patients who fail to achieve 
serum uric acid targets with allopurinol.?” 


Cystine stones 


The cornerstone of management of cystinuria is to decrease the 
concentration of cystine to below its solubility limit (ie. <200-250 
mg/L of urine). Increased fluid intake to increase urine volume and 
dilute excreted cystine are critical. Urine volumes >3-4 L per 24 
hours are optimum. Alkaline pH makes cystine more soluble, how- 
ever with pKa of 8.3, urinary pH manipulation therapy has a limited 
role in the management of these patients. The solubility of cystine 
does not increase significantly until urinary pH is 7.5 or higher and 
such urine pH levels can predispose to calcium phosphate stone 


formation. The aim is for a urinary pH of 6.5-7.0. This range is best 
achieved with the administration of potassium citrate at a dose of 
10-20 mEq twice daily. Patients who are intolerant may be given 
sodium bicarbonate or sodium citrate. Reduction of sodium intake 
is associated with a reduction in cystine excretion, although the 
basis for this effect is unclear.”®:?° 

When conservative measures fail to achieve target cystine levels, 
thiols (tiopronin, D-pencillamine, captopril) are indicated. Cystine 
is a dimer of cysteine linked by a disulfide bridge. Thiol deriva- 
tives cleave cystine into two cysteine moieties and combine with a 
molecule of cysteine to form a highly soluble disulfide compound, 
decreasing the excretion of poorly soluble free cystine. 


Alpha-mercaptopropionylglycine (tiopronin) 

Tiopronin or Thiola® (Mission Pharmacal) is considered the first- 
line treatment for significant cystinuria, being as effective as D- 
pencillamine but with a much better adverse effect profile. It is better 
tolerated than D-penicillamine, with 30.6% needing to stop ther- 
apy compared to 69.4% taking pencillamine in a non-randomized 
study.*° Side effects occur in 64.7% of patients on Thiola compared 
to 83.7% who suffered toxicity to D-penicillamine. Remission of 
stone formation was seen in 71% of patients on Thiola, and stone 
formation rate decreased in 94% of patients. The average dose of 
Thiola used in the study was 1,193 mg per day, with urinary cyst- 
ine levels of 350-560 mg per day being achieved. Tiopronin was as 
effective as D-penicillamine in reducing cystine excretion. 

In another study, thiol derivatives were initially prescribed to 15 
cases who had failed with conservative measures of hyperhydration 
and urinary alkalinization. Nine patients were treated with thiols for 
amean 12.5 + 6.8 years. In six patients treated with D-penicillamine 
and three treated with tiopronin, mean cystine excretion decreased 
significantly from 789 + 126 to 517 + 92 and 1,052 + 161 to 755 + 81 
mg daily, respectively. The median daily dose for D-penicillamine 
was 900 mg, while that for tiopronin was 750 mg. No significant 
difference was noted for cystine excretion in three patients treated 
with captopril (mean decrease 1,044 + 57 to 1,039 + 137 mg). Six 
patients (40%) on thiols, including 4 on D-penicillamine and 2 on 
tiopronin discontinued treatment because of adverse events, not- 
ably heavy proteinuria in 2, gastric intolerance in 2, pruritus in 1, 
and suspicion of multiple sclerosis in 1.3! Another study noted 21 
of 43 patients (49%) treated with D-penicillamine had drug-related 
complications.*? 

Worcester and colleagues*> treated 52 cystinuric patients with 
increased fluid intake, potassium alkali, and a thiol as required 
and demonstrated a significant reduction in the need for stone- 
removing procedures, from four procedures/patient to 0.9 proce- 
dures/patient, over a mean treatment period of 4.3 years. However, 
the surgical intervention rate was still higher than that for ‘routine’ 
stone formers. 

Chow determined efficacy of different treatment options given 
step-wise to correct progressively worsening cystine stone disease 
in a small cohort of patients. Nine patients were treated with hydra- 
tion and alkalization (aiming pH >7.5) for a total of 354 months. 
During treatment, 1.6 stone events occurred per patient-year. 
Treatment with hydration, alkalization, and D-penicillamine (1-2 
gm/d) or tiopronin (800-1,200 mg/d) was utilized in nine patients 
for a total of 550 treatment months, and this was associated with 
0.52 events per patient-year. Hydration, alkalization, and captopril 
(50 mg three times daily) were used in six patients for a total of 169 
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months. A stone event rate of 0.71 per patient-year was observed. 
Five patients were treated by alkalization with thiols and captopril. 
This represented the most refractory group in the study. During 
177 patient-months of treatment for this group, 0.54 events per 
patient-year were observed.*4 

Pietrow et al.’ evaluated long-term results of medical manage- 
ment in patients with cystinuria. Twenty-six patients with cystinu- 
ria were treated with hyperhydration, alkalinization, and tiopronin. 
The mean treatment duration was 11 years. Average follow-up was 
38.2 months. Only 15% achieved and maintained therapeutic suc- 
cess, defined by urine cystine less than 300 mg/l. Patients achieving 
theraputic success had an average of one stone every other year, 
those with intermittent compliance had 4.5 stones/ year, while 
those who never achieved therapeutic results had almost 25 stones/ 
year. Sixty per cent (60%) of patients reported treatment-related 
adverse effects with gastrointestinal upset in 25%, joint pain 10%, 
fatigue 5%, and memory loss 5%. 

The usual starting dose of tiopronin is 300 mg twice daily (100 
mg tablets) with a dose range of 10-15 mg/kg/day and a maximum 
dose of 2 g per day. 

D-Pencillamine, the first thiol, has efficacy similar to tiopronin 
but has a much more severe side effect profile including haemato- 
logic toxicity, liver dysfunction, anorexia, abnormal taste sensation, 
nausea, vomiting or diarrhoea, nephrotic syndrome, haematuria, 
neurotoxicity, thrombocytopenia, pulmonary infiltrates, rash, and 
drug induced fever.*°?” Typical doses start at 250 mg per day and 
are titrated to effect. Pyridoxine deficiency has been reported with 
the use of thiols and patients are recommended to have pyridoxine 
supplementation (50 mg/d) during treatment. 

Pencillamine is not considered front-line therapy at this time, but 
may be considered in those not tolerating Thiola or where the latter 
is ineffective. Patients on thiols should be monitored with serial full 
blood counts, liver function tests, urine for proteins, and haema- 
turia every six months. 

Thiol agents should be avoided during pregnancy, especially dur- 
ing the first trimester, because such agents have been demonstrated 
to be teratogenic.** Pregnant patients should continue on fluid 
therapy and urinary alkalinization achieved by sodium bicarbon- 
ate, as potassium citrate is not recommended in this setting. 


Captopril 

This is considered third-line therapy and is not as effective as the 
aforementioned drugs. Before treatment, the mean rate of new 
stone formation or stone growth was 1.2 events per patient-year 
for one to three years of observation. With 50 mg of captopril three 
times daily in addition to standard fluid and alkalinization ther- 
apy, stone events declined to 1.03 events per patient-year for 0.5 to 
6 years, but statistical significance was not reached.*? 

Captopril is given in daily dose of 75-150 mg. Its side effect pro- 
file is much less severe than that of Thiola or D-pencillamine. It has 
the additional benefits of controlling hypertension, heart failure, or 
proteinuria if present. It should not be administered to those with 
hyperkalaemia or allergy to angiotensin converting enzyme (ACE) 
inhibitors. 

Overall, the compliance and longevity of treatment success 
in patients on cystine stone therapy remains suboptimal.*>-4 
Restriction on diets rich in methionine, the precursor of cystine, 
including meat, eggs, milk, wheat, and cheese have been tried, but 
have been found impractical and ineffective. 
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Struvite stones 


The aim of treatment is to prevent recurrent infection once a stone- 
free state is achieved. Pure struvite stone formers can be placed 
on long-term prophylactic antibiotics, such as macrobid, as well 
as started on a urease inhibitor acetohydroxamic acid (Lithostat® 
Mission Pharmacal). 

Acetohydroxamic acid (AHA) decreases stone recurrence and 
growth in randomized double-blind trials involving struvite stone 
formers. Patients with spinal cord injury having chronic urinary 
infections with urea-splitting organisms were treated with ace- 
tohydroxamic acid and followed for two years. The active drug 
treatment arm had significantly longer intervals to first stone 
growth (15 vs. 9 months, p <0.005). There was also a signifi- 
cantly smaller proportion of patients exhibiting stone growth at 
12 months for patients on acetohydroxamic acid when compared 
to patients treated with placebo (33% vs. 60%, p = 0.017). At 24 
months, AHA appeared better for preventing stone growth than 
placebo, but the difference was not statistically significant (42% 
on AHA had stone growth vs. 60% on placebo, p = 0.26). Side 
effects of therapy were reported in 62% of acetohydroxamic acid 
and 29% of placebo patients. Patient attrition rate was 31% in the 
placebo group and 62% in the acetohydroxamic acid group, with 
follow-up of two years.*! 

Griffith reported the efficacy and safety of acetohydroxamic acid 
in preventing urinary stone disease in a prospective, double-blind, 
placebo-controlled study. The study involved 94 patients with 
chronic urinary infection. Stone growth occurred in 17% of the 
AHA group and 46% of the placebo (p <0.005). Patients on AHA 
had psychoneurologic and musculo-integumentary side effects, 
which were reversible. Some 22.2% of patients on AHA had intoler- 
able side effects compared to two (4.1%) in the placebo group.” 

In another randomized controlled trial involving struvite stone 
formers, 18 patients received acetohydroxamic acid (15 mg/kg per 
day, in divided oral doses) for a mean of 15.8 months compared 
to 19 patients receiving placebo for a mean of 19.6 months. Both 
groups were treated with suppressive antibiotics throughout the 
study. Seven patients receiving the placebo had 100% increase in 
the surface area of their stones. No patient on acetohydroxamic 
acid had a doubling of stone size (p <0.01). Nine patients receiv- 
ing the drug and one patient receiving placebo required a decrease 
in dosage or cessation of treatment because of adverse effects. Side 
effects associated with therapy were tremulousness in 27.7%, and 
phlebothrombosis in 16.6%. 

The usual dose for Lithostat is 250 mg (one tab) three times daily. The 
most common side effects are anorexia, nausea, vomiting, tremors, 
anxiety, headaches, and haemolytic anaemias, rash, hepatotoxicity, 
and deep venous thrombosis. Additionally, Lithostat is contrain- 
dicated in patients with renal insufficiency.444> Administration of 
AHA induces low-grade intravascular coagulation, consistent with 
increased levels of fibrinopeptide A and low platelet counts, and per- 
haps explains the incidence of thrombosis seen in these patients.*° 


Antibiotic prophylaxis 

Long-term antibiotic therapy (trimethoprim, nitrofurantoin, and 
cephalosporins) may be used in patients with infection stones 
after stone removal. Antibiotic therapy should prevent not only 
septic complications but also recurrence or re-growth of stones 
after treatment.*>4748 Others have shown struvite calculi may 


dissolve partially in the presence of sterile urine.4>48 Antibiotics 
may not render urine sterile, but they may result in reduction of 
the bacterial colony count leading to significant decrease in urease 
production.” 

Use of antibiotics as the primary treatment modality is consid- 
ered suboptimal?’ as bacteria can thrive within the stone itself, 
hence making antibiotics ineffective to eradicate infection unless 
the patient is a poor surgical candidate.44>°>! 

Wang and associates*4 have outlined recommendations for anti- 
biotic therapy. Initially, patients are given therapeutic doses of anti- 
biotics for one to two weeks. After confirmation of sterile urine, 
the dosage is often decreased by half for up to three months, and 
monthly urine cultures are obtained. If bacteriuria recurs, or the 
patient becomes symptomatic, then the full dosage is resumed. 
Antibiotics are discontinued when sterile urine has been present 
for three months. Subsequent to this, urine cultures are obtained 
every three months. Several studies have recommended culture- 
specific antibiotics as prophylaxis against recurrent infections after 
stone removal.45»50,51 
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CHAPTER 2.6 


Stone fragmentation techniques 
Extracorporal shock wave lithotripsy 


Andreas Neisius, Ghalib Jibara, Micheal E. Lipkin, 
Glenn M. Preminger, and James F. Glenn 


Introduction to stone fragmentation 
techniques 


Used clinically for the first time in 1980, shock wave lithotripsy 
(SWL)! quickly became the treatment of choice for the majority of 
small intrarenal stones. It continues to be considered first-line ther- 
apy for such stones, as well as for many ureteric stones. 

This chapter reviews the fundamental principles of SWL, 
advances in lithotripsy technology and adjuncts to improve SWL 
efficacy, and current indications and contraindications in the con- 
text of the updated AUA/EAU Guidelines. 


Fundamental principles of shock 
wave lithotripsy 


Shock waves are high-energy amplitudes of pressure generated 
in water or air by an abrupt release of energy in a small space. 
They consist of an initial sharp peak in positive pressure followed 
by a prolonged negative pressure wave. While they travel unim- 
peded through substances of similar densities, when a shock 
wave encounters a boundary between substances of differing 
acoustic impedance, such as the interface between urine and 
stone, compressive stresses are generated along the initial sur- 
face. In general, the forces contributing to stone fragmentation 
can be divided into two primary categories: stress waves that act 
inside the stone, and cavitation that acts in the fluid surrounding 
the stone. 


Spallation 


As a shock wave crosses the trailing edge of the stone, part of 
the energy is reflected, creating tensile stress and fragmentation 
along the trailing edge. This process is known as spallation— 
literally the separation of fragments of stone from its surface; in 
the case of SWL, by generation of tensile stresses as the shock 
wave is reflected from the trailing edge of the stone (a ‘spall’ is 
literally a splinter of rock).? Solids are generally weaker when 
subjected to tensile as opposed to compressive stresses. These 
stresses lead to a dynamic fracture process consisting of nucle- 
ation, coalescence, and growth of microfractures in the stone 
leading to fragmentation.*4 


Cavitation 


Cavitation also plays a major role in stone comminution. As a shock 
wave passes through fluid, bubbles form and grow at the stone sur- 
face as a consequence of the negative pressure component of the 
wave (a positive wave compresses fluid, the negative wave literally 
pulls it apart, thereby generating a cavity). When the next shock 
wave arrives, the positive pressure causes these bubbles to violently 
collapse, releasing a microjet of energy directed towards the stone 
surface. Cavitation damage is characterized by minute pittings of 
the stone as a result of localized stress concentration.>© These forces 
act in conjunction to ultimately fragment a stone.”* 


Squeezing and shear stresses 


The stone is literally squeezed by the shock wave at its incident 
surface. Compressive and shear waves propagate within the stone. 
Stones consisting of layers shear between the layers. 


Superfocusing 


The curved surfaces of a stone will reflect shock waves from the dis- 
tal stone surface, thereby effectively focusing (‘superfocusing’) the 
shock wave within the stone, and so creating high-stress regions. 


Tissue damage from shock wave lithotripsy 


While soft tissues have physical properties that limit their suscepti- 
bility to damage from shock waves (an acoustic impedance similar 
to that of water), not surprisingly a shock wave that can fragment a 
solid stone can cause some collateral tissue damage. SWL-induced 
renal injury is primarily a vascular event, as is SWL-induced vaso- 
constriction resulting in ischaemia.!°!! Two primary mechanisms 
have been postulated for SWL-induced renal vascular injury: cavi- 
tation and shear stress. Cavitation bubble expansion in small blood 
vessels causes vessel rupture.!? High-speed photography has dem- 
onstrated that cavitation bubbles generated during SWL can cause 
vessel distension and vessel invagination. Bubble collapse releases 
high velocity fluid microjets, which can puncture holes in ves- 
sels.!3-14 Shear forces from repeated shock wave applications can 
also lead to vessel damage.!* This damage to blood vessels leads to 
localized ischaemia and may result in free radical formation as the 
final pathway of tissue injury.1617 


Shock wave lithotripters: Shock wave 
generation, localization, and coupling 


Shock wave generation and focusing 


All shock wave lithotripters require (i) a stone localization system; 
(ii) an energy source to generate the shock wave; (iii) a focusing 
device to direct the shock wave at a focal point; and a (iv) a coup- 
ling medium.” 


Stone localization 


Fluoroscopy or ultrasonography are used for stone localization. 
While fluoroscopy is a more familiar imaging modality to most 
urologists and can localize mid and proximal ureteric stones that 
ultrasound cannot, it clearly involves a degree of ionizing radiation 
exposure. Automated fluoroscopic localization has been shown to 
decrease radiation exposure.!® For radiolucent stones, intravenous 
contrast can be administered to aid identification. 

Many newer lithotripters utilize ultrasound, which allows stone 
localization in real time and the identification of radiolucent stones, 
while avoiding ionizing radiation exposure to. Ultrasound has 
been shown to be effective in localizing stone fragments as small 
as 2-3 mm, and may even be superior to routine kidney, ureter, 
and bladder X-ray (KUB) in assessing residual stone fragments fol- 
lowing lithotripsy.!? Localization of mid-ureteric stones with ultra- 
sound is almost impossible and proximal ureteric stones, especially 
where there is no dilated ureter above, is challenging. 


Energy source to generate the shock wave 


There are three common mechanisms of shock waves gener- 
ation: electrohydraulic, piezoelectric, and electromagnetic. 

The electrohydraulic generator, exemplified by the original 
Dornier HM3 lithotripter (Dornier MedTech, Kennesaw, GA, 
USA), produces shock waves by an electrical spark gap at the base of 
a water bath located in the focus (F1) of an ellipsoidal reflector. The 
high-voltage discharge causes the rapid vaporization of water at the 
tip of the electrodes, thereby producing a shock wave. The acous- 
tic shock wave is focused at a second focal point (F2; where the 
target stone is located) by the ellipsoidal reflector. Electrohydraulic 
lithotripters offer the advantage of increased efficacy in fragment- 
ing stones, however the relatively short life of the electrode and the 
necessity for general anaesthesia are obvious disadvantages.? 

Piezoelectric shock waves are generated by ceramic elements 
located on the surface of a sphere, which undergo a sudden 
expansion when excited by a high frequency, high-voltage energy 
pulse, thereby generating a shock wave. The spherical dish cre- 
ates convergence of the shock waves generated from each of the 
ceramic elements, thus producing a single, high-energy shock 
wave directed at the focal point of the sphere.!? The focal point 
produced by a piezoelectric lithotripter is relatively narrow.?° 
Advantages of piezoelectric lithotripters include better focus- 
ing, a longer service life, and better patient tolerance because the 
wide area of skin that the shock wave enters the patient through 
reduces pain.??° The major disadvantage is the poorer commin- 
ution efficacy caused by the decreased power it delivers compared 
to other lithotripter types.? 

Nowadays electromagnetic devices are the most commonly used. 
Shock waves are produced when an electrical impulse moves a 
thin, circular metallic membrane that is housed within a ‘shock 
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tube. The resulting shock wave passes through the water-filled 
shock tube and is then directed at the focal point by an acoustic 
lens.?! Electromagnetic lithotripters introduce the shock wave 
into the patient's body over a large surface area, reducing the need 
for anaesthesia while maintaining a high amount of energy at the 
focus.’ The relatively small focus with high energy produced by 
electromagnetic lithotripters may increase the risk of subcapsular 
haematomas.? 


Coupling of the shock wave 


The original Dornier HM3 utilized a 1,000 L water bath for coup- 
ling shock waves to the patient. This remains the best coupling with 
the smallest loss of energy by minimizing the number of interfaces 
between the shock wave source and the stone, but it is clearly less 
practical. Second and third generation lithotripters use water cush- 
ions with ultrasound gel as the coupling medium, thereby avoid- 
ing the need to submerge the patient in a water bath.18 The quality 
of the coupling media impacts significantly on SWL efficacy. Air 
bubbles trapped in the coupling media reduce the efficiency of the 
shock waves dramatically.?223 


Indications and contraindications 
to shock wave lithotripsy 


SWL is considered first-line treatment for non-lower pole renal 
stones less than 2 cm, though as stone burden increases, stone-free 
rates for SWL decrease.’ The 2016 American Urologic Association/ 
Endourological Society guidelines for the management of ureteral 
calculi state that SWL is an acceptable first-line therapy for the 
treatment of ureteral stones.”4 

Active infection, distal obstruction, pregnancy, proximate cal- 
cified abdominal aortic or renal artery aneurysms, and bleeding 
diathesis are absolute contraindications to SWL.? 

Relative contraindications to SWL are cystine or calcium oxalate 
monohydrate stones (relatively resistant to fragmentation by SWL), 
stone size over 2 cm, and obesity. Increasing skin-to-stone distance 
decreases the efficacy of SWL,?>?6 and a skin-to-stone distance 
greater than 110 mm has been proposed as a cut-off that predicts 
SWL failure.76 


Renal calculi 


To decide whether SWL is the appropriate treatment modality for 
a stone, three factors should be taken into consideration: (i) loca- 
tion, (ii) size, and (iii) composition. Stone location plays a role in 
determining the efficacy of SWL. Stones less than 2 cm in size in 
the renal pelvis, upper calyces, and middle calyces can be effectively 
treated with SWL.’ For stones located in the lower pole, SWL is 
less effective. A randomized, prospective trial comparing SWL to 
percutaneous nephrolithotomy (PCNL) for the treatment of lower 
pole stones demonstrated markedly decreased stone-free rates for 
SWL compared to PCNL (37% vs. 95%).?8 Percutaneous nephro- 
lithotomy outperformed SWL even when stratified by stone size. 
SWL can be used to treat lower pole stones, but is probably best 
restricted to stones less than 10 mm in diameter. 

Stone-free rates achieved with SWL are inversely proportional 
to stone burden,”°-3! stones less than 10 mm in diameter being 
associated with improved stone-free rates.°° Stone-free rates for 
renal stones less than 10 mm are approximately 80%.3%32 For 
stones larger than 2 cm, percutaneous nephrolithotomy (PCNL) is 
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considered first-line treatment,?3!53 though clearly there may be 
certain clinical circumstances that dictate SWL as being preferable 
to PCNL in select patients with stones larger than 2 cm. 

Stone composition also influences SWL outcomes. Cystine, 
calcium oxalate monohydrate, and brushite stones are relatively 
resistant to fragmentation with SWL.*4 Cystine stones are ductile, 
meaning they are able to absorb energy from shock waves by plastic 
deformation, and this contributes to their resistance to fragmenta- 
tion.*4 Brushite and calcium oxalate monohydrate stones are hard, 
which makes them resistant to deformation from shock waves, 
fracture propagation, and cavitation microjet impact. Measuring 
Hounsfield units (i.e. density unit of material on computed tomog- 
raphy (CT)) on preoperative CT can predict resistance to fragmen- 
tation. Stones with a density greater than 900 Hounsfield units are 
more resistant to fragmentation with SWL.*° Dual-energy CT can 
accurately determine stone composition.*>*6 


Ureteral calculi 


In management of ureteral stones less than 10 mm, shock wave 
lithotripsy is still considered a first-line treatment” along with 
ureteroscopy. Stone composition affects the efficacy of SWL for 
the treatment of ureteral stones in the same manner as for renal 
stones. Stone location and size also play a major role in determin- 
ing SWL efficacy. Patients with proximal ureteral stones treated 
with SWL show a stone-free rate of approximately 82%,*4 which 
is comparable to stone-free rates achieved with ureteroscopy. 
Fragments from ureteral stones treated with SWL typically clear 
within one to three days, with a mean of 4.6 days to stone-free sta- 
tus.3” Routine ureteral stenting is not recommended prior to SWL 
of ureteral stones, as it has not been shown to improve stone-free 
rates.24 Medical expulsive therapy with alpha-adrenergic blockers 
and calcium channel blockers has been shown to improve stone 
clearance after SWL.3839 

For patients with stones in the distal and mid-ureter, the stone- 
free rate decreases to 74% and 73%, respectively.** In such cases 
ureteroscopy has a clear advantage, with reported stone-free rates 
of 86% for mid-ureteral stones and 94% for distal ureteral stones.*4 
The advantage in stone-free rates with ureteroscopy must be bal- 
anced against the requirement for general or regional anaesthesia. 

With some of the newer third generation SWL machines, the 
shock wave head can be used in a so-called overtable position so 
that the patient can be treated in the supine position. Patients with a 
distal and juxtavesical stone can be treated in the prone or modified 
sitting position. Studies have demonstrated >85% stone-free rate 
with one treatment on the HM-3 lithotripter, with patients posi- 
tioned in the prone position.40-? 

A recent Cochrane review comparing ureteroscopy and SWL for 
the treatment of ureteral stones found that ureteroscopy has a greater 
stone-free rate, but is associated with a higher complication rate 
and longer hospital stay. Seven randomized controlled trials with a 
total of 1,205 patients were included in the review. Stone-free rates 
were lower in patients who underwent SWL (7 studies, 1,205 par- 
ticipants: RR 0.84, 95% CI 0.73-0.96). Retreatment rates were lower 
in patients who were treated with ureteroscopy (6 studies, 1,049 par- 
ticipants: RR 6.18, 95% CI 3.68-10.38). SWL patients had less need 
for auxiliary treatment (5 studies, 751 participants: RR 0.43, 95% CI 
0.25-0.74), fewer complications (7 studies, 1,205 participants: RR 
0.54, 95% CI 0.33-0.88) and shorter length of hospital stay (2 studies, 
198 participants: MD -2.55 days, 95% CI -3.24 to -1.86).* 


Large calculi/staghorn calculi 


While percutaneous nephrolithotomy is considered first-line treat- 
ment for staghorn or partial staghorn calculi,’ SWL has a role as 
an adjunct to PCNL for some of these larger stones. If SWL is to 
be used in conjunction with PCNL for the treatment of staghorn 
calculi, it is recommended that SWL precede PCNL.*? SWL is also 
effective at treating small post-PCNL residual fragments. In select 
patients with smaller staghorn stones and normal collecting system 
anatomy, SWL can be attempted with renal drainage via either a 
ureteral stent or nephrostomy tube.*? 


Calyceal diverticular calculi 


Calyceal diverticulae are urine-filled cavities connected to the nor- 
mal collecting system by a narrow isthmus or stenotic infundibulum. 
They often contain stones. Indications for treating calyceal diverticu- 
lar calculi include flank pain, recurrent urinary tract infections, or 
persistent gross haematuria. The primary goal of treating a calyceal 
diverticular stone is removal of the stone and eradication of the diver- 
ticulum.?* Treatment options for calculi within calyceal diverticula 
are numerous, ranging from SWL to PCNL to ureteroscopy (URS), 
but clearly SWL cannot obliterate the diverticulum or enhance drain- 
age from it.“4 Stone-free rates reported for the treatment of calyceal 
diverticular stones with SWL average 21%.*° Despite poor stone-free 
rates, the majority of patients with calyceal diverticular stones treated 
with SWL will have resolution of their symptoms. However, many 
of these patients will have recurrence of symptoms when followed 
for longer periods of time.*® The preferred treatment for calyceal 
diverticular stones is endoscopic management with either PCNL or 
ureteroscopy.*4 SWL should only be used for the treatment of diver- 
ticular stones if the isthmus is proven, by preoperative imaging with 
either intravenous pyelogram or CT urography, not to be too narrow. 


Advances in shock wave lithotripsy 
technology 


Several groups are investigating ways to improve the safety and effi- 
cacy of SWL, based on our current understanding of the role of 
cavitation in stone fragmentation as well as the role of cavitation, 
vasoconstriction, and free radical formation in SWL-induced tissue 
injury. This increasing knowledge of the mechanisms of stone frag- 
mentation and tissue injury contribute to advances in lithotripter 
designs, and improvement in treatment strategies and the medical 
adjuncts to improve SWL safety and efficacy. 


Lithotripter modifications 


A reflector insert has been designed that can be integrated with 
the original Dornier HM3 reflector, to create a second shock wave 
immediately after the original shock wave. The superposition of 
this second shock wave partially cancels the negative tensile com- 
ponent of the original wave, preventing cavitation bubbles from 
overexpanding in blood vessels, so reducing their chance of rup- 
ture. This combination resulted in improved comminution of 
stones implanted in pig kidneys and decreased renal parenchymal 
injury compared to the unmodified HM3.47 

Electrohydraulic lithotripters generate a second direct wave from 
the source in addition to the focused shock wave, which can induce 
cavitation prior to the arrival of the focused wave. This may inter- 
fere with the cavitation activity of the focused wave. The cavitation 


activity from the direct wave can be suppressed by installing a dir- 
ect wave suppressor close to the spark source.*® 

The Storz Modulith SLX-F2 (Storz-Medical, Kreuzlingen, 
Switzerland), an electromagnetic lithotripter, has a dual focus sys- 
tem that allows the operator to change the focal size depending 
on requirements.*? It accomplishes this by modifying the pulse 
duration from the electromagnetic source.18 The PiezoLith 3000 
(Richard Wolf, Knittlingen, Germany), a piezoelectric lithotrip- 
ter, utilizes a double layer design to increase shock wave energy.!® 

A further modification is the delivery of a shock wave from two 
lithotripters to the same focal point. This can be accomplished 
by placing the shock wave sources at a 90-degree angle from one 
another.” This so-called dual pulse lithotripsy has been shown 
to increase comminution without increasing tissue injury in ani- 
mal studies.°! In clinical trials, patients treated with the dual head 
device showed minimal changes to the renal parenchyma, despite 
it delivering twice as many shocks.** The long-term effects of dual 
pulse lithotripsy remain to be assessed. 


Treatment strategy modifications 


Modification of rate of shock wave delivery and energy also appear 
to impact on SWL efficacy and safety. A randomized controlled 
trial showed that reducing the rate of shock wave delivery to 60 
shocks per minute compared to 120 shocks per minute significantly 
improves stone-free rates.’ The stone-free rate for patients treated 
with 60 shocks per minute was 60% vs. 28% in patients treated 
with 120 shocks per minute. Patients treated with the slower rate 
needed fewer shocks, but the procedure took longer. Other studies 
have confirmed improved stone-free rates in patients treated with a 
slower shock wave rate.>*°> This has also been demonstrated in an 
in vivo study using pigs treated with one of the current third gen- 
eration lithotripters.°® Furthermore, the percentage of stone frag- 
ments capable of spontaneous passage was significantly higher in 
the 60 shocks per minute group, compared to the 120 shocks per 
minute group. A recent meta-analysis looking at randomized con- 
trolled trials comparing 60 shocks per minute versus 120 shocks 
per minute confirmed the findings of improved treatment success 
with 60 shocks per minute.” The utilization of slower shock rates 
during SWL leads to fewer additional procedures and improved 
cost-effectiveness when compared to faster rates.” Side effects are 
comparable in both treatment groups.*° 

Improved stone comminution and decreased renal tissue injury 
has been demonstrated in a number of studies using a treatment 
strategy that begins with a low energy and gradually increases 
energy. An in vitro study comparing a gradual increase in energy 
versus a gradual decrease in energy found improved fragmentation 
efficiency with an increasing energy strategy.” These findings were 
confirmed in an in vivo study performed in a pig model.*? Stones 
treated with an increasing strategy of 18 kV, 20 kV, and 22 kV for 
600, 600, and 800 shocks, respectively, had better fragmentation 
efficiency than those treated with a decreasing strategy of 22 kV, 
20 kV, and 18 kV for 800, 600, and 600 shocks, respectively. Patients 
treated with an escalating voltage strategy versus those treated 
with a fixed voltage showed improved stone-free rates, as dem- 
onstrated in a recent randomized controlled trial.© Pretreatment 
with low-energy shock waves has also been shown to reduce renal 
damage.°! © The low-energy shock waves induce vasoconstriction 
during SWL, whereas standard protocols lead to vasoconstriction 
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after SWL.© Vascular injury from high-energy shock waves may 
be prevented, with the early vasoconstriction induced by precon- 
ditioning with low-energy shock waves during the treatment. The 
dictum seems to be, ‘start slow and low. 


Different approaches to improve shock 
wave lithotripsy efficacy and safety 


Two recent meta-analyses indicate that medical expulsive ther- 
apy, using either a calcium channel blocker or an alpha-adrenergic 
blocker, improves stone passage and stone-free rates after SWL.3839 
The calcium channel blocker nifedipine increased the success rate 
of SWL treatment of ureteral stones in a randomized prospective 
study.®? The alpha-adrenergic blocker tamsulosin has also been 
shown to improve stone-free rates after SWL in a randomized pro- 
spective study.®4 Additionally, potassium citrate appears to improve 
residual fragment clearance after SWL.® 

Patient selection also impacts on the efficacy of SWL. Preoperative 
evaluation of patients with CT may be helpful to predict outcomes 
of SWL, by for example allowing better determination of internal 
stone architecture.® Several studies have demonstrated that deter- 
mining the Hounsfield units of renal stones on pretreatment, non- 
contrasted CT may be able to predict stone-free rates of patients 
treated with SWL.?667- More recently, the use of multidetector CT 
has been shown to very accurately predict different stone compo- 
sitions in vivo,*® thereby potentially allowing patients with ‘SWL 
resistant’ stones (e.g. calcium oxalate monohydrate or cystine 
stones) to be identified and treated with ureteroscopy or PCNL. 
Preoperative CT is also useful in determining skin-to-stone dis- 
tance. A number of studies have shown decreased efficacy of SWL 
as skin-to-stone distance increases.?>7667 

There is a large body of evidence that suggests free radicals play a 
role in SWL-mediated tissue injury. Several studies have investigated 
the role of antioxidants in protecting the renal parenchyma against 
free radical injury.°*-” Patients pretreated with mannitol, a known 
free radical scavenger, have been shown to have reduced urinary {2- 
microglobulin (which indicates renal cell damage), compared to a 
control group.6? Other groups have demonstrated that antioxidants 
reduce indicators of renal cellular damage in patients undergoing 
SWL, regardless of whether given pretreatment and post-treatment.” 
Another study has demonstrated, in an in vitro model, that vitamin 
E and citrate reduce shock wave induced increase in free radicals. 
Patients at high risk of renal damage during SWL may benefit from 
use of free radical scavengers and periprocedure antioxidants. 


Conclusions 


Extracorporal shock wave lithotripsy has revolutionized the treat- 
ment of renal and ureteric since its introduction in 1980. Though 
the technology for SWL continues to evolve, the fundamental prin- 
ciples of delivering a shock wave to fragment a stone remain the 
same. Increasing experience with SWL has enabled better patient 
and stone selection to improve both safety and efficacy. Modified 
treatment strategies and medical adjuncts, such as medical expul- 
sive therapy and antioxidants, have further improved stone-free 
rates and safety. A number of advancements in lithotripter design, 
such as improved imaging for localization and modified coupling 
devices, may impact on future efficacy. Future research will be 
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dedicated to modifying lithotripters’ design to improve the deliv- 
ery of shock waves, coupling of the shock wave head to the patient, 
improving stone localization, and increasing the efficiency while 
reducing side effects. 
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CHAPTER 2.7 


Intracorporeal techniques 
of stone fragmentation 


Gaston M. Astroza, Ghalib Jibara, 
Michael E. Lipkin, and Glenn M. Preminger 


Introduction to intracorporeal techniques 
of stone fragmentation 


The surgical management of nephrolithiasis has undergone dra- 
matic changes over the last 40 years. Developments in radiographic 
equipment, endourologic devices, and intracorporeal lithotrites 
have completely changed patient care, thereby providing more 
effective stone comminution with a significant reduction in opera- 
tive morbidity compared to the open alternatives. 

The use of intracorporeal lithotripsy for the management of 
larger ureteral and intrarenal calculi has dramatically improved. 
The small working channel of the semi-rigid and flexible endo- 
scopes has limited the size and usefulness of instruments which 
can be passed and used for stone removal. Indeed, for larger stones, 
baskets or grasping forceps are often inadequate and potentially 
dangerous to accomplish successful stone extraction. 

Even with the availability of shock wave lithotripsy (SWL) for 
the management of urinary tract stones, intracorporeal lithotripsy 
provides significant advantages in select cases. Since fragmentation 
is performed under direct vision, the stone can be entirely removed 
and there is no need to wait for fragments to pass, as with SWL. 
Although the choice of intracorporeal fragmentation is frequently 
based on the location and composition of the stone to be treated, 
the experience of the clinician and availability of equipment often 
dictates this decision. 

Different modalities of intracorporeal lithotripsy are currently 
available: ultrasonic lithotripsy (UL); pneumatic lithotripsy (PN); 
combination ultrasonic and pneumatic lithotripsy (combo); elec- 
trohydraulic lithotripsy (EHL); and laser lithotripsy. 


Electrohydraulic lithotripsy 


The principles of electrohydraulic lithotripsy were described and 
developed by a Russian engineer in 1950.! This technology had 
been used extensively for the destruction of bladder stones and in 
1975, reports were published on its use for the fragmentation of 
ureteral stones.” The EHL unit consists of a probe, a power gener- 
ator, and a foot pedal. The probe is made up of a central metal core 
and two layers of insulation with another metal layer between them. 
Probes are flexible and available in varying sizes. Commercially 
available EHL units are manufactured with power up to 120 volts. 
The electrical discharge is transmitted to the probe, where a spark 


is generated at the tip. The intense heat production in the imme- 
diate area surrounding the tip of the probe results in a cavitation 
bubble, which produces a shock wave that radiates spherically in 
all directions.* The bubble’s collapse causes a second shock wave. 
These shock waves, repeated at a frequency of 50-100 per second, 
result in destruction of the stone. 

EHL is effective for the fragmentation of all kinds of urinary cal- 
culi, including cystine, uric acid, and calcium oxalate monohydrate 
stones.° The primary disadvantage of EHL is its inability to remove 
stone fragments. All particles need to be washed out during intra- 
operative irrigation, or grasped with forceps. 

Excellent fragmentation of most ureteral calculi is to be expected, 
and intracorporeal lithotripsy with EHL for both urinary tract and 
biliary calculi offers an effective and cost efficient modality when 
small calibre, flexible lithotripsy probes are used. However, accord- 
ing to the most recent American Urological Association guide- 
lines, clinicians should not utilize EHL as the first-line modality for 
intraureteral lithotripsy due to high risk of ureteral perforation.® 


Ultrasonic lithotripsy 


Ultrasonic energy was first used to fragment kidney stones in 1979. 
Commercially available units consist of a power generator com- 
bined with an ultrasound transducer and a probe that form the 
‘sonotrode’ A piezoceramic element in the handle of the sonotrode 
is stimulated to resonate, and this converts electrical energy into 
ultrasound waves (23,000-27,000 Hz) which are transmitted 
along the hollow metal probe creating a vibrating action at its tip. 
When the vibrating tip is brought in contact with the surface of 
a stone, the stone can be disintegrated. The probe must be rigid 
since sound waves cannot be transmitted without energy loss along 
flexible probes. The probes come in varying sizes and are passed 
through the straight working channel of a rigid endoscope. Suction 
tubing can be connected to the end of the sonotrode probe thus 
converting the unit into a ‘vacuum cleaner’ for stone fragments.’”~? 
Smaller 2.5 Fr solid ultrasound probes are available for use through 
rigid ureteroscopes!° and these can be utilized for rare cases in 
which fragmentation of large, distal ureteral calculi with EHL or 
laser lithotripsy has been ineffective. In all cases, normal saline at 
body temperature should be used as irrigant. 

We continue to utilize ultrasound mainly for the fragmenta- 
tion of large renal calculi during percutaneous nephrolithotripsy 
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procedures. Ultrasound is used only rarely via an ureteroscopic 
approach. 


Laser lithotripsy 


The development of the pulsed dye laser for fragmentation of 
ureteral calculi was initiated in 1986.112 Significant advances in 
laser fibres and power generation systems have propelled laser 
lithotripsy to be the treatment of choice for fragmentation of most 
ureteral stones. The pulsed dye laser delivers short, one micro- 
second energy pulsations at 5-10 Hz produced from a couma- 
rin green dye. Instantaneous fluid evaporation causes a plasma at 
the stone surface, resulting in a highly localized shock wave. The 
504 nm wave length produced by the pulsed dye laser is selectively 
absorbed by the stone, but not the surrounding ureteral wall. As the 
energy is delivered in short pulses, minimal heat is generated, again 
protecting the ureteral mucosa. Initial experience yielded stone 
fragmentation rates ranging from 64% to 95%.!14 Failures have 
been related to equipment malfunction (4-19%) or due to stone 
composition. 

Continued development in laser technology has yielded larger 
diameter laser fibres that are able to more effectively fragment hard 
calculi. Newer 300 and 320 micron laser fibres are superior to the 
original 200 micron fibres for the fragmentation of calcium oxal- 
ate monohydrate and cystine stones. Fragmentation rates of greater 
than 90% have been obtained with these new fibres. 

Solid-state lasers have been developed (Q-switched YAG, alexan- 
drite, and holmium lasers) for the fragmentation of bladder calculi. 
These solid-state systems offer similar efficacy rates as compared to 
the dye lasers, but are significantly less expensive than the dye lasers 
and have reduced maintenance costs.!° 

The holmium wavelength is not selectively absorbed and works 
equally well to fragment stones of varying colour and compos- 
ition.!©-!8 Moreover, the holmium laser has the advantage of being 
a multipurpose laser system. It can be used for stone fragmentation, 
and for haemostatic and tissue effects including incision of urinary 
tract strictures and prostatic resection.!°° A potential limitation 
of this device is its ‘drilling action on hard stones. This can often 
be time-consuming, particularly when using the smaller holmium 
fibres.?!2? Moreover, the tissue effects demand a greater degree of 
caution, as injury to the urothelium, guidewire, or endoscope can 
occur during stone fragmentation. 

The major advantage of the holmium laser is that these small 
fibres can be placed through small, flexible ureteropyeloscopes. 
Both the 200 u and 365 up fibres can be placed through a flexible ure- 
terorenoscope, though the 200 ų fibre is preferred when managing 
intrarenal calculi, since the smaller fibre diameter allows for greater 
ureteroscopic deflection. The relatively low power required to frag- 
ment calculi also allows the use of low-power holmium lasers. 
These low-power units provide 25-30 watts of power, at a signifi- 
cantly reduced cost as compared to the high-power, 80 watt lasers. 

Our own experience with the holmium laser shows it to be ideal 
for use through all kinds of flexible endoscopes, and we now use 
it almost exclusively as our fragmentation modality of choice with 
both semi-rigid and flexible ureteroscopes. 

As an alternative to holmium laser lithotripsy, the frequency dou- 
bled, double pulse Nd:YAG (FREDDY) laser (World of Medicine, 
Berlin, Germany) has shown to provide excellent stone fragmenta- 
tion and minimal stone retropulsion.*? The FREDDY laser effects 


stone fragmentation by production of a plasma bubble. Upon bub- 
ble collapse, a mechanical shock wave is generated, causing stone 
fragmentation. This mechanism of action is in contrast to the hol- 
mium laser, which cause stone destruction by vaporization. 
Thulium laser is another alternative that has been recently devel- 
oped and tested to use in stone management. Thulium fibre laser 
beam diameter is 18 u, allowing easy coupling of the laser radi- 
ation into small-core optical fibres. Such small fibres have a great 
potential use when coupled with flexible endoscopes in demanding 
applications such as access to the lower pole of the kidney for litho- 
tripsy.*4 In an ex vivo study, the stone mass loss with thulium laser 
was higher than with holmium laser. Further development is neces- 
sary to improve the use of thulium laser as a laser lithotripsy.?° 


Pneumatic lithotripsy 


Another technique developed for the fragmentation of ureteral, 
renal, and bladder calculi is pneumatic lithotripsy. The first pneu- 
matic device, the LithoClast, consists of a pneumatically driven pis- 
ton which will fragment stones by direct contact (Fig. 2.7.1).2%?7 
A major advantage of this device is its efficiency in breaking up 
calculi of all composition. Pneumatic lithotrites utilize a semi-rigid 
probe and therefore can only be passed through instrumentation 
with a straight working channel. At the present time, the smallest 
pneumatic probe is 0.8 mm, which can be used with the small semi- 
rigid ureteroscopes. 

There have been a number of basic science and clinical studies 
demonstrating the safety and efficacy of the pneumatic device.?8? 
Hofbauer and Marberger performed a randomized prospective trial 
comparing the fragmentation of distal ureteral calculi with both 
EHL and pneumatic lithotripsy.4° While the fragmentation rates 
for both devices were basically identical (85% fragmentation for 
EHL and 90% fragmentation for pneumatic lithotripsy), ureteral 
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Fig. 2.7.1 The first pneumatic device, the Lithoclast, consists of a pneumatically 
driven piston that will fragment stones by direct contact. 

Reproduced from Walsh PC, Retik AB, Vaughan D, and Wein AJ, Campbell's Urology, Eighth 
Edition, pp. 3395-7, Saunders, Philadelphia, USA, Copyright © 2002, with permission from 
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perforation was noted in only 2.6% of the patients undergoing 
pneumatic lithotripsy, while there was a 17% incidence of perfor- 
ation in the EHL group. In a clinical experience utilizing pneumatic 
lithotripsy, successful fragmentation of stones of varying com- 
position located in the kidney, ureter, and bladder was achieved, 
though ureteral stone migration was a problem in a limited number 
of patients who had significantly dilated proximal ureters.’ 

Recent innovations have expanded the use of pneumatic litho- 
tripsy for the intracorporeal fragmentation of ureteral calculi. A suc- 
tion device (Lithovac; EMS, Nyon, Switzerland) has been developed 
to aid in removal of stone fragments during pneumatic lithotripsy 
and limit the proximal migration of ureteral calculi.*!? In addition, 
flexible pneumatic probes are under development which will allow 
the use of pneumatic lithotripsy with flexible ureteroscopes.*>-9 

Another device, the LMA StoneBreaker™ (LMA, Durban, South 
Africa) is a portable, non-electric, contact ballistic intracorporeal 
lithotripter which is activated by a hand switch. This device weighs 
around 500 g and requires no extraneous electric or pneumatic 
connections. It is powered by a detachable cartridge of high pres- 
sure CO, with a maximum preadjusted operating pressure of 31 
bars with a single pulse mode. It has demonstrated its utility in 
management of ureteral calculi. Some studies have been performed 
to analyse the use of this lithotripter, and they have showed good 
fragmentation efficacy and no complications associated with its 
use.*© In a prospective randomized multicentre trial, StoneBreaker 
was compared with Swiss LithoClast® (EMS) during percutaneous 
nephrolithotripsy and was demonstrated to be an effective tool for 
intracorporeal lithotripsy, particularly for hard stones. It has also 
proved easy to set up and use.?” 

Pneumatic lithotripsy is an attractive option for the management 
of distal ureteral calculi, used through a semi-rigid ureteroscope 
with a straight working channel. Moreover, the pneumatic devices 
can be used for the fragmentation of bladder calculi and, in select 
cases, of renal calculi that do not respond well to UL. In a rand- 
omized prospective trial, Salvado et al. compared the success rates 
and complications between LithoClast classic, Ho:YAG laser, and 
StoneBreaker.3® The stone-free rate between the three devices was 
similar and no difference in complications were found. 

For proximal ureteral stones, no prospective randomized tri- 
als are available. A retrospective comparison between holmium 
laser and pneumatic lithotripsy in managing upper ureteral stones 
showed better fragmentation rates for holmium laser-assisted ure- 
teroscopy (URS) compared with the pneumatic LithoClast. The 
necessity for auxiliary procedures after holmium laser-assisted URS 
was less when compared with LithoClast.>? 


Electrokinetic lithotripsy 


The EMS Swiss Lithobreaker is a portable, electrokinetic litho- 
tripter. Its tip velocity and displacement characteristics have been 
compared with the LMA StoneBreaker™. The electrokinetic device 
had significantly higher tip displacement and slower tip velocity. 
In the same study in a percutaneous model, the electrokinetic 
device required an average of 484 impulses over 430 s to fragment 
one BegoStone (BEGO, Lincoln RI), while the pneumatic device 
required 29 impulses over 122 s to fragment one stone. Both clear- 
ance times and number of impulses required for percutaneous 
stone clearance were significantly different. In an ureteroscopy 
model, the mean clearance time was 97 s for the electrokinetic 


lithotripter and 145 s for the pneumatic lithotripter. Comparing the 
pneumatic device with the electrokinetic device ureteroscopically, 
there was no significant difference in clearance time. Clinical stud- 
ies are needed to confirm these findings in vivo. 


Combination ultrasonic/ pneumatic 
lithotripsy 


Lithoclast Master (EMS) is a device which incorporates the fragmen- 
tation ability of pneumatic lithotripsy with the efficient stone removal 
capabilities of UL. This device has been shown during in vitro studies 
to clear artificial stones in a more efficient manner than ultrasonic or 
pneumatic devices alone.*° Moreover, the size of fragments created by 
the combination ultrasonic/pneumatic device are significantly smaller 
than the standard lithotrites. A prospective randomized trial compar- 
ing combined ultrasonic and pneumatic lithotrite with a standard 
ultrasonic lithotrite for percutaneous nephrolithotomy has shown 
that stone ablation and clearance rates were similar for both devices. 
The combined device was more efficient only for harder stones.‘! 

Cyberwand® (Olympus, Center Valley, PA) is an intracorporeal 
lithotripter with a dual-probe ultrasonic design that incorporates 
coaxial high frequency with low frequency. The inner probe is fixed 
to the handpiece and the outer probe is free to move in a recipro- 
cating fashion and is pushed outward by a sliding piston driven by 
the vibration energy of the inner probe. In an in vitro study, Kim 
compared the stone penetration time between CyberWand and 
LithoClast Ultra” (EMS). The stone penetration time for the first 
device was significant shorter than the second one.*? 

In a randomized controlled, multicentre clinical trial, the 
CyberWand was compare to a single-probe lithotrite for percu- 
taneous nephrolithotomy. In this study, no significant difference in 
stone clearance rate, intraoperative, and postoperative complica- 
tions and primary stone-free rates were founded.? 


Intracorporeal lithotripsy: Selection 
of modality 


There are a number of modalities that can be used for intracorporeal 
lithotripsy of urinary tract calculi. While there is no ‘best’ device, 
considerations for choosing a specific technology include efficacy, 
safety, and cost. However, if a holmium laser is available, then this 
multipurpose laser offers perhaps the best option for ureteral stones. 
Both ultrasonic and pneumatic lithotripsy offer the advantage of 
rapid fragmentation, even with very large or hard stones, but its use 
is limited to rigid or semi-rigid delivery systems. With these charac- 
teristics, they could be the first option to treat large or hard stones. 
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CHAPTER 2.8 


Kidney stones 
Presentation and diagnosis 


John Reynard and Ben Turney 


Presentation 

Renal stones may present in a variety of ways: 

+ Loin pain 

+ Haematuria 

+ Urinary tract infections 
e lower urinary tract infections (specifically recurrent cystitis) 
e renal abscess 
e perinephric abscess 


¢ Incidentally (asymptomatic) during radiological investigation 
for other intra-abdominal symptoms 


Loin pain 

Loin pain is a common presentation to the urology outpatient 
clinic as it is to the emergency department. We know that approxi- 
mately 50% of patients presenting with loin pain thought (by their 
attending doctors) to be indicative of a ureteric stone have no evi- 
dence of urolithiasis within the ureter or kidneys, or indeed of any 
other urological pathology on unenhanced computed tomography 
(CT) scanning. It follows that a substantial proportion (presum- 
ably something in the region of 50%) of those with loin pain who 
present less acutely also do not have evidence of renal or ureteric 
stone disease.! 

Even for patients where unenhanced CT scanning confirms the 
presence of a stone, the only sure way of determining whether or 
not this is the cause of the loin pain that they complain of is to 
remove the stone. If their loin pain resolves, then it can be said that 
the stone was the cause. Not surprisingly, patients who are assured 
that their loin pain is caused by their stone will be disappointed (as 
will be their urologist) when their pain persists despite successful 
stone clearance. 

That said, the small non-obstructing calyceal stone assumed, 
because of its small size, not to be responsible for loin pain, may 
certainly cause such pain? and removal of these stones can improve 
or resolve pain in a proportion of such patients. 


Haematuria 


Rarely, visible haematuria (with or without loin pain) may be a pre- 
senting symptom of renal stone disease. Other more serious causes 


of haematuria must be excluded. Dipstick or microscopic (non- 
visible) haematuria is common though not universal. 


Urinary tract infections 


Renal stones may be both the cause of recurrent urinary tract infec- 
tions or UTIs (cystitis) and be caused by them. Not surprisingly, 
populations at risk of UTI (women; patients with neurological dis- 
ease such as spinal cord injury? and spina bifida; those with urinary 
diversions; those with congenital urinary tract abnormalities) are 
more likely to form stones and their stones are more likely to be so- 
called infection stones (composed of struvite—magnesium ammo- 
nium phosphate hexahydrate). Once an infection stone forms, it 
will harbour vast quantities of bacteria and thus perpetuate epi- 
sodes of recurrent UTI. Because (obviously) stones are not vascu- 
larized, no amount of antibiotics will resolve the recurrent UTIs. 

Occasionally renal stones may present with serious upper tract 
infection in the form of a pyonephrosis (an infected hydronephro- 
sis), a perinephric abscess (arising from rupture of an abscess in the 
cortex into the perinephric tissues), emphysematous pyeloneph- 
ritis, or xanthogranulomatous pyelonephritis. 

As for loin pain, the proof that recurrent UTIs are caused by 
the stone is their successful resolution following complete stone 
removal. It is therefore advisable to warn patients that resolution of 
UTIs may not follow complete stone clearance. 


The incidental (asymptomatic) finding 
of renal stone disease 


Asymptomatic renal stone disease is prevalent: 389 (7.7%) of 5,047 
asymptomatic individuals undergoing unenhanced CT colonogra- 
phy over a four-year period have urinary tract stones (mean size 
3 mm, range 1-20 mm; mean stone number per patient 2).° 


Diagnosis 


Plain radiography remains a good way of identifying renal stones 
if calcified, will identify cysteine stones which are relatively radio- 
lucent, but cannot ‘see’ non-calcium-containing stones (e.g. uric 
acid, triamterene, indinavir). 

‘The sensitivity of ultrasound for detecting renal calculi is variably 
reported at between 50-95%.° 

Unenhanced CT is nowadays regarded as the diagnostic gold 
standard for identifying renal calculi, for measuring their size 


Fig. 2.8.1 A large right renal calculus diagnosed on a CT-KUB. 


Image reproduced courtesy of John Reynard 


and number and, to a lesser degree, determining their loca- 
tion (Fig. 2.8.1). Where doubt exists over stone location, pre- 
cise determination requires either CT urography or retrograde 
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ureterorenography. The ‘limitation’ of CT is its radiation dose, but 
as a single ‘upfront’ diagnostic test, there is no substitute. 
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Watchful waiting 
for stone disease 
John Reynard and Ben Turney 


Introduction to stone disease 


When 5,047 asymptomatic individuals underwent unenhanced 
computed tomography colonography between 2004-2008, 395 
(7.8%) were found to have urinary tract stones (99% renal stones— 
mean size 3 mm, range 1-20 mm, mean stone number per patient 
2; and 1% ureteric or bladder stones).! Symptomatic urolithiasis 
subsequently developed in 36 (9%) of these 395 individuals after 
an average of 1.3 years from initial stone diagnosis. So, while 9% 
of screened individuals experienced a stone event, 91% remained 
asymptomatic for several years afterwards. This is not a unique 
observation and forms the basis for watchful waiting as a manage- 
ment option, at least for small calyceal renal stones. Why intervene 
if the stone may not do anything? 

So what is the risk that symptoms will develop or intervention 
will be required? 

In 63 patients with 80 asymptomatic stones (stone size and num- 
ber not recorded) and an average follow-up of 7.4 years,” 45% expe- 
rienced an increase in stone size and 51% experienced pain, while 
16% of stones passed spontaneously, 40% required surgical inter- 
vention, and 38% remained in situ. 

In Glowacki’s study,* 70% of 107 initially asymptomatic patients 
remained asymptomatic over a mean of 2.5 years of follow-up. 
Meanwhile, 15% developed ureteric colic, 8% required extracor- 
poreal shock wave lithotripsy (ESWL), 6% ureteroscopy, and 3% 
percutaneous nephrolithotomy (PCNL). Kaplan-Meier analysis 
predicted the probability of a symptomatic event in 10% at one year, 
20% at two years, 30% at three years, 40% at four years, and 50% at 
five years. Half of symptomatic events required intervention. 

As a ballpark figure, these studies from the 1980s suggest that 
within approximately five to seven years, pain will develop in 
roughly half of patients with initially asymptomatic stones, and 
intervention will be required in-between approximately 20-40%. 

Can the risk of pain and the requirement for intervention be 
more accurately predicted for individual patients? 


Risk of requirement for intervention 
versus stone size 


In the largest observational study to date, Burger? related risk of 
intervention (ESWL, ureteroscopy, PCNL), development of pain, 
and increase in stone size to stone size and location. The study must 
be interpreted with a caveat—the decision to intervene was left 
to the patient, apparently without physician involvement. Thus, a 


percentage of patients (but it is not clear from the study how many) 
may have decided to undergo intervention because of a perceived 
risk of a future stone event (increase in size or sudden ureteric stone 
migration) without actually knowing the real risk of a stone event. 
It is not clear how many patients required intervention for actual 
ureteric stone migration as opposed to the fear of stone migration, 
and so the study fails to quantify the risk of stone migration—that 
sudden, very painful, and unpredictable event that presumably all 
patients want to avoid. Three-hundred men with asymptomatic 
stones (mean age 63 years) were followed over a mean of 3 years 
(range 0.2-10 years). Stone size at presentation was <5 mm in 32%, 
5-10 mm in 55%, 11-15 mm in 10%, and >15 mm in 3%. Stone 
location was 26% upper pole, 28% middle pole, 44% lower pole, 
and 2% renal pelvis. 

Intervention was required in 26%, being more likely for stones 
>4 mm in diameter (Table 2.9.1). Kaplan-Meier analysis predicted 
a 50% chance of intervention at seven years. An increase in stone 
size occurred in 47% with upper and middle pole stones, and 61% 
with lower pole stones. 

The most robust data (derived from a prospective randomized 
controlled trial) for the actual risk of sudden ureteric stone migra- 
tion is provided by Keeley’s ESWL (n = 101 patients) versus observa- 
tion (n = 99 patients) study? of asymptomatic stones <15 mm, with 
a mean of 2.2 years follow-up for 200 patients (range 1-5 years). 
Stone-free status was achieved in 17% of the observation group, nine 
passing their stone spontaneously, and seven were rendered stone- 
free by intervention (28% of the ESWL patients achieved stone-free 


Table 2.9.1 Approximate three-year risk of intervention, pain, or 
increase in stone size versus stones size, measured as the largest single 
diameter (where >1 stone present) 


Stone size 
<5 mm 5-10 mm 11-15 mm >15mm 
% Requiring 20% 25% 40% 30% 
intervention 
% Causing pain 45% 40% 40% 55% 
% Increasing in size 50% 55% 60% 70% 


Source: data from Burgher A, Beman M, Holtzman JL, and Monga M, Progression of 
nephrolithiasis: long-term outcomes with observation of asymptomatic calculi, Journal of 
Endourology, Volume 18, pp 534-9, Copyright 2004 Mary Ann Liebert, Inc. publishers. 


Table 2.9.2 The risk of intervention being required for initially 
asymptomatic small renal calculi (mostly <15 mm in size) 


Study Number Years of % of patients requiring 
of patients follow-up intervention (or 
followed symptomatic event) 

Boyce 2010! 295 1 year Symptomatic stone 

event 9% 
eeley 2001° 99 Mean 20% 

<15 mm 2.2 years 

Burgher 20044 300 Mean 25% 

majority <15 mm 3 years 

nci 20076 24 Mean 11% 
4.3 years 

Glowacki 19923 107 At5 years 25% 

Hubner and 63 Mean 40% 

Porpazcy 1990? 7.4 years 


Source: data from Boyce 20101; Keeley 2001°; Burgher 20044. Inci 20076; Glowacki 19923; 
and Hubner and Porpazcy 1990 


status—a surprisingly small proportion). Additional treatment was 
required in 21% of the observation group—ESWL in 18 patients, 
ureteroscopy in six, and stent insertion in four (and in 15% of the 
ESWL group). There was no difference in quality of life or time 
off work between the two groups. In this well designed, carefully 
conducted study, the bottom line thus seems to be that one in five 
patients with asymptomatic stones who opt to watch and wait will 
require ESWL, ureteroscopy, and/or stent insertion over 2.2 years. 

Inci® followed 24 patients with asymptomatic lower pole stones 
over a mean of 52.3 months. Mean stone diameter at presentation 
was 8.8 mm (range 2-26 mm). Progression in stone size was dem- 
onstrated in 9 of 27 renal units (33.3%) with 2 (11.1%) requiring 
intervention. Three stones passed spontaneously without any pain, 
a further three patients developed pain, with two passing a stone 
spontaneously. 

Pain will develop or intervention (ESWL, ureteroscopy, stent 
insertion) will be required in 10% of patients at 1 year,! 20% at 
2 years,” and 40-50% at 5-7 years?-4 (Table 2.9.2). The chances 
of an increase in stone size are highly variable being reported in- 
between 33-70% of patients, at least partly being related to stone 
size at the start of observation. An increase in stone size does not 
necessarily translate into a requirement for intervention. 


Who is suitable for watchful waiting? 


As a rule of thumb for the asymptomatic stone, the younger the 
patient and the larger the stone, the more inclined are we to rec- 
ommend treatment, the perception being that large stones will, if 
left untreated, be more prone to cause complications over the many 
years of life ahead of the patient and may (possibly) grow faster. 
What both urologist and patient need is data on which to base a 
decision to watch and wait—they need an idea of the risk of watch- 
ful waiting over a period of time. 


How is watchful waiting defined? 


The short answer is—it has not been defined. No national or inter- 
national guidelines exist to inform decision-making or to indicate 
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the appropriate frequency, duration, mode, and logistics of obser- 
vation (family doctor vs. hospital-based), which remain matters 
for debate. Too short an observation interval risks more radiation 
exposure and is onerous and costly for patients and healthcare sys- 
tems alike, as is follow-up over many years. Too long an interval 
between imaging risks an increase in stone size beyond the range 
of less invasive options (ESWL) and into the range where more 
invasive treatments may be required (f-URS, PCNL). From a medi- 
colegal perspective, it is therefore important to warn patients who 
elect watchful waiting over immediate stone treatment that they 
may miss the opportunity for simpler and safer treatment (ESWL) 
and may require more complex treatment (f-URS, PCNL) if their 
particular stone grows more rapidly than anticipated in-between 
imaging studies. 

The two groups of patients with small asymptomatic stones suit- 
able for watchful waiting (the never previously symptomatic vs. 
those who have experienced a previous stone event) may require 
different (respectively, perhaps less vs. more frequent) follow-up 
screening protocols, but again no evidence is available to inform 
follow-up frequency. 


Stones that are not suitable for 
watchful waiting 


+ Airline pilots cannot fly once diagnosed with an asymptomatic 
renal calculus. The rules determining when they are allowed to 
fly again can be found on the CAA (Civil Aviation Authority) 
website. 


+ For drivers of heavy goods vehicles, the DVLA (Drivers Vehicle 
Licensing Agency) gives advice’ (renal failure, septicaemia, 
pyonephrosis, perinephric abscess).8-!° The combination of the 
neurogenic bladder and staghorn calculus seems to be particu- 
larly associated with a poor outcome.!! 


Stones where treatment may be 
recommended over watchful waiting 


+ Women considering pregnancy. 
+ Patients with solitary kidneys. 


+ Patients with spinal cord injuries where silent (asymptomatic) 
ureteric stone migration can lead to silent and even complete loss 
of renal function on the affected side. 
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CHAPTER 2.10 


Retrograde intrarenal surgery 
Flexible ureterorenoscopy 


Gaston M. Astroza, Ghalib Jibara, 
Michael E. Lipkin, and Glen M. Preminger 


Introduction to retrograde 
intrarenal surgery 


The European Association of Urology (EAU) and the American 
Urological Association (AUA) have recommended percutaneous 
nephrolithotomy (PCNL) for the management of kidney stones 
over 2 cm as a first-line treatment, and retrograde intrarenal sur- 
gery (RIRS) in the form of flexible ureterorenoscopy (f-URS) or 
extracorporeal shock wave lithotripsy (ESWL) for stones under 
2 cm.!? This is with the caveat that stones in the lower pole between 
1.0 and 1.5 cm are best managed by PCNL as first-line treatment 
given the lower stone-free rate with ESWL?-5 with a higher residual 
stone fragment rate, which leads to recurrent stone formation.® 
However, with technological advances (small calibre, actively 
deflectable ureterorenoscopes) and improvements in endoscopic 
techniques, it is becoming apparent that f-URS has stone-free rates 
equivalent, if nor superior to, ESWL. As a consequence, f-URS is 
increasingly being recognized as an alternative to ESWL.7-!! 


Indications 


Currently, f-URS is recommended as a first-line treatment by both 
the AUA and EAU guidelines for treatment of patients with with a 
total non-lower pole renal stone burden <20 mm and those with 
lower pole renal stones <10 mm in diameter. Flexible ureterorenos- 
copy is additionally indicated!?-15; 


+ where ESWL has failed to achieve stone clearance; 
+ in the presence of a bleeding diathesis; 
+ in cases where body mass index precludes effective ESWL; 


+ in the presence of musculoskeletal deformities or infundibular 
stenosis; 


+ for multiple unilateral intrarenal stones; 


¢ in patients not considered candidates for PCNL where staged 
f-URS may be offered. 


Flexible ureterorenoscopy can be safely performed in the anticoagu- 
lated, as demonstrated by Turnas matched pair analysis comparing 
flexible ureteroscopy outcomes and complications in anticoagu- 
lated and non-anticoagulated patients. In either arm, none of the 
procedures were aborted and there was no difference in stone-free 
rates, or in intraoperative or postoperative complications, including 


postoperative haemorrhage and thromboembolic events.!® Flexible 
ureterorenoscopy has also been shown to be equally efficacious in 
terms of stone-free rates in normal, overweight, and obese patients. 17 

The presence of multiple unilateral intrarenal stones is also an 
indication for f-URS, since the reported stone-free rate of 50% with 
shock wave lithroscopy (SWL) in this group of patients is lower 
than in cases of single intrarenal stones.!*-?° In a retrospective 
review of outcomes with flexible ureteroscopy and laser lithotripsy 
for multiple unilateral intrarenal stones, Breda? found an overall 
stone-free rate after f-URS of 64.7% with one procedure and 92.2% 
after two procedures. For patients with multiple intrarenal stones, 
PCNL has equal or better outcomes than f-URS, but at the expense 
of a high complication rate. In particular, patients with multiple 
intrarenal stones who undergo PCNL may require multiple tracts, 
which increases the risk of complications.7! 

Patient with stone-bearing calyceal diverticula are candidates for 
f-URS, which allows both stone removal and dilatation, or incision 
of the diverticula neck, thereby reducing risk of stone recurrence 
(while ESWL improves symptoms in a proportion of such cases, 
many patients will experience recurrent symptoms over time).?? 
PCNL for calyceal diverticular stones results in higher stone-free 
rates when compared with f-URS?>4 at the expense of a slightly 
higher complication rate. 

For the 1 cmor less lower pole renal stone, a prospective randomized 
trial showed no significant difference in stone-free rates between 
ESWL and f-URS, but ESWL was associated with a shorter conva- 
lescence.* In another study that also compared SWL versus f-URS in 
the treatment of lower pole renal calculi, the stone-free rates and final 
success rates were similar, but ESWL was more cost-effective. 

For the larger renal stones (>2 cm), the stone-free rate of PCNL is 
better than f-URS and fewer procedures are required, but complica- 
tion rates are higher though statistically not significantly so.26-28 In 
patients with a contraindication to PCNL, such as irreversible coagu- 
lopathy, f-URS offers a viable alternative in treating these large stones. 


Instrumentation 


Innovations in fibre-optic and digital technology have propelled 
the development of flexible ureterorenoscopes. Modern flexible 
scopes have up to 270 degrees of active deflection, allowing access 
the entire upper urinary tract including all of the intrarenal col- 
lecting system.!3793° Digital image acquisition (as opposed to 
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conventional fibre-optic systems) has improved visualization of the 
collecting system, which in turn reduces operative times.3!*? 

Holmium laser fibres for intrarenal collecting system stone frag- 
mentation range in size (diameter as opposed to circumference) 
from 200 (greater deflection) to 365 microns (less deflection) for 
use down flexible ureterorenoscopes (Fig. 2.10.1). Modern flex- 
ible ureterorenoscopes maintain downward deflection up to 175 
degrees, even with a 365 micron holmium laser fibre (representing 
the minimal deflection needed to access the lower pole).*? 

Nitinol baskets, ranging in size from 1.3 Fr to 2.4 Fr, allow active 
retrieval of stone fragments from the intrarenal collecting sys- 
tem. Although a 1.9 Fr nitinol basket significantly reduces irrigant 
flow through the working channel, flow remains high enough for 
adequate visualization.*4 

Typically, the distal ureter does not need to be dilated prior to 
f-URS, given the small calibre of flexible ureterorenoscopes. Where 
the flexible ureterorenoscope will not pass through the distal ureter, 
a semi-rigid ureteroscope, balloon dilator, or a tapered ureteral 
dilators can be used to dilate the ureteral orifice and intramural 
ureter.>5 

Ureteral access sheaths (10/12 Fr to 14/16 Fr) facilitate multiple 
passages of the ureterorenoscope in and out of the ureter, so allow- 
ing more retrieval of stone fragments. They reduce operative times 
and costs during f{URS** and can improve stone-free rates (79% vs. 
67% for the treatment of intrarenal stones with a ureteral access, 
compared to treatment without an access sheath).*” Ureteral access 
sheaths may also prolong scope life. 


Technique 


The patient is placed lithotomy or supine with the legs flat in an 
attempt to ‘iron out’ the curve of the ureter. The lithotomy position 
tends to exaggerate the curve of the ureter. A rigid cystoscope is 


Sensor” 


PTFE-Nitinol Guidewire with Hydrophilic Tip 


passed to allow passage of the first guidewire and, if the surgeon 
prefers, a 4-6 Fr open-ended ureteral catheter so that a retrograde 
pyelogram can be performed to delineate ureteral and intrarenal 
collecting system anatomy (some surgeons prefer to perform the 
retrograde pyelogram once the flexible ureterorenoscope is in pos- 
ition within the renal pelvis). A 0.038 inch floppy-tipped ‘safety’ 
guidewire (e.g. a Sensor guidewire) (Fig. 2.10.2) is placed through 
the open-ended catheter up to the kidney under fluoroscopic guid- 
ance. Many surgeons pass a dual lumen catheter, to allow both 
ureteric dilatation and passage of a second ‘working’ guidewire. 

It is our practice to routinely use a 12/14 Fr ureteral access 
sheath, passed over the working wire (leaving the safety wire out- 
side the sheath), into the proximal ureter. It is often helpful to pass 
the inner sheath alone first to gently dilate the ureteral orifice and 
distal ureter. Once the access sheath is in appropriate position, 
the flexible ureterorenoscope is advanced up into the kidney over 
the working guidewire.3° Concerns over the possibility of relative 
ureteral ischaemia after ureteral access sheath placement, reported 
in an animal model, do not appear to have translated into any clin- 
ical consequences with long-term follow-up.*® On the positive side, 
ureteral access sheaths certainly allow easier access to the kidney, 
prevent the scope coiling within the bladder, improve irrigation 
flow, hence better visibility, and decreased intrarenal pressure (they 
‘vent off’ the collecting system).3?-4° 

The safety guidewire remains located within the renal pelvis until 
the procedure is completed. 

Under direct vision, the holmium laser, stone baskets, grasping 
forceps, or snares are used to fragment renal calculi and remove the 
resulting stone fragments under direct vision. During stone basket 
withdrawal, a distance of a few millimetres is maintained between 
the entrapped stone and the end of the scope, so allowing the sur- 
geon to ensure that the ureter is not in danger of being avulsed by 
the stone as it is withdrawn down the ureter. 


Me ty 


Fig. 2.10.1 A Sensor guidewire combining a Terumo-type tip with a more rigid ‘shaft, so allowing ease of manipulation past stones while maintaining ease of handling. 


Photographs provided courtesy of Boston Scientific, Copyright © Boston Scientific 2015. Do not copy or distribute. The content of this website is under the sole responsibility of its respective 


authors and does not represent the opinion of Boston Scientific (BSC). Access to this site does not imply any responsibility for BSC. Please refer to BSC product DFUs for indications, 


contraindications, precautions and warnings. 
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Fig. 2.10.2 200 micron fibres allow complete deflection of the ureterorenoscope. 


Photographs provided courtesy of Boston Scientific, Copyright © Boston Scientific 2015. Do not copy or distribute. The content of this website is under the sole responsibility of its respective 


authors and does not represent the opinion of Boston Scientific (BSC). Access to this site does not imply any responsibility for BSC. Please refer to BSC product DFUs for indications, 


contraindications, precautions and warnings. 


A stent is placed at the discretion of the surgeon. The routine use 
of double J ureteral stent is non-mandatory, as two meta-analyses 
have shown no difference in complication rates whether a stent is 
placed or not at the end of the procedure.*!-” 


Limitations 


Inevitably, the reduction in size of ureterorenoscopes, so critical to 
allowing access to the renal collecting system, has led to a reduction 
in the size of the working channel to 3.6-4.0 Fr. This limits the instru- 
mentation that can be passed down the channel, as well as restrict- 
ing irrigant flow and hence visualization. The irrigant flow through 
a flexible ureterorenoscope with a 3.6 Fr working channel is only 32 
mL/min with gravity irrigation—only 40% of the flow that can be 
achieved through a 13 Fr rigid ureteroscope.#? With placement of a 3 
Fr instrument through a 3.6 Fr working channel, gravity irrigant flow 
falls to only 2 mL/min. Reducing instrument size to approximately 
1 Fr increases irrigant flow to 24 mL/min with gravity irrigation.” 
Raising the irrigant pressure by using a mechanical pump, hand irri- 
gation system, or pressure bag applied to the bag of irrigant fluid sig- 
nificantly increases irrigant flow. However, forceful hand irrigation 
can raise intrarenal pressures to over 400 mm Hg, a pressure which 
can cause rupture of the intrarenal collecting system. 444 


Conclusions 


Flexible ureterorenoscopy is an effective and safe method for the 
management of intrarenal stones. It has nearly equivalent stone- 
free rates when compared to percutaneous nephrolithotomy, with 


fewer complications. However, in the treatment of large stones, 
it may require multiple procedures. As technology continues to 
evolve with improved flexible ureterorenoscopes and better instru- 
mentation for stone fragmentation and fragment removal, the indi- 
cations for f-URS are likely to increase. 
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Kidney stone treatment 
Percutaneous nephrolithotomy 


Andreas Neisius, Ghalib Jibara 
Michael E. Lipkin, and Glenn M. Preminger 


Introduction to kidney stone treatment 


In 1941 Rupel and Brown published the first study in which an 
operatively established nephrostomy tract was used to extract an 
obstructing renal calculus.! Removal of a renal calculus via a per- 
cutaneous tract was performed successfully by Fernström in three 
patients 20 years later.? The first large cohort of percutaneous 
nephrolithotomy (PCNL) was reported by Alken in 1981 and sub- 
sequently it has become the preferred treatment method for large 
and/or complex renal and proximal ureteral calculi. 


Contemporary indications 
and contraindications 


Shock wave lithotripsy (SWL) and more recently, retrograde intra- 
renal surgery (RIRS—or flexible ureterorenoscopy) have had a sig- 
nificant influence on the general indications for percutaneous stone 
management. These indications are currently well-defined and most 
are relative, rather than absolute. Several factors affect the choice 
of treatment for kidney stones including size, location, and stone 
composition. In their current guidelines, the European Association 
of Urology (EAU) recommends PCNL as first-line therapy for all 
renal calculi >20 mm and for lower pole stones 215 mm. For stones 
210 and <15 mm in the lower pole, the EAU states that RIRS is 
a feasible option in high-volume centres.* In 2001, the lower pole 
I study group reported a prospective randomized trial comparing 
PCNL to SWL for lower pole stones and demonstrated that PCNL 
achieves stone-free rates of 95% in lower pole stones 210 mm com- 
pared to 21% utilizing SWL, with no difference in complications 
rates. Lower caliceal stones have a lower stone clearance rate after 
SWL and stones size for treatment in this location is generally lim- 
ited to 10 mm for SWL.*® The role of RIRS for lower pole stones 
>10 mm remains unclear. 

According to the American Urologic Association (AUA) guide- 
line for the management of staghorn calculi, PNL should be the 
first-line treatment for most patients.” The meta-analysis performed 
by the AUA guideline panel found higher stone-free rates for the 
treatment of staghorn stones when compared to SWL. Indications 
for PCNL other than staghorn stones include unusual body habitus 
precluding SWL (including gross obesity such that SWL is not feas- 
ible); urinary tract obstruction distal to the stone, cysteine, brush- 
ite, or calcium oxalate monohydrate stones; stones associated with 


upper tract foreign bodies; and large or otherwise complex stones. 
Currently, indications for PCNL rather than SWL include the pres- 
ence a proximate calcified aortic or renal artery aneurysm. Clearly 
where SWL has failed, PCNL is a treatment option. 

Currently, the only absolute contraindication to percutaneous 
stone extraction, SWL, or open stone surgery is an irreversible or 
uncorrected coagulopathy. RIRS is an alternative approach in these 
patients as the risk for bleeding is significantly less. Severe obesity 
is considered a contraindication for SWL due it causing decreased 
efficacy of SWL, as skin-to-stone distance increases and it being a 
relative contraindication for PCNL because of lower success rates; 
thus RIRS is favoured in severely obese patients.4 With the advance 
of endourologic technology, RIRS is considered as a reasonable 
alternative to SWL and PCNL in patients with low stone volume, 
and even as first-line therapy in particular cases with intermediate 
stone burden in the lower calyx and/or co-morbidities.8-12 


Preoperative preparation 


Preoperative counselling includes the risks of requiring secondary 
intervention, transfusion of blood products, infection, or rarely, 
emergency open operative intervention. The risk of complications 
is clearly countered by the relatively short hospital stay and period 
of convalescence, especially compared to open operative interven- 
tion.!3-16 Formal cross-matching is generally not necessary, though 
a ‘group and save (‘type and screen’) should be done. 


Urinary tract infection 


According to the current EAU guidelines, all patients should 
undergo urinalysis and culture before PCNL. Urinary tract infec- 
tions should be treated before stone removal. In cases of clinically 
significant infection and obstruction, drainage should be per- 
formed for several days, via a stent or percutaneous nephrostomy, 
before starting stone removal.* Bootsma et al. reported in a sys- 
tematic review that there was low evidence for better outcomes 
utilizing prophylactic antibiotics in endoscopic procedures includ- 
ing PCNL. The amount of irrigation fluid used and the duration of 
the procedure are significant risk factors for postoperative fever.!” 
Fever is correlated with bacterial urine load, severity of obstruc- 
tion, the presence of bacteria in the calculi, and to stone size 
(220 mm).!8 In a recently published prospective study, Bag et al. 


demonstrated significant better results for antibiotic prophylaxis 
with furadantin one week prior to PCNL in patients with stone size 
225 mm and/or hydronephrosis.!? Others recommend the routine 
collection of pelvic urine cultures and stone cultures instead of just 
bladder urine, because of better sensitivity and higher likelihood 
for predicting potential urosepsis.2° Infection following PCNL is 
common, but only a very few cases progress to urosepsis. Positive 
preoperative urine, intraoperative urine, and infected stone cul- 
tures are predictive factors for the development of postoperative 
systematic inflammtory response syndrome.?! Eighty per cent 
(80%) of the patients in this study who developed septic shock 
were positive for all cultures, and the other 20% at least for stone 
cultures. 

In accordance with these findings, our patients with positive 
cultures are treated for approximately one week with culture sen- 
sitivity specific antibiotics on an outpatient basis. Patients receive 
preoperative intravenous antibiotics, which are continued for 
24 hours. In general, patients are not discharged home with antibi- 
otics unless they develop fever or signs of infection postoperatively. 
For patients with a negative preoperative urine culture, patients 
are given perioperative intravenous antibiotics for prophylaxis. In 
general, we use ampicillin and gentamicin for perioperative anti- 
biotic prophylaxis. 


Imaging 


Preoperative imaging is essential to assess feasibility for PCNL and 
to allow treatment planning. Renal ultrasound, plain abdominal 
kidney, ureter, and bladder radiograph (KUB), intravenous uro- 
gram, and non-contrast computerized tomography (NCCT) are 
the most common studies performed prior to PCNL, determin- 
ing stone size and location, grade of obstruction, and anatomic 
abnormalities. 

For diagnosis and staging purposes, renal ultrasound is limited 
by its low sensitivity,” but it is the favoured to method to guide 
renal puncture for PCNL. Visualization is best in dilated collect- 
ing systems, which allows the difference between solid renal paren- 
chyma and fluid in the collecting system to be distinguished. It also 
allows identification of the overlying bowel and is ideal for gaining 
access to transplanted kidneys, or after urinary diversions. 

KUB X-ray is inexpensive and readily available but limited by 
low sensitivity (58-62%) and specificity (67-69%). Pure uric acid 
stones are usually not visualized on plain X-ray films unless they 
have some calcium component. As KUB provides little information 
of regarding intrarenal anatomy and surrounding structures, it is of 
limited value in planning percutaneous access.”? 

IVP (intravenous pyelography) identifies the anatomical rela- 
tionship between the ribs and the kidney and the configuration of 
the calyces (including the angle of the infundibulum to the renal 
pelvis) and the localization and size of the stones in relation to the 
collecting system.”4-?° IVP is of particular value in cases of com- 
plex renal anatomy, such as calyceal diverticulum stones. 

NCCT has a reported sensitivity and specificity approaching 
100% and 97%, respectively, and as such represents the gold stand- 
ard for diagnosing renal and ureteral calculi.2”-7° As NCCT is avail- 
able at most centres and emergency departments, the majority of 
patients entering via emergency room have already undergone a 
NCCT before even seeing the urologist, which allows the exclusion 
of other abdominal pathology.?! In planning for PCNL, NCCT 
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Fig. 2.11.1 A 3D reconstruction of a renal stone prior to percutaneous 
nephrolithotomy (PCNL). 


Image reproduced courtesy of John Reynard. 


provides detailed information about number, size, and location of 
stones, and about any anatomical abnormalities such as horseshoe 
kidneys or surrounding structures. Knowing the size and location 
of adjacent organs such as the lung, liver, colon, and spleen can 
help in gaining safe access to the kidney.**-39 As adjacent organs 
around the kidney may move when shifting from supine to prone 
position and the majority of NCCT scans are routinely provided in 
supine position, some institutions repeat scans in the prone pos- 
ition. A portion of the colon can be retrorenal on the right side in 
13.6% of men and 13.4% of women, and on the left side in 11.9% 
of men and 26.2% of women.*4 Others have shown that there is no 
significant change in the orientation of calyces between supine and 
prone positions, and have concluded that supine CT is adequate for 
PCNL planning.*° 

With increasing computer power and improved specific software, 
three-dimensional (3D) CT urography allows a 3D reconstruction 
of the kidneys and collecting system, and also of the vascular sys- 
tem (Fig. 2.11.1), which may be especially helpful in complex cases 
(e.g. complex staghorn calculi requiring multiple tracts or patients 
with severe scoliosis or spina bifida). Higher cost and radiation 
exposure are important limitations.’6-40 


Technique 


The exact technique of percutaneous stone extraction used is spe- 
cific to the size, location, configuration, presumed composition of 
the stone, body habitus, anatomical abnormalities and/or previ- 
ous surgeries. However, the procedure is performed with the same 
sequential steps that include establishing percutaneous access, dila- 
tion of the tract, stone fragmentation, and stone extraction. 
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Access to the collecting system can be provided by a radiologist 
or urologist with ultrasound, fluoroscopy, CT, or magnetic res- 
onance guidance (still experimental). Ultrasound-guided access 
minimizes radiation dose and identifies surrounding organs such 
as the bowel.*! This technique is particularly useful in pelvic dys- 
topic kidneys, after renal transplantation, and in patients after urin- 
ary diversions.*?-4” Ultrasound imaging is operator dependent and 
is difficult in non-dilated collecting systems and obese patients.?” 
Recent evidence suggests Doppler ultrasound guidance decreases 
haemorrhagic complications and transfusion rates during PCNL 
access, by avoiding renal blood vessels with stones >35 mm.4849 CT 
has been used in patients with a high risk of damage to adjacent 
organs.°° 

Fluoroscopy remains the gold standard technique for achieving 
access to the collecting system. It is used to puncture the collecting 
system, pass guidewires, dilators and instruments and to place dou- 
ble J stents (DJ) or nephrostomy tubes (NT) after the procedure. We 
routinely obtain percutaneous renal access at the time of surgery 
using fluoroscopy. 

To establish access, with the patient in lithotomy, we use a cysto- 
scope to pass a guidewire up the ureter followed (Fig. 2.11.2) by a 6 
Fr open-ended ureteral catheter. A Foley catheter is placed into the 
bladder and the ureteral catheter is secured to the Foley. The patient 
is then placed in a prone or slightly oblique position with the ipsi- 
lateral side elevated to approximately 20 degrees. For patients with 
rotational anomalies such as horseshoe kidneys, the contralateral 
side is elevated to allow a more medial rotation of the otherwise 
anteriorly projected renal pelvis. This allows the posterior infun- 
dibula and calices to project more laterally, thus fluoroscopically 
simulating a more orthotopic position of the kidney. A retrograde 


Fig. 2.11.2 Placement of a guidewire into the renal collecting system—the first 
step in PCNL access by a 6 Fr open-ended ureteral catheter. 
Image reproduced courtesy of John Reynard. 


air pyelogram is performed through the previously placed open- 
ended ureteral catheter with injection of approximately 5 mL of air. 
Air is used, due to it preferentially filling the posterior calyx that 
provides direct access to the stone, and the fact that air does not 
obscure the view of the stone>! (contrast is a perfectly reasonable 
alternative and is preferred by many urologists and radiologists 
(Fig. 2.11.3). 

An 18-gauge trocar needle is used to obtain access in the selected 
posterior calyx. This needle is advanced under fluoroscopic guid- 
ance during expiration (especially for supracostal punctures to 
avoid chest complications)*? into the tip of the calyx to establish 
initial puncture and introducing a wire antegrade into the ureter. 

Ideally for large stones, an upper pole access is utilized that will 
allow the surgeon to work without torqueing the nephroscope. 
Using a mid or upper pole access, the surgeon has also excellent 
access to the ureteropelvic junction and to the ureter if antegrade 
ureteroscopy needs to be performed. For isolated mid or lower pole 
stones, a mid or lower pole access is usually performed. Access 
tracts established over the eleventh rib have in increased risk of 
complications (e.g. hydro- or pneumothorax). The risk of a hydro- 
or pneumothorax after PCNL is as high as 12% for access above 
the twelfth rib and increases up to 35% with access above the elev- 
enth rib.5354 In another study, Aron demonstrated that multiple 
tract access is safe and should be the first option for massive renal 
staghorn calculi. In 121 renal units in which an upper pole access 
was performed, hydrothorax occurred in only 2.4%, even with 76% 
of the accesses being supracostal.>° For these cases, an intraopera- 
tive or immediately postoperative chest X-ray should be performed 
to identify this complication and solve the issue by placement of a 
thoracostomy tube while the patient is still under anaesthesia. 

At this point, prior to percutaneous stone manipulation, a sec- 
ond wire should be placed as a safety wire utilizing a nine or ten 


Fig. 2.11.3 Contrast fills the calyces to guide needle puncture. 
Image reproduced courtesy of John Reynard. 


Fig. 2.11.4 The access sheath in place with guidewires prior to stone removal. 


Image reproduced courtesy of John Reynard. 


French introducer set. Over the remaining ‘working’ wire, the tract 
is dilated to 30 Fr, utilizing either sequential fascial dilators (Alken 
or Amplatz) or what we preferably use, a 30 Fr, NephroMax™ 
high-pressure nephrostomy balloon catheter (Boston Scientific, 
Marlborough, MA, USA) with a burst pressure of 17 ATM over 
which is a back-loaded, 30 Fr working sheath. This sheath will stay 
in place with a safety wire alongside (Fig. 2.11.4). It has been dem- 
onstrated that balloon dilation results in less renal parenchymal 
damage and bleeding compared to metal Alken or Amplatz fascial 
dilators.°©5” However, others who use the Alken dilators exclu- 
sively stated in contrary that no blood transfusion was required 
in a series of 315 patients.°* In a recently published prospective 
database from the United Kingdom, Armitage showed that for 987 
patients undergoing 1,028 PCNL, there was a non-significant trend 
to higher rates of blood transfusions in patients who had a balloon 
dilatation (3.2% versus 0.8%, p = 0.093).°? 

Stone extraction itself can be accomplished with a variety of tech- 
niques. At most centres, percutaneous stone extraction is accom- 
plished utilizing ultrasonic lithotripsy guided by direct vision 
through a rigid nephroscope. This approach was first described by 
Alken and Marberger in Germany and Austria*° and subsequently 
popularized in the United States by Segura®! and Clayman. 

The nephroscope is inserted through the working sheath. Normal 
saline is used for irrigation. Vision may be obscured by blood 
clots, which are easily evacuated by adjusting the irrigation and 
suction from the nephroscope sheath, or by using suction through 
the ultrasound wand while ultrasonic energy is applied to the clot. 

Stones with a diameter <9-10 mm in size are small enough to 
extract intact through the working sheath. Such stones are simply 
grasped under direct vision utilizing rigid graspers or endoscopic 
forceps passed via the working port of the nephroscope. However, as 
most stones are too large to be extracted intact, intracorporeal litho- 
tripsy is required, most frequently using ultrasonic lithotripsy.© 
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The ultrasound lithotrite with its own suction attachment is 
introduced via the working channel of a rigid nephroscope. Under 
direct vision, the tip of the lithotrite is impacted against the stone 
while suction is applied through the hollow lithotrite, holding the 
stone in place. This allows the stone pieces to be evacuated via the 
lithotrite as fragmentation proceeds. Fragments that are too large 
to pass through the lithotrite, but now measure less than 9 mm, 
are easily extracted using graspers or baskets via the nephroscope 
under direct vision. The process of ultrasonic fragmentation with 
suctioning of fragments or forceps extraction continues until all 
visible stone fragments have been removed. 

For some physically very hard stones like large calcium oxal- 
ate monohydrate stones, which often appear extremely dense and 
homogenous on plain X-rays, and some mixed calcium oxalate/ 
uric acid stones, ultrasonic lithotripsy might not be adequate. In 
these cases, intracorporeal lithotripsy can be performed effect- 
ively with several alternative modalities including electrohydraulic 
lithotripsy (EHL), which has proven safe and effective in this set- 
ting.6®%65 Two more of these alternative modalities, currently in use 
by many urologists, are pneumatic or combined pneumatic litho- 
trites, for example the Swiss Lithoclast® (Electro Medical Systems 
(EMS), Switzerland) and the Ltihoclast Ultra” (Boston Scientific 
Corporation, Marlborough, MA). The Swiss Lithoclast, the first 
pneumatic lithotrite, is powered by compressed air like a jackham- 
mer. The Lithoclast Ultra consists of a combination of two hand- 
pieces; the pneumatic probe is inserted through the ultrasonic 
handpiece. Energy levels can also be modulated independently.®°- © 
The technique of stone clearance is more or less equivalent to the 
ultrasound technique described above. 

A newer dual probe ultrasound lithotrite (Cyberwand®, Olympus 
Corporation of the Americas Center Valley, PA, USA) failed to 
show significantly better stone fragmentation in a multicentre 
randomized controlled trial compared to the standard ultrasound 
device Olympus LUS-II (Olympus Corporation of the Americas, 
Center Valley, PA, USA).® 

Contemporary alternatives to electrohydraulic, pneumatic, and 
ultrasonic lithotripsy (which are variations of electromechanical 
lithotripsy) include the holmium laser, which is widely used with 
all kinds of flexible instruments.” 

For infundibular or caliceal calculi lying at acute angles to the 
percutaneous tract, visualization, fragmentation, and extraction 
often require flexible nephroscopy.’!”* Although flexible nephros- 
copy can be successful when used during the initial percutaneous 
procedure, even a moderate amount of bleeding may obscure 
vision due to decreased irrigation through the flexible scope. 
In either case, a working sheath is again in place and the flexible 
nephroscope passed through this under direct vision. Fluoroscopic 
guidance is even more important during flexible rather than rigid 
procedures to assure proper orientation. When the stone is visual- 
ized, a grasping forceps, prongs, or basket can be passed through 
the working port of the flexible scope, and the stone engaged and 
withdrawn intact. Alternatively, larger stones can be fragmented 
with either the holmium laser or EHL, both of which allow intra- 
corporeal lithotripsy via flexible instruments. Once stone fragmen- 
tation and removal is complete, the collecting system is completely 
examined with the flexible nephroscope. Fluoroscopy is also used 
to determine if there are residual fragments. 

At this point, the decision to perform the surgery tubeless or 
to leave a nephrostomy tube is made. It is our practice to leave a 
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nephrostomy tube in cases of collecting system injury, significant 
residual stone burden necessitating a second look procedure, sig- 
nificant bleeding, or altered urinary tract anatomy (i.e. patients 
with urinary diversions). In all other cases, a consideration is made 
to perform a tubeless procedure. In our institution, more than 85% 
of all PCNL are performed tubeless (with a temporary open-ended 
ureter catheter or DJ stent). In general, for patients undergoing 
tubeless PCNL, we leave the 6 Fr open-ended ureteral catheter 
in place overnight secured to a 16 Fr balloon catheter (a tubeless, 
stentless PNL). A DJ stent is left in place in cases where a large 
proximal ureteral stone is treated and in cases of access above the 
eleventh rib. 

For patients who are left with just the 6 Fr ureteral catheter, at 
the conclusion of the procedure the safety wires and percutan- 
eous access sheath are removed. Manual pressure is held over the 
percutaneous tract for five minutes. A 3-0 vicryl suture is used to 
reapproximate the subcutaneous tissue. A 4-0 monocry]l suture is 
used to close the incision in a subcuticular fashion. The incision is 
dressed with gauze and tegaderm. 

In patients where a DJ stent is left instead, one of the guidewires 
is back-loaded into the rigid nephroscope. The 6 Fr ureteral cath- 
eter is removed under vision. The DJ stent is then placed in an ante- 
grade fashion over the wire through the nephroscope under vision 
and fluoroscopic confirmation that the proximal end of the stent is 
in the bladder. The wire is removed and fluoroscopy is again used 
to confirm an appropriate curl in the bladder. The proximal curl 
(in the kidney) is confirmed under vision. The remaining safety 
wire and the percutaneous access sheath are removed. Afterwards, 
beginning with manual pressure, the remainder of the session is 
carried out as as outlined above. 

If we decide to leave a nephrostomy drain, our preference is to 
pass a 10 Fr loop nephrostomy tube. The tube is placed over a wire 
through the working sheath and the position is fluoroscopically 
confirmed. The remaining safety wire and access sheath is then 
removed. The nephrostomy tube is secured to the skin using a 2-0 
silk drainage stitch. 


Specific indications 
Body habitus 


Patients in whom an unusual body habitus or severe obesity pre- 
cludes SWL, due to limitations of table capacity and/or focal 
length,’ can also be challenging for PCNL. In these patients, both 
percutaneous access and tract dilation are more difficult, partly 
because fluoroscopic imaging and instrumentation is compro- 
mised. In the last decade, it has been shown that supine position- 
ing is a good alternative approach for patients with severe obesity. 
Despite the advantages of not having to reposition these patients 
after placing the open-ended ureteral catheter, ventilation is also 
improved and operation time is shorter. In a recent Cochrane 
based meta-analyses, Liu et al. compared supine versus prone pos- 
ition and found no difference in terms of stone-free, transfusion, 
fever, and complication rates, but supine position was in favour for 
shorter operation times.”4 

Assmy performed a study in 1,121 PCNL patients and dem- 
onstrated no significant difference in complication rates, need 
for auxiliary procedures, and length of hospital stay between dif- 
ferent body mass index (BMI) groups.’> Overall, PCNL seems 
to be a safe procedure in obese patients, but the need for special 


instruments and modified patient positioning have to be taken into 
consideration.”>~7” 

Patients with severe scoliosis or body contractures may prevent 
adequate positioning of the stone for SWL. In these patients, access 
with PCNL may be also difficult because of the altered anatomy. 
In some, the kidney may be located in a relatively anterior pos- 
ition, such that prevention of injury to adjacent solid or hollow 
viscera becomes an important consideration. We have found CT 
or ultrasound guidance valuable in preventing injury to adjacent 
organs in patients with severe scoliosis or other related anatomic 
abnormalities. 


Hard stones 


Brushite or calcium oxalate monohydrate stones are particularly 
hard and resistant to fragmentation with SWL. Cysteine stones 
are also often refractory to SWL due to their homogenous com- 
position. These stones are very amenable to most forms of intra- 
corporeal lithotripsy.”* At our centre, percutaneous ultrasonic 
nephrolithotomy remains the preferred approach for the majority 
of cystinuric patients requiring intervention, though RIRS might 
be also taken into consideration.* For harder stones, such as cal- 
cium oxalate monohydrate, intracorporeal pneumatic lithotripsy or 
combined pneumatic/ultrasonic lithotripsy can potentially provide 
more rapid stone fragmentation than ultrasound alone. 


Upper tract foreign bodies 


Retained ureteral stents can present a technical challenge for 
removal. Often these stents are severely encrusted. If the prox- 
imal curl of a retained ureteral stent does not appear to be severely 
encrusted, an attempt at ureteroscopic management is justi- 
fied. If ureteroscopic management has failed or if the proximal 
portion of the stent appears severely encrusted, a percutaneous 
approach is indicated.”? Access, instrumentation, lithotrites, and 
removal of fragments are performed according to the standards 
described above. 


Obstruction 


Stone clearance after SWL requires spontaneous passage. As such, 
obstruction distal to the targeted stone is a contraindication to 
shock wave lithotripsy as first-line treatment. For most affected 
patients, distal obstruction will relate to the ureter or ureteropelvic 
junction (UPJ), though the same principle applies to stones in cal- 
iceal diverticula, or those in calices associated with true infundibu- 
lar stenosis. In these patients, percutaneous management is ideal 
as it provides an opportunity to remove the stone and provide per- 
manent relief of obstruction. 

Stones in caliceal diverticula or in calices drained by long, narrow 
infundibula, or those in calices associated with true infundibular 
stenosis are best treated with a percutaneous approach or RIRS.8°- 
82 Tdeally, the access should involve direct puncture of the diver- 
ticulum or of the obstructed calyx containing the stone. Working 
and safety wires can either be coiled within the diverticulum/calyx 
or occasionally, under fluoroscopic control, passed through the 
diverticular neck, into the main pyelocaliceal system, and down the 
ureter. Nephroscopic stone removal proceeds in a standard fashion. 
After stone removal, the diverticular neck is often better visualized. 
If a wire has not already been passed across the neck, it can often 
be done at this time, and the diverticular neck subsequently dilated 
or incised. When the neck appears wide enough, a nephrostomy 


tube is left across it into the main pyelocaliceal system for several 
days. In rare cases, dilute methylene blue may be injected in a retro- 
grade fashion through the ureteral catheter to allow identification 
of the diverticular neck by nephroscopic visualization. An alterna- 
tive to dilation of a diverticular neck, especially when it cannot be 
visualized directly or intubated fluoroscopically, is simple fulgur- 
ation.83 A nephrostomy tube is left in place in the diverticulum, 
but not across the neck. This acts to ‘marsupialize’ the diverticu- 
lum, which does not have secretory urothelium. In contrast to the 
management of caliceal diverticular necks, a stenotic infundibulum 
should always be dilated or laser incised, rather than fulgurated, 
as the calyx does contain secretory urothelium. The infundibulum 
can be dilated using either sequential fascial dilators, or preferably 
with a balloon catheter under direct vision, fluoroscopic control, or 
both. Following stone extraction and dilation of the infundibulum, 
a large calibre nephrostomy tube is left indwelling across the infun- 
dibulum into the renal pelvis. 

The association of upper tract stones with UPJ obstruction pro- 
vides an ideal setting for percutaneous management, as this allows 
simultaneous extraction of the stones and relief of obstruction.*4 
Percutaneous management of the stones is performed in a standard 
manner with a more superolateral calyx or infundibulum that will 
allow optimal endoscopic access to the UPJ. To prevent extravasa- 
tion of irrigant or stone particles during stone fragmentation and 
removal, stone extraction should precede the actual endopyelotomy 
incision. At the remainder of the procedure, a relatively large calibre 
stent is left indwelling for approximately four weeks. Currently, in 
most cases of intrarenal stones associated with a UPJ obstruction, 
consideration should be made for a robotic pyeloplasty with con- 
current stone removal as the first-line therapy, as it has been shown 
to have better long-term outcomes than endopyelotomy. Open 
pyeloplasty and pyelolithotomy have reported success rates of 90% 
compared to antegrade endopyolotomy with concomitant percu- 
taneuous stone removal with 64-85%.°4-87 In a multi-institutional 
review, overall long-term successful outcomes from robotic pyelo- 
plasty, including patients with concurrent stone removal, have been 
demonstrated at 95.7%.88 


Transplanted and pelvic kidneys 


For stones in transplanted kidneys, several caveats pertain. In gen- 
eral, these are solitary kidneys, and retrograde access to the ureter 
may be impossible following the requisite ureteral reimplantation, 
which may also cause a relative narrow ureteral orifice aggravat- 
ing stone clearance after SWL. Keeping this in mind, consideration 
should be given to percutaneous management for even moderate- 
sized stones. Percutaneous access to transplanted kidneys is gen- 
erally straightforward, as the kidney lies at or near skin level, and 
preferably ultrasound or CT guidance may be used for initial punc- 
ture. Once the tract is established, the procedure proceeds as for 
native kidneys with standard tract dilation, stone manipulation, 
and internal or external drainage. In contrast to transplanted kid- 
neys, congenital pelvic kidneys are deeper within the pelvis and 
peritoneal contents, including small and large intestines, may be 
interposed. In such cases, ultrasound or CT guidance is crucial. 


Large or complex calculi 


According to the AUA guideline for the management of staghorn 
calculi, ‘PNL should be the first-line treatment for most patients.’ 
This is in conformity with the current European guidelines.* As 
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referenced above, Aron demonstrated in a study with 397 tracts in 
121 renal units the safety of multiple tract access and concluded 
that PCNL monotherapy should be considered first-line therapy 
for renal staghorn calculi. Percutaneous management can be used 
as a primary approach for ‘debulking’ prior to adjunctive SWL as 
part of a planned, combination ‘sandwich approach to increase 
stone-free rates up to 94%.758? A second look can then be taken via 
the mature tract or tracts within 24 to 48 hours of the shock wave 
procedure to hasten clearance of stone fragments and allow early 
nephrostomy tube removal.®? 


Failed shock wave lithotripsy 


Percutaneous management can be used as a ‘salvage’ procedure for 
patients who have undergone unsuccessful shock wave lithotripsy. 
Additionally, remaining ureteral fragments can be extracted in an 
antegrade or retrograde fashion ureteroscopically using flexible or 
semi-rigid instrumentation. 


Postoperative care 


The patients are kept in the hospital overnight in an observation 
unit. Vital signs are monitored closely, and serial blood counts are 
obtained as determined by the clinical course. For the first 24 hours 
postoperatively, intravenous fluids are administered and intraven- 
ous antibiotics are continued. For those patients with documented 
urinary infection associated with stone disease, culture-specific 
antibiotics are continued intravenously for at least 24 hours while 
the patient is in the hospital, and then orally for one week. A Foley 
catheter draining the bladder is left in place. For patients who 
were left with just a ureteral catheter, the Foley and ureteral cath- 
eters are removed the morning of the first postoperative day. Also, 
patients with a DJ stent typically have their Foley removed on post- 
operative day one. The stents are generally left in place for one to 
two weeks, depending on the indication for stent placement. For 
patients who were left with a NT for bleeding or collecting system 
injury, the tube is typically clamped on postoperative day two and 
then removed (if the patient tolerates it clamped). Alternatively, a 
nephrostogram can be performed prior to NT removal, especially 
if there is concern for urinary extravasation or obstruction. If there 
are no residual stones nor any obstruction or extravasation noted 
on the nephrostogram, the nephrostomy tube is removed. Ureteral 
obstruction found at this time usually results from blood clots or 
oedema, either of which should resolve spontaneously within 24- 
48 hours, or occasionally results from small stone fragments in the 
ureter, which will often pass spontaneously, or may be managed 
with antegrade or retrograde manipulation. The patient is then 
discharged home and allowed to return to full pre-hospitalization 
activity seven to ten days later. Patients are seen for a postoperative 
visit two weeks after surgery. The DJ stent is removed with a flexible 
cystoscope in the clinic one to two weeks after surgery. Imaging is 
typically obtained at a three-month visit, with either an intravenous 
pyelogram or non-contrast CT scan. 


Complications of percutaneous stone removal 


In cases of a significant perforation of the collection system, we rec- 
ommend the placement of a NT at the end of the procedure. When 
the injury occurs at the UPJ, it is preferable to have a ureteral stent 
across the UPJ in addition to the nephrostomy tube. The nephros- 
tomy tube can then be removed as soon as the extravasation is no 
longer evident and distal patency is assured on nephrostogram. 
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When there is increased risk for pleural injury (supra eleventh rib 
puncture), we recommend leaving a DJ stent and possibly a NT. 

Bleeding is one of the most significant complications associated 
with percutaneous stone removal. Bleeding during access usu- 
ally stops when the sheath is in place and effectively tamponades. 
The more recent use of balloon dilators may reduce the incidence 
of bleeding during this step. For cases in which there is signifi- 
cant intraoperative bleeding, the procedure should be suspended 
and a NT should be left in place. On rare occasions, if brisk bleed- 
ing is noted from the nephrostomy tract, 5 mL of FloSeal® gelatin 
matrix can be instilled followed by manual compression (Baxter, 
Berkshire, UK).°° 

Bleeding through the nephrostomy tube is often evident at 
the completion of even a relatively uncomplicated procedure. 
Successful management in almost all such cases can be achieved 
by temporarily plugging the nephrostomy tube and allowing the 
collecting system to tamponade. Several hours later, the NT can 
be unplugged again. If brisk bleeding occurs during removal 
of the nephrostomy tube, it should be immediately reinserted; 
however, when the tract has matured for even 24 hours, fluoro- 
scopic control is generally not required. Delayed haemorrhage, 
that is, bleeding occurring several days following removal of the 
nephrostomy tube, is best managed conservatively with close 
monitoring of vital signs, bedrest, hydration, and transfusion as 
necessary. 

Bleeding at any time that does not respond to conservative meas- 
ures that include transfusion is best managed by renal angiography, 
and selective or even superselective arterial embolization. ‘Oper 
operative exploration should be reserved only for failure of all other 
modalities due to the fact that surgery generally leads to partial, or 
more likely total, nephrectomy.?! 


Extrarenal organ injury 


Injury to a hollow or solid organ other than the kidney (spleen, 
liver, or colon) have been reported from 0% to 0.4% in large series 
(>900 patients).°9759* As mentioned above, even with the increas- 
ing use of upper pole and supracostal access, the rates for hydro, 
haemo- or pneumothorax stay surprisingly low, with rates of 16% 
for supracostal and 4.5% for subcostal access (irrespective of per- 
cutaneous approach: 8.3%). Access over the twelfth rib was associ- 
ated with 10% rates, compared to 35% complication rates for access 
over the eleventh rib.?? When possible, it is best to avoid access over 
the eleventh rib; however, if this access is mandatory, CT-guided or 
ultrasound-guided access can be considered.°° 

Management of thoracic adverse events depends on the patient's 
clinical picture. If the patient is completely stable with no ventilatory 
or respiratory compromise, observation alone may allow spontaneous 
resolution. A thoracic drain may be required for a few days, however. 

If colonic injury occurs, in many cases conservative management 
may again be successful. A separation of the nephrocolonic com- 
munication is needed and consists of withdrawing the nephros- 
tomy tube back to the colon to provide ‘percutaneous colostomy’ 
drainage. An internal stent should also be placed into the involved 
collecting system to separate the colonic and urinary pathways. 
Conservative management should include the use of intravenous 
antibiotics and total parenteral nutrition for about a week. If the 
lesion is extraperitoneal, conservative management is more likely 
to be successful. This can be determined with a nephrostogram or a 
CT scan. However, intraperitoneal injuries should be given careful 


consideration for immediate open operative repair instead of the 
delayed approach.”4 


Conclusions 


Percutaneous nephrolithotomy is considered as first-line therapy 
for large (>2 cm, >1.5 cm for lower pole with unfavourable fac- 
tors) and complex kidney stones. PCNL has been demonstrated 
to be safe and efficacious. On average, while stone-free rates of 
approximately 70% overall”? can be achieved at experienced high- 
volume centres, this rate can approach 100%.?5-97 Furthermore, it 
has been documented that PCNL can be performed as a tubeless 
procedure in uneventful cases, in children, in obese patients, and 
even in patients with supracostal access with similar low compli- 
cation rates, but significantly reducing the length of hospital stay.°® 
In general, morbidity for PCNL is low, even in patients with co- 
morbid medical conditions and complex stones. Clavien 2 compli- 
cation rates (including blood transfusion and parenteral nutrition) 
appear in approximately 7%, Clavien 3 complication rates (requir- 
ing intervention) in 4.1%, Clavien 4 (life threatening) in 0.6%, and 
Clavien 5 rates (mortality) in 0.04%, as reported in a recently pub- 
lished comprehensive review including 115 studies.*? It has been 
demonstrated that percutaneous nephrolithotomy has little, if any, 
clinically significant adverse effect on renal function, notwith- 
standing of pre-existing renal insufficiency or anatomically solitary 
kidneys. 100-103 
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CHAPTER 2.12 


Open stone surgery 
for kidney stones 


Gaston M. Astroza, Ghalib Jibara, 
Michael E. Lipkin, and Glenn M. Preminger 


Introduction to open stone surgery 
for kidney stones 


The development of shock wave lithotripsy and minimally invasive 
therapies (percutaneous nephrolithotomy (PCNL) and ureteros- 
copy (URS)) have narrowed the indications for open surgery for 
renal and ureteric calculi.!~3 

The outcomes associated with other techniques (stone-free rate 
for staghorn stones with PCNL 78% vs. 71% with open procedures), 
similar rates of overall significant complications, and lower trans- 
fusion rates demonstrate the advantages of shock wave lithroscopy 
and other endoscopic approaches.* 

Current indications for open surgery (or alternatively a laparo- 
scopic approach*!!) include an associated anatomic abnormality, 
which would best be managed with open operative intervention 
at the time of stone removal; a failure of or a contraindication to 
shock wave lithotripsy, retrograde intrarenal surgery and percutan- 
eous management; or, in the urologist’s judgement, a stone so large 
and complex that a single open operative procedure would more 
likely render the patient stone-free, with less risk than the option of 
a complicated percutaneous procedure with or without adjunctive 
shock wave lithotripsy. 

The type of open procedure is determined by stone size, config- 
uration, and pyelocaliceal location. 


Pyelolithotomy 


Czerny was the first to perform removal of a stone via an incision 
in the renal pelvis in 1880.!* In 1913, Lower popularized a verti- 
cal pyelolithotomy, which remained the preferred approach for 
uncomplicated renal pelvic calculi for many years.!3 In 1965, Gil- 
Vernet advocated a transverse rather than a vertical pyelolithotomy 
based on his studies of the functional anatomy of the renal pelvic 
musculature. 14 

Open pyelolithotomy was supplanted almost 20 years ago by 
the advent of percutaneous and shock wave technology. Currently, 
the only indications for this procedure are a failure of or contra- 
indication to other techniques, or the presence of an associated 
abnormality such as pelviureteric junction obstruction (PUJO), 
the open approach allowing simultaneous pyeloplasty. However, 
the advent of percutaneous and laparoscopic approaches to correc- 
tion of PUJO, as well as stone removal has no doubt contributed to 


the continuing decline in indications for open pyelolithotomy.>~7 
Furthermore, in patients with solitary large renal pelvic stones 
without an associated abnormality, a laparoscopic approach is a 
feasible technique associated with a high stone-free rate and a low 
number of complications.8-!! 


Operative approach to standard open 
pyelolithotomy 


Currently the indications for a standard pyelolithotomy, within 
the context of the limited indications for open operative interven- 
tion, include stones limited to the renal pelvis with minimal or no 
branching. The procedure is performed through a standard flank 
incision or through a dorsal lumbotomy. The retroperitoneum is 
entered and Gerota’s fascia opened posteriorly at the lower pole of 
the kidney. The proximal ureter is identified and surrounded with 
a vessel loop; this aids dissection and prevents distal stone migra- 
tion during the procedure. The dissection is then carried proxim- 
ally along the posterior aspect of the ureter towards the renal pelvis. 
Once the pelvis is exposed posteriorly, stay sutures are placed in 
preparation for a transverse pyelotomy. This incision is made well 
away from the pelviureteric junction and carried as far laterally on 
the pelvis as is necessary to extract the stone under direct vision. 
After the stone is removed and the vessel loop is relaxed, a catheter 
is passed antegrade down the ureter to ensure ureteral patency. The 
pyelotomy is then closed in a single layer using a running or inter- 
rupted a 4-0 absorbable suture, placed full thickness through the 
renal pelvic wall. An internal ureteral stent and external drainage 
are recommended. 


Extended pyelolithotomy 


Extended pyelolithotomy, as advocated by Gil-Vernet in 196514 
takes advantage of dissection into the renal sinus to gain access 
to the intrarenal collecting system. In general, its use had been 
limited to management of relatively large renal pelvic stones with 
or without extension into one or more infundibula, but without 
dumbbell-shaped caliceal extensions or associated infundibular 
stenosis. 

The posterior aspect of the renal pelvis is exposed in the same 
way as that for a standard pyelolithotomy. Dissection is then car- 
ried into the renal sinus by incising the fibrous tissue between the 


posterior hilar lip of renal parenchyma and the renal pelvis itself, 
and the plane between the renal pelvis and peripelvic fat is entered. 
Further exposure of the intrarenal collecting system can then be 
accomplished using vein retractors, or specifically designed Gil- 
Vernet renal sinus retractors, to elevate the posterior parenchymal 
lip. Dissection into the sinus then continues using a moist gauze 
or Kittner sponge. As described by Wulfsohn, temporary occlu- 
sion of the renal artery with local hypothermia can serve to soften 
the renal parenchyma and allow further exposure of the intrarenal 
collecting system.!>!6 A curvilinear transverse pyelotomy is per- 
formed between stay sutures, taking care to avoid the pelviureteric 
junction. The pyelotomy is then extended along both the upper and 
lower infundibula, thus creating a renal pelvic flap, which affords 
access to even large calculi with early branch formation. Any infun- 
dibular extensions that remain after extraction of the renal pelvic 
stone can be removed using Randall’s forceps. 

For more extensive stones, this approach can be combined with 
a simple or lower pole nephrotomy, which is best reserved for 
patients with associated cortical loss and local cortical thinning. 

Lower pole infundibulocaliceal extensions of pelvic calculi can 
be managed by extending the inferior aspect of the pyelotomy inci- 
sion onto the posterior renal parenchyma itself as a pyeloinfundib- 
ulotomy, directly over the involved lower infundibulum. 

Upon removal of all visible and palpable stone material, a cath- 
eter is passed antegrade down the ureter and the intrarenal col- 
lecting system is thoroughly irrigated. If multiple stones have been 
present, intraoperative images should be taken to exclude residual 
calculi. The pyelotomy incision is closed as for a standard pyeloli- 
thotomy, and an internal stent placed in selected cases. 


Caliceal diverticulolithotomy 


Caliceal diverticula are transitional epithelium-lined cavities in the 
renal parenchyma, which communicate with a calix or infundibu- 
lum—although that communication may not be demonstrable. 
Because some caliceal diverticula are associated with localized 
urinary stasis, they may be a source of stone formation.!” The indi- 
cations for intervention for caliceal diverticular stones are the same 
as for any upper tract stones (recurrent urinary tract infections; 
pain thought to be caused by the stone). In highly select patients, 
shock wave lithotripsy can be successful,!* but ureteroscopic and 
percutaneous techniques are considered more definitive.!9?° When 
these techniques are contraindicated or have failed, open surgery 
may be considered. 

Generally, the diverticulum is readily apparent by inspection, 
though intraoperative localization may be required with intraop- 
erative fluoroscopy or ultrasound. Localization can be confirmed 
by aspiration of urine from the diverticulum or by ‘sounding’ the 
calculus using a small gauge needle. 

When the diverticulum is associated with thinning of the over- 
lying parenchyma, an appropriate management method is mar- 
supialization. If the diverticulum is located deep within the renal 
parenchyma, the diverticulum can be identified with the aid of 
intraoperative ultrasound. In such cases, a local wedge resection is 
more appropriate. 

While open caliceal diverticulolithotomy and diverticulectomy 
should be a part of the urologic armamentarium, many patients 
with a contraindication to or failure of less invasive techniques can 
be managed with a laparoscopic approach.?! 


CHAPTER 2.12 OPEN STONE SURGERY FOR KIDNEY STONES 


Anatrophic nephrolithotomy 


Open operative intervention for staghorn calculi was recom- 
mended by the American Urological Association Staghorn Calculi 
Clinical Guidelines Panel in cases where the stone was so exten- 
sive that an unreasonable number of percutaneous (with or with- 
out extracorporeal shock wave lithotripsy (ESWL)) would be 
required to achieve stone-free status. In practice, such cases rep- 
resent complete, fully branched staghorn calculus with multiple 
dumbbell-shaped infundibulocaliceal extensions. Multiple areas of 
true infundibular stenosis would also be a relative indication for 
open operative intervention, since a narrow infundibulum restricts 
access to the renal pelvis. 

In such cases, the most appropriate open operative approach 
is generally anatrophic nephrolithotomy, as initially described by 
Boyce and Smith in 1967.?* The stones are removed through an 
incision that is least traumatic to overall renal function (i.e. an inci- 
sion through a relatively avascular plane in the kidney). The renal 
artery is temporarily occluded during the procedure to provide a 
bloodless field, and the kidney must therefore be protected from 
ischaemia by cooling. 

Our preference is a flank approach with resection of the elev- 
enth or twelfth rib, with medial extension of the incision to the lat- 
eral border of the rectus muscle and reflection of the peritoneum 
medially. The kidney is completely mobilized and the renal pedicle 
isolated (Fig. 2.12.1). The renal artery is surrounded with a vessel 
loop and 12.5 mg of mannitol is given intravenously for renal pro- 
tection. Further dissection of the renal artery is accomplished until 
the anterior and posterior divisional branches are identified. 

As described by Brodel in 190173 and subsequently by Graves 
in 1954,*4 an avascular plane exists between the junction of the 
blood supply to the anterior and posterior segments of the kid- 
ney. At the surface of the kidney, this generally lies on the posterior 
aspect approximately two-thirds of the way from the renal hilum 
to the true lateral border of the kidney (Fig. 2.12.2). When desired, 
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Fig. 2.12.1 Diagram of an anatrophic nephrolithotomy showing slings positioned 
around the renal vessels. 

Reproduced from Jon Reynard et al, Oxford Handbook of Urological Surgery, Figure 6.2.7, 

p. 439, Oxford University Press, Oxford, UK, Copyright © 2008, with permission from Oxford 


University Press. 
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Fig. 2.12.2 Diagram of an anatrophic nephrolithotomy demonstrating Brodel’s 
line—the intersegmental avscular plane. 

Reproduced from Jon Reynard et al, Oxford Handbook of Urological Surgery, Figure 6.2.7, 

p. 439, Oxford University Press, Oxford, UK, Copyright © 2008, with permission from Oxford 
University Press. 


this can be further delineated but is not a requisite for a successful 
‘nephron-sparing’ result.?° 

An additional 12.5 mg of mannitol is given, and the main renal 
artery is then occluded with a vascular clamp. At this point, the 
renal vein may also be occluded to assure a blood-free surgical field. 
The kidney is packed with slush with the aim of obtaining a core 
temperature of 10°C, again as protection from renal ischaemia. 

Once the kidney has reached core temperature, the capsule is 
incised longitudinally between the anterior and posterior segments, 
but extended only to the apical and basilar renal segments. The inci- 
sion through the parenchyma continues in a plane along the line of 
demarcation between the anterior and posterior arterial segments, 
down towards the renal pelvis. The correct plane generally runs just 
anterior to the posterior row of infundibula and calices. 

The stone is identified either by palpation in one of the involved 
posterior infundibula or calicyes, or by direct visualization. Once the 
initial stone-bearing infundibulocalix is open, a longitudinal infun- 
dibulotomy is performed and extended down to the renal pelvis. 
Each involved posterior infundibulocalix is similarly opened longi- 
tudinally as far as necessary to extract any stone and the infundibu- 
lotomy is carried down its anterior aspect towards the renal pelvis. 

Once the pelvic and posterior infundibulocaliceal aspects of the 
stone are identified, the anterior and polar portions are exposed, 
again with sequential longitudinal infundibulotomies. However, 
these are performed on the posterior aspect of the anterior seg- 
mental infundibula, and central aspects of the polar infundibula. 
Again, the infundibulotomies should begin at each infundibulopel- 
vic junction and extend outward towards the calix as far as neces- 
sary to provide adequate exposure for stone removal. 

Eventually, the entire staghorn calculus is exposed and ready for 
removal. Once the bulk of the stone is removed, each infundibulo- 
calix is explored to exclude residual fragments. Occasionally, these 


fragments can be palpated through thin parenchyma, but the infun- 
dibulum leading to the stone cannot be visualized. In such cases, a 
small nephrotomy made over the stone is acceptable. Because an 
optimal result requires removal of all stone fragments, adjunctive 
manoeuvres can be performed, including the taking of intraopera- 
tive images. 

An internal stent is not mandatory and the collecting system 
is reconstructed using an absorbable suture. In areas of signifi- 
cant infundibular stenosis, infundibulorrhaphy is performed by 
suturing the adjacent borders of involved infundibula on their 
mirror image sides, thus converting two or more stenotic infun- 
dibulocaliceal systems into one larger portion of the renal pelvis. 
Alternatively, isolated infundibular stenosis or polar infundibular 
stenosis can be managed with an individual infundibulorrhaphy 
that involves horizontal closure of the initial vertical infundibul- 
otomy in a Heineke-Mikulicz fashion. However, when no infun- 
dibular stenosis is present, separate closure of the collecting system 
may not be necessary.?2 

The renal capsule is approximated with running or interrupted 
absorbable sutures incorporating only a very small portion of renal 
parenchyma. Perirenal fat can be reapproximated over nephrotomy 
incisions, and external drainage is placed near any nephrotomy 
incisions. 


Partial nephrectomy 


Partial nephrectomy is indicated when stone disease is associated 
with a localized area of irreversibly poor renal function (e.g. in the 
setting of chronic obstruction, especially with infection). 


Nephrectomy 


Nephrectomy is indicated for stone disease associated with a non- 
functioning or poorly functioning kidney (determined with a renal 
scintigraphy). Conservative management risks morbidity from 
recurrent urinary tract infection, pyelonephritis, or sepsis.2°°° 


Laparoscopic surgery 


Almost all open stone procedures can be performed laparoscop- 
ically with the advantages of less postoperative pain, reduced hos- 
pitalization, shorter convalescence period, and better cosmetic 
outcomes.*!-33 A recent meta-analysis comparing ESWL, URS, 
and laparoscopic approaches for the management of large proximal 
ureteral stones reported better stone-free rates with laparoscopic 
techniques, but increased postoperative pain and length of stay. 
On this basis, laparoscopic ureterolithotomy currently remains a 
second-line treatment to URS or ESWL.*4 

Extended pyelolithotomy can be performed robotically (see 
Badani et al.'°), but is not a suitable technique for patients with 
complete staghorn calculi. 

Laparoscopic and robotic anatrophic nephrolithotomy have 
also been described with good outcomes. Both of these minim- 
ally invasive techniques are less invasive than the traditional open 
approach.?6-31 


Conclusions 


In the era of endoscopic stone surgery, open surgery is a now- 
adays only rarely required for renal and ureteric calculi. Relative 


indications for this approach are patients with urinary stones asso- 
ciated with anatomical abnormalities or with a high stone bur- 
den. In all cases where open surgery is an option, a laparoscopic 
approach provides a less invasive, less painful, and as effective an 
alternative to open surgery. 
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CHAPTER 2.13 


Medical therapy 
(dissolution therapy) 
Ben Turney and John Reynard 


Introduction to medical therapy of 
stones disease 


Medical therapy of stone disease aims to prevent stones (pre- 
ventive therapy) or dissolve existing stones (dissolution therapy). 
Dissolution therapy aims to dissolve stones through the adminis- 
tration of oral agents or by direct chemolysis through renal irriga- 
tion. Since dissolution therapy may take weeks to achieve an effect, 
it is usually used as an adjunct to endourological treatment. 

Urate stones are most amenable to dissolution therapy. 
Stones containing any calcium have a lower chance of successful 
dissolution. 


Irrigating chemolysis 


Providing stone composition is known, irrigating chemolysis is an 
option for patients with large stone burdens who are unsuitable for 
percutaneous nephrolithotomy (PCNL). In theory, struvite stones 
can be treated with 10% hemiacidrin (pH3.5-4) or Suby’s G solu- 
tion, but there is a potential risk of death from hypermagnesae- 
mia.!? These solutions may also be used to treat residual brushite 
stone fragments. Both uric acid and cystine stones can be treated 
with irrigating solutions of trihydroxymethyl-aminomethan 
(THAM; 0.3 or 0.6 mol/L) with pH 8.5-9.0, though it takes a 
long time (1-4 days) to dissolve stones and oral treatment is pre- 
ferred.>-® The European Association of Urology (EAU) guidelines 
recommend that at least two nephrostomy catheters are used to 
irrigate the collecting system to maintain a low renal pressure and 
to prevent chemolytic fluid draining into the bladder. 


Oral chemolysis 


Oral chemolitholysis can be used to dissolve uric acid stones and 
is based on alkalinization of urine with oral alkaline citrate (e.g. 
potassium citrate 30-60 mEq/day) or sodium bicarbonate (650 mg 
tds or qds). Modifying dose according to self-monitored urine pH, 
aiming to achieve a urinary pH of 7-7.2 throughout the day, opti- 
mizes stone dissolution therapy. 


Preventive medical therapy 


For uric acid stones, adjuncts to prevent recurrent stones include 
treatment with allopurinol (100-600 mg/day) which inhibits con- 
version of hypoxanthine and xanthine to uric acid, maintenance of 


a high fluid intake, and a diet low in animal protein. Allopurinol 
is useful in patients forming stones (both uric acid and calcium 
oxalate) if the uric acid excretion in urine is >4 mmol/day or if the 
patient has hyperuricaemia (>380 pmol).? 

Medical therapy has a very significant preventive role in cystinu- 
ric patients. Most cystinuric patients excrete about 1g of cystine per 
day, which is well above the solubility of cystine. Cystine solubility 
in acid solutions is low (300 mg/l at pH 5,400 mg/l at pH 7). 

The aim of treatment is to: 


(a) dilute the urine through maintaining a high fluid intake; 


(b) reduce cystine excretion through dietary restriction of the cyst- 
ine precursor amino acid methionine; 


(c) reduce sodium intake to <100 mg/day); 


(d) increase the solubility of cystine by alkalinization of the urine 
(>pH 7.5); 


(e) use drugs which bind cystine to form a more soluble compound. 
Cystine binding drugs include D-penicillamine, N-acetyl-d- 
penicillamine, and mercaptopropionylglycine (Tiopronin) and 
captopril. All have higher solubility than the relatively insoluble 
cystine-cystine dimers. The unpleasant and potentially serious 
side effects of D-penicillamine limit its use (allergic reactions, 
nephrotic syndrome, pancytopenia, proteinuria, epidermoly- 
sis, thrombocytosis, hypogeusia). It is reserved for cases where 
alkalinization therapy and high fluid intake fail to dissolve the 
stones. 
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CHAPTER 2.14 


Ureteric stones 
Presentation and diagnosis 


Ben Turney and John Reynard 


Presentation 

Ureteric stones may present in a variety of ways: 

¢ Loin pain 

+ Strangury (a constant, strong desire to pass urine) 
+ Haematuria (rare) 


+ Incidentally (asymptomatic) (very rare) 


Loin pain 

Ureteric stones classically present with sudden onset, severe 
loin pain with or without radiation to the groin, testis, or labia 
majora. Some 50% of patients presenting with loin pain thought 
(by their attending doctors) to be indicative of a ureteric stone 
do not have any evidence of urolithiasis, or indeed of any other 
urological pathology of unenhanced computed tomography (CT) 
scanning.! The range of differential diagnoses is huge. A care- 
fully taken history and examination may identify other prob- 
able causes of pain. As a general rule, inflammatory abdominal 
pathology causing peritoneal irritation or peritonitis (e.g. appen- 
dicitis, viscus perforation) causes constant pain exacerbated 
by movement—the patient lies still—whereas the patient with 
ureteric colic usually writhes around in agony—they cannot ‘get 
comfortable. 


Strangury 


The urgent desire to pass urine, combined with increased urinary 
frequency and the passage of small voided volumes of urine is sug- 
gestive of a vesicoureteric junction stone. 


Haematuria 


Haematuria as a presenting symptom of a ureteric stone is rare. 


Incidentally (asymptomatic) diagnosed 
ureteric stones 


Of 5,047 consecutive adults undergoing routine CT colonography 
screening, six patients had asymptomatic ureteric stones (four with 
hydronephrosis implying renal obstruction), giving a prevalence of 
0.12%.? 


Examination and non-radiological 
diagnostic tests in the patient 
with suspected ureteric colic 


Abdominal examination 


This is used more to exclude a diagnosis of a ureteric stone. The 
identification of abdominal tenderness and guarding argue against 
a diagnosis of a ureteric stone, by virtue of the fact that ureteric 
stones do not cause peritoneal inflammation. 


Temperature 


The most important aspect of examination in a patient with a 
ureteric stone confirmed on imaging is to measure their tempera- 
ture. If the patient has a stone and a fever, they may have an infec- 
tion proximal to the stone. A fever in the presence of an obstructing 
stone is an indication for urine and blood culture, intravenous flu- 
ids and antibiotics; nephrostomy drainage or J stent insertion may 
be indicated if the fever does not resolve within a matter of hours. 


Pregnancy test 


A pregnancy test is mandatory in any premenopausal woman 
presenting with loin pain suggestive of a ureteric stone; firstly to 
exclude an ectopic pregnancy as the cause of the pain, and secondly 
to allow diagnostic imaging (unenhanced CT) to be done without 
fear of exposing a pregnant woman to ionizing radiation. 


Dipstick or microscopic haematuria 


As a diagnostic test, many patients with ureteric stones have dip- 
stick or microscopic haematuria, but 10-30% do not.3* The sen- 
sitivity of dipstick haematuria for detecting acutely presenting 
ureteric stones is ~95% on the first day of pain, 85% on the second 
day, and 65% on the third and fourth days.* Therefore, roughly one- 
third of patients with a ureteric stone whose pain started three to 
four days previously may not have blood detectable in their urine. 
Dipstick testing is slightly more sensitive than urine microscopy for 
detecting stones (80% vs. 70%) because blood cells lyse, and there- 
fore disappear, if the urine specimen is not examined under the 
microscope within a few hours. Both ways of detecting haematuria 
have roughly the same specificity for diagnosing ureteric stones 
(~60%). 


Bear in mind that blood in the urine on dipstick testing or 
microscopy may be a coincidental finding from serious, non-stone 
urological disease (e.g. neoplasm). Conversely, since no abnormal- 
ity is found in ~70% of patients with microscopic haematuria, and 
despite full urological investigation, the presence of stones does not 
mean the haematuria is due to the stones. 


Radiological diagnostic tests in the patient 
with suspected ureteric colic 


Plain abdominal (KUB—‘kidneys, ureter, bladder’) 
radiography 

This has a sensitivity for detecting ureteric stones of 44-77% (so it 
‘misses’ 23-56% of ureteric stones) and a specificity of 80-87%.° 


Unenhanced CT-KUB in the diagnosis of a suspected 
ureteric stone 


This is nowadays the imaging modality of choice in the acute pres- 
entation with loin pain.®° It has greater specificity (92-100%) and 
sensitivity (94-100%) for diagnosing ureteric stones?! than any 
other imaging test and it has the added advantage of being able to 
identify non-stone causes of flank pain, of not requiring contrast 
administration (so avoiding the chance of a contrast reaction). 
Additionally, it is faster than intravenous urogram (IVU), espe- 
cially where delayed films are required to identify a stone causing 
high-grade obstruction, with such delayed films taking hours to 
identify the precise location of the obstructing stone. In high CT- 
volume hospitals, costs are equivalent to those of the IVU.!! 

The radiation dose from a CT-KUB is approximately 4.7 mSv 
compared to 1.5 mSv for an IVU.!? 


Magnetic resonance urography 


This is an accurate imaging test for identifying ureteric stones.!3 
However, at the present time, cost, restricted availability and lim- 
ited experience in interpretation of the images by radiologists and 
urologists limit its usefulness as a routine diagnostic method of 
imaging in cases of acute flank pain. 


Further reading 


BAUS Guidelines 2012. BAUS Section of Endourology. Guidelines for 
acute management of first presentation of renal/ureteric lithiasis, 
2012. Available at: http://www.baus.org.uk/_userfiles/pages/files/ 
Publications/RevisedAcuteStoneMgtGuidelines.pdf [Accessed 21 
January 2013] [Online]. 

Heldt JP, Smith JC, Anderson KM, et al. Ureteral calculi detection using 
low dose computerized tomography protocols is compromised in 
overweight and underweight patients. J Urol 2012; 188:124-9. 

Jellison FC, Smith JC, Heldt JP, et al. Effect of low dose radiation 
computerized tomography protocols on distal ureteral calculus 
detection. J Urol 2009; 182:2762-7. 
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Smith RC, Coll DM. Helical computed tomography in the diagnosis of 
ureteric colic. BJU Int 2000; 86(Suppl 1):33-41. 

Smith RC, Rosenfield AT, Choe KA, et al. Acute flank pain: comparison 
of non-contrast-enhanced CT and intravenous urography. Radiology 
1995; 194:789-94. 

Smith RC, Verga M, McCarthy S, Rosenfield AT. Diagnosis of acute flank 
pain: value of unenhanced helical CT. Am J Roentgen 1996; 166:97-101. 
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CHAPTER 2.15 


Ureteric stones 
Acute management 


Samarpit Rai, Ghalib Jibara, Zachariah G. Goldsmith, 
Michael E. Lipkin, and Glenn M. Preminger 


Introduction to ureteric stones 


Ureteral stones are believed to result in increased amplitude of 
ureteral muscle contraction, decreased frequency of contrac- 
tions, and an increased ureteral pressure proximal to the stone.!~? 
Relaxation of the ureter in the region of obstruction is thought 
to lead to improvement of symptoms and facilitate stone passage. 
Stone size and location are the main factors in determining the 
likelihood of stone passage.* The majority of the small stones (less 
than 5 mm in size) pass spontaneously without the need for inter- 
vention.* Of those that do pass, 95% will pass within six weeks. 
The 2007 joint European Association of Urology and the American 
Urological Association Guideline Panel for the Management of 
Ureteral Calculi conducted a meta-analysis of spontaneous passage 
rates stratified by size.6 Stones less than 5 mm (224 patients) were 
found to have a 68% spontaneous passage rate. Stones 5-10 mm 
(104 patients) demonstrated a 47% spontaneous passage rate. 

In this context, the main goals of acute care for a patient pre- 
senting with renal colic include symptomatic pain control, facilitat- 
ing stone passage, and evaluation of the need for urgent urologic 
intervention. The criteria requiring urgent intervention—including 
urosepsis, acute renal failure or anuria, unyielding pain, or vom- 
iting—are reviewed in detail in Chapter 2.17. Most patients may 
be managed conservatively with pain medication and mainten- 
ance intravenous hydration. However, as compared to basal rates of 
hydration, additional fluid bolus of 2 L was demonstrated to result 
in equivalent rates of spontaneous stone passage and requirement 
for pain medication, in a small randomized trial.” Patients should 
be instructed to strain their urine at home for several days and 
bring in any stone that passes for analysis. 

According to the EAU/AUA Guidelines for the management of 
ureteral calculi, observation with periodic evaluation is an option 
for the initial treatment of a patient that has a newly diagnosed 
ureteral stone less than 10 mm in size, and medical therapy to 
facilitate stone passage may be offered as appropriate during the 
observation period.®® Stones greater than 10 mm in size may be 
observed or treated with medical expulsive therapy (MET), but in 
most cases, such stones will require surgical treatment. 


Pharmacologic therapy 


Several pharmacological therapies have been evaluated to reduce 
pain during symptomatic stone events (primarily anti-inflammatory 


and narcotic agents) and to facilitate stone passage as a part of MET 
(primarily alpha blockers). The pharmacology and clinical evi- 
dence supporting the use of each modality is reviewed in detail. 


Non-steroidal anti-inflammatory 
pain control 


Non-steroidal anti-inflammatory drugs (NSAIDs) are a major class 
of drugs used for symptomatic relief in the acute management of 
ureteral stones. The non-steroidal cyclooxygenase (COX) inhibitors 
are inhibitors of prostaglandin synthesis. Prostaglandin signalling 
has been shown to mediate ureteral contraction in animal models 
(e.g. Sprague-Dawley rats’). Both selective COX-2 inhibitors (e.g. 
diclofenac) and non-selective inhibitors (e.g. ketorolac) have been 
shown to decrease contractility or tone of porcine, as well as human 
ureteral segments in vitro.10-14 

In an early randomized, prospective, double-blind trial of 131 
patients with acute renal colic, the analgesic effect of diclofenac 
sodium (75 mg intramuscular) was compared to a placebo. A 
higher percentage of patients reported complete pain relief in 
the diclofenac group (59%) compared with the placebo (29%, 
p <0.01).1> The onset of pain relief was 25 minutes following injec- 
tion, and no adverse effects were noted. Another randomized, pro- 
spective, double-blind study of 47 patients with acute renal colic 
compared the analgesic effect of indomethacin (50 mg intravenous) 
to placebo.!6 With this agent as well, a significantly higher propor- 
tion of complete pain relief was reported with the NSAID (78% vs. 
30%). The efficacy of NSAIDs for treatment of acute renal colic has 
been evaluated in a meta-analysis which included a total of 19 ran- 
domized comparison articles.!7 Among the studies that compared 
NSAIDs to a placebo, significantly increased rates of total pain 
relief were observed with NSAIDs (RR: 2.34, 95% CI: 1.79-3.07). 

An additional body of work has focused on the comparison 
of different NSAID agents for pain treatment caused by ureteral 
stones. In a double-blind prospective trial of 57 patients with acute 
renal colic, patients were randomized to receive ketorolac (30 mg 
IV) or diclofenac (75 mg IM).!® There were no significant differ- 
ences in patient-reported pain scales at 0, 1, 2, and 6 hours after 
drug administration. In addition, the number of patients requiring 
rescue analgesia was equivalent in both treatment groups. 

The efficacy of NSAIDs has also been compared to other anal- 
gesics, most commonly narcotic agents.!°-2 The results of 16 


randomized trials comparing NSAIDs to other analgesic agents 
were evaluated in a meta-analysis. Similar rates of partial pain relief 
(RR: 1.07, 95% CI: 1.02-1.12) and complete pain relief (RR: 1.19, 
95% CI: 1.03-1.37) were observed between the groups. The authors 
concluded that NSAIDs are equally effective in treatment of pain 
from acute renal colic, as compared to alternative analgesics. 

Given the positive efficacy demonstrated with intravenous 
NSAID agents, there is an interest in identifying effective oral 
agents, which could be administered in an outpatient setting for 
the management of pain from ureteral stones. In a prospective ran- 
domized trial of 53 patients, the efficacy of oral COX-2 inhibitor 
celecoxib (400 mg followed by 200 mg every 12 hours for 10 days) 
was compared to a placebo.?? Notably, no improvements in pain 
analogue scale, narcotic use, or spontaneous passage rates were 
observed in this comparison. An additional trial randomized 110 
patients to oral rofecoxib (50 mg, single dose), diclofenac (50 mg 
every eight hours), or placebo.?3 No differences in pain reports or 
narcotic use were observed between the groups. 

Taken together, the safety and efficacy of intravenous NSAIDs 
for pain management in acute renal colic caused by ureteral stones 
is supported by level 1a evidence. Despite the advantages of oral 
administration, including the ease of self-administration of mul- 
tiple doses over time in an outpatient setting, no improvements 
compared to placebo have been observed with two small rand- 
omized trials. As NSAIDs are metabolized by the kidney, care must 
be taken to insure adequate renal function and proper hydration 
prior to prescribing. 


Narcotic pain control 


Narcotic analgesics are commonly used in the management of pain 
during acute renal colic. Interestingly, detailed studies characteriz- 
ing the expression profiles of opioid receptors in the ureter are lack- 
ing. In addition, to our knowledge, there are no trials comparing 
the analgesic effects of narcotics to placebo. Most investigators have 
focused on the analgesic effects of narcotics compared or combined 
with non-narcotic agents, especially NSAIDs. 

A randomized, double-blind trial of 51 patients with renal colic 
compared morphine (5 mg IV loading dose and two additional 2.5 
mg doses) to indomethacin rectal suppository (100 mg).?° Self- 
reported pain scores were significantly lower in the indomethacin 
group at the 10 minute timepoint (p = 0.02). However, there was 
no significant difference in pain relief between the two groups at 
20 minutes or 30 minutes. An additional randomized, double-blind 
trial of 106 patients with renal colic compared the effects ketorolac 
(60 mg IV), meperidine (50 mg IV), and combined ketorolac plus 
meperidine.!° Fifty per cent (50%) reduction in pain scores were 
observed in 75% of the ketorolac group and 74% of the combination 
group, compared with 23% of the meperidine group (p <0.001). 

An additional trial focused on the efficacy of combining nar- 
cotic with NSAID analgesia. In this prospective, randomized, dou- 
ble-blind trial, 130 patients with acute renal colic received either 
morphine (5 mg IV), ketorolac (15 mg IM), or a combination of 
both.?! Pain scores were assessed at 0 minutes and 40 minutes 
after administration. The magnitude of pain reduction was sig- 
nificantly greater in the patients receiving combination treatment 
compared with monotherapy using morphine or ketorolac alone 
(p <0.003). In addition, patients with combination therapy were 
less likely to require additional rescue morphine doses compared 
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to the morphine monotherapy group (OR: 0.2, 95% CI: 0.1-0.7, p 
= 0.007). 

Major adverse effects of narcotics include nausea, vomiting, 
pruritus, and dizziness. The prevalence of these adverse effects in 
the treatment of acute renal colic was well characterized by a meta- 
analysis of 20 trials including 1,613 patients treated with narcotics 
or NSAIDs.”? A trend towards increased prevalence of these events 
was noted in patients treated with narcotics vs. NSAIDs. In particu- 
lar, rates of emesis were significantly lower in patients treated with 
NSAIDs compared to narcotics (OR: 0.35, 95% CI: 0.23-0.53). In 
addition, the long-term impact of repeat administration of narcot- 
ics during acute renal colic on opioid dependency for patients with 
recurrent nephrolithiasis has yet to be fully characterized. 


Medical expulsive therapy 
Alpha blockers 


Alpha blockers constitute the main category of drugs that are used 
in MET to facilitate spontaneous stone passage in the setting of an 
acute stone event. Alpha-stimulatory and beta-inhibitory adren- 
ergic receptors have been well characterized in the ureter.?4-28 
Alpha-1 antagonists have been shown to inhibit ureteral contract- 
ility in porcine models, both in vivo and ex vivo. It is believed that 
reduction in sympathetic tone may facilitate organized ureteral 
peristalsis, and facilitate stone passage. 

The efficacy of alpha blockers in facilitating stone passage was 
first reported in a study of 104 patients with distal ureteral stones 
<10 mm.” Patients were randomized to treatment with 0.4 mg 
tamsulosin daily, versus standard care which did not include tam- 
sulosin. Although statistical analysis was lacking, patients receiving 
tamsulosin appeared to have a higher stone expulsion rate com- 
pared to control (80.4% vs. 62.8%). Autorino and colleagues con- 
ducted a prospective, randomized study in which 64 patients with 
ureteral calculi were randomized to receive the group’s standard 
treatment (diclofenac with the vasoactive agent aescin) or standard 
treatment with the addition of tamsulosin 4 mg daily.*° The rate of 
stone expulsion was significantly higher in the group of patients 
receiving tamsulosin as compared to the control (88% vs. 60%, 
p = 0.01). In addition, the mean time required for stone expulsion 
was 4.8 days in the tamsulosin group, significantly lower than the 
mean time in the control group, 7.4 days (p = 0.005). Additionally, 
the patients receiving the treatment with tamsulosin had a signifi- 
cantly lower incidence of analgesic use (p = 0.003) and a signifi- 
cantly lower hospitalization rate for recurrent colic (p = 0.01), as 
reported by the same authors in a subsequent randomized study. 

In another randomized, double-blind, placebo-controlled study, 
the authors evaluated the efficacy of alfuzosin in facilitating stone 
passage, and found that in a population of 69 patients, the mean 
time before spontaneous passage of the stone was significantly 
lower in patients receiving alfuzosin (5.2 days) as compared to 
patients receiving placebo (8.5 days).3! In addition, patients receiv- 
ing alfuzosin had a greater decrease in pain scores measured during 
follow-up, after the initial presentation to the emergency room.*? 
Interestingly, the difference in overall rate of spontaneous stone 
passage among both groups was shown to be equivalent (73.5% for 
alfuzosin and 77.1% for placebo, p = 0.83). 

In a meta-analysis incorporating 11 trials including 911 patients, 
alpha blocker therapy was shown to increase the rate of stone 
expulsion by 44% as compared to conservative therapy (RR = 1.44, 
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95% CI 1.31-1.59, p <0.001).*3 In another meta-analysis of nine 
trials and 693 patients, a pooled analysis of four studies using alpha 
blockers showed a significantly greater likelihood of stone pas- 
sage compared to control, with a reported risk ratio of 1.54 (95% 
CI 1.29-1.85, p <0.0001).34 Yet another meta-analysis with 29 tri- 
als and 2,419 patients reported on the use of alpha blocker ther- 
apy to facilitate stone expulsion. Pooled analysis demonstrated an 
increased rate of stone expulsion with alpha blocker therapy as 
compared to control (RR = 1.45, 95% CI 1.34-1.57).35 Despite the 
concordance in findings among these thee independent analyses, 
most studies included were small, single-institution, non-blinded 
studies. 

Clinical trials have also compared the efficacy of different formu- 
lations of alpha blockers used in MET. A prospective, randomized 
trial compared the efficacy of terazosin, tamsulosin, and doxazosin 
in facilitating stone passage.*° A total of 114 patients were divided 
into four groups and randomized to the control group or to receive 
one of the three alpha blockers. There was no significant difference 
found between the time required for stone expulsion when compar- 
ing tamsulosin and terazosin (p = 0.568), tamsulosin and doxazosin 
(p = 0.612), or terazosin and doxazosin (p = 0.756), confirming the 
similar efficacy of all three agents in MET. 

The use of alpha blockers for the treatment of ureteral stones 
up to 10 mm in size is supported by increased rates of stones pas- 
sage, relative safety, and reduction in pain, as supported by level 1a 
evidence. Although there is sufficient evidence to support the use 
of alpha blockers, many of these studies are small, single-centre, 
and are underpowered. Furthermore, a recent multi-center rand- 
omized, placebo-controlled trial failed to show benefits of MET in 
patients with ureteral stones.*” Urologists should be aware of this 
potential off-label use for alpha blockers, depending on their regu- 
latory status, and counsel patients appropriately. 


Other classes of drugs 


Calcium channel blockers 


The critical role of calcium influx in mediating muscle contraction 
is well established. Calcium channel blockers have been used in 
studying ureteral physiology. Nifedipine treatment has been shown 
to reduce contractility of human ureteral explants exposed to dif- 
ferent chemical stimulants.*® More recently, in a series of experi- 
ments using porcine ureteral explants, it has been demonstrated 
that the inhibitory effect of nifedipine is more potent than that 
obtained with tamsulosin.*? Intraluminal application of verapramil 
has been shown to induce proximal ureteral dilation in porcine 
ureters in vivo. 

The efficacy of nifedipine in mediating stone passage has been 
studied in a number of randomized trials. Patients with ureteral 
stones less than or equal to 15 mm in size were randomized to 
either receive 16 mg methylprednisolone plus nifedipine or a pla- 
cebo plus methylprednisolone.*! Patients receiving nifedipine had 
a significantly higher stone passage rate as compared to placebo, 
87% vs. 65% (p = 0.021). Additionally, the mean time before stone 
expulsion was 11.2 days in patients receiving nifedipine, signifi- 
cantly less than the placebo group at 16.4 days (p = 0.036). Ina 
meta-analysis of nine studies and 686 patients, pooled data ana- 
lysis showed a 49% increase in the likelihood of stone expulsion 
with the use of nifedipine as compared to control (risk ratio 1.49, 
95% CI: 1.33-1.66).47 Additionally, six of the nine studies reported 


a decreased average time (between 2.7 and 12 days) required for 
stone expulsion in patients treated with nifedipine. 

A prospective, randomized, controlled trial with 3,189 patients 
comparing the efficacy of an alpha blocker (tamsulosin) and nifedi- 
pine in MET for distal ureteral stones in patients with renal colic 
reported that the spontaneous stone expulsion rate was signifi- 
cantly higher in patients receiving tamsulosin, as compared to 
patients who received nifedipine, 95.86% vs. 73.51% (p <0.01).%8 
Additionally, the patients receiving tamsulosin had a significantly 
lower average time required for stone passage as compared to those 
treated with nifedipine, 78.35 hours vs. 137.93 hours (p <0.01). 
Also, the number of patients receiving tamsulosin required signifi- 
cantly less pain relief therapy than those on nifedipine, 1.53% vs. 
4.84% (p <0.01). 

The use of calcium channel blockers as part of MET is well estab- 
lished and supported by level 1a evidence. However, alpha blockers 
have been shown to be more effective than calcium channel block- 
ers in terms of higher rates of stone expulsion, less time required 
for stone expulsion, and lesser requirement for rescue analgesia, as 
supported by level 1 evidence. 


Corticosteroids 


The transcriptional activity of multiple genes coding for pro- 
inflammatory proteins such as COX-2 and phospholipase A2 are 
inhibited by corticosteroids.44-4 Given this mechanism, hydro- 
cortisone has been shown to decrease the contractility of porcine 
ureteral segments in vitro. 

A number of clinical trials evaluating MET for ureteral colic have 
included the use of corticosteroids as adjuncts to alpha blockers or 
calcium channel inhibitors. In a prospective clinical study including 
114 patients,“ the authors evaluated the efficacy of using corticos- 
teroids as an adjunct therapy with alpha blockers as compared with 
each agent given alone and a control group receiving only analge- 
sics. The group receiving tamsulosin (0.4 mg daily) and deflaza- 
cort (30 mg daily) had a significantly higher rate of stone expulsion 
(84.8%) compared to tamsulosin monotherapy (60%), deflazacort 
monotherapy (37.5%), and control (33.3%), with a p value of less 
than 0.001. Dellabella and colleagues evaluated the additional bene- 
fit of corticosteroids given with alpha blockers as part of MET in a 
randomized, prospective study.4® Sixty patients were randomized 
to either receive tamsulosin alone (0.4 mg daily) or deflazacort (30 
mg daily) plus tamsulosin. The stone expulsion rate was similar in 
both groups, 90% vs. 96.7%, respectively (p = 0.612). However, the 
patients receiving corticosteroids as adjunct therapy had a signifi- 
cantly lesser mean time required for stone expulsion as compared 
to the patients receiving tamsulosin alone, 103.3 hours vs. 139.2 
hours (p = 0.036). Additionally, two patients in the group receiving 
corticosteroids were reported to have experienced a high degree of 
dyspepsia. 

Taken together, although corticosteroids have been included as 
adjuncts in multiple MET trials, their exact role in medical man- 
agement for ureteral stones has yet to be fully defined. 


Conclusions 


Renal colic due to ureteral stones is a common cause of presenta- 
tion at the emergency department. The main goals for the man- 
agement of renal colic in the acute setting includes symptomatic 
relief, pain control, facilitating stone passage, and evaluation of 


the patient for the requirement of urgent urologic intervention. 
According to the AUA/EAU guidelines, observation with periodic 
evaluation is an option for the initial treatment of a newly diag- 
nosed ureteral stone less than 10 mm in size, with the use of MET 
to facilitate stone passage as and when deemed appropriate by the 
physician. Stones greater than 10 mm in size may also be managed 
conservatively or treated with MET, but in most cases they require 
surgical intervention. 

NSAIDs and narcotics are the mainstay of treatment for anal- 
gesic relief in the treatment of acute renal colic. The use of both 
classes of drugs has been evaluated comprehensively and is sup- 
ported by multiple meta-analyses (level 1a evidence). For MET, the 
main class of drugs used is the alpha blockers. Multiple randomized 
controlled trials and meta-analyses have established the efficacy 
of alpha blockers in facilitating stone passage in acute renal colic. 
Other classes of drugs, such as calcium channel blockers (nifedi- 
pine) have also been proven to be effective in MET, but evidence 
suggests that alpha blockers such as tamsulosin are more effective 
than calcium channel blockers in MET. 
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CHAPTER 2.16 


Ureteric stones 
Indications for intervention 


Charles D. Scales 


Indications for intervention 


Indications to relieve obstruction or remove a ureteral stone 
broadly fall into two categories: acute indications, typically requir- 
ing immediate intervention, and subacute indications, where inter- 
ventions may be performed on a more elective basis. 


Acute indications 


Patients with a ureteral stone and signs or symptoms of an 
obstructed, infected upper urinary tract should undergo imme- 
diate (within hours, allowing for the time required to access the 
operating theatre or interventional radiology suite) intervention to 
relieve the obstruction (by JJ stent or nephrostomy). While thresh- 
olds for intervention may vary, typically patients with a white blood 
cell count above 15,000 per microlitre, or a fever >38.5°C, should 
undergo immediate intervention.! Failure to intervene promptly 
can result in life-threatening sepsis. Following culture of urine 
and blood specimens, broad spectrum antibiotics should be initi- 
ated to cover appropriate genitourinary organisms. After drainage, 
patients with suspected obstructed pyelonephritis should be moni- 
tored and continue to receive empiric antibiotic therapy. Cultures 
of urine proximal to the stone should be obtained at the time of 
drainage, and these results may be used to tailor antibiotic ther- 
apy. Urine obtained from the bladder should also be cultured, but 
often the offending organism is only identified in urine proximal 
to the stone. 

Patients with a solitary kidney should also undergo immediate 
(within hours) intervention, particularly if they are anuric, signal- 
ling a completely obstructed renal unit. Even in those patients who 
do not have evidence of complete obstruction, immediate drainage 
should be strongly considered. When patients possess two func- 
tioning kidneys, the urgency for intervention is typically lower. In 
this situation, measurement of the patient’s renal function using 
serum creatinine should drive decision-making. When consider- 
ing impaired renal function as an indication for intervention, com- 
parison to the baseline serum creatinine may be helpful. Given 
that nausea, vomiting, and decreased oral intake frequently occur 
in patients with obstructing ureteral stones, dehydration can be 
another cause for mild deterioration in renal function. In this case, 
renal function typically responds rapidly to gentle fluid resuscita- 
tion. When a patient’s renal function does not promptly respond 
to rehydration, drainage of the affected renal unit should occur 
urgently in order to avoid permanent damage to the kidney. 


Finally, uncontrolled pain can be considered an acute, rela- 
tive indication for drainage. Non-steroidal anti-inflammatory 
drugs (NSAIDs), are very effective in relieving pain from ureteral 
obstruction. NSAIDs inhibit the release of prostaglandins, and 
therefore can decrease ureteral contraction and renal pressure.” 
Opioid analgesics are excellent adjunctive medications for symp- 
tom management, or as monotherapy in those patients who are 
unable to tolerate or have contraindications to NSAIDs. Emerging 
evidence also suggests that alpha blockers used for medical expul- 
sive therapy may also decrease pain through inhibition of ureteral 
contraction.? However, in some patients pharmacologic therapy 
will fail to control symptoms of pain, and therefore intervention 
is indicated. Patients should be cautioned about discomfort due 
to nephrostomy tubes and/or ureteral stents following placement; 
alternatively, in the absence of infection, it may be most effective to 
simply fragment and/or remove the obstructing stone, and poten- 
tially decrease the number of required procedures for the patient. 


Subacute indications 


Patients with no signs of infection, normal renal function, and 
well-controlled pain are eligible for a trial of observation and 
spontaneous stone passage, potentially assisted by medical expul- 
sive therapy, according to AUA/ES guidelines. Randomized con- 
trolled trials suggest that alpha blockers can dramatically increase 
the probability of passage for distal ureteral calculi <10 mm in size. 
Patients should be counselled that this is an ‘off-label’ use of these 
medications. In patients electing observation, periodic monitoring 
of hydronephrosis, renal function, and patient symptoms should 
occur. After four to six weeks, if a stone has not passed, then inter- 
vention to remove the stone is reasonable. In addition, ureteral 
stones >10 mm in size are very unlikely to pass spontaneously, and 
therefore these patients should be considered for fragmentation 
and removal of the stone on an elective basis, unless signs of urin- 
ary infection are present. 


Interventions for urinary drainage 

Options for renal drainage include percutaneous nephrostomy 
tube and internal ureteral stent. Percutaneous drainage is typic- 
ally accomplished by placement of an 8- or 10-French (Fr) pigtail 
catheter through the flank into the renal pelvis. Ultrasound and/ 
or fluoroscopic guidance is typically used during the procedure to 
localize the renal pelvis, avoid surrounding structures, and con- 
firm appropriate position of the nephrostomy tube. If infection is 
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suspected, then culture of the urine obtained from the renal pel- 
vis should be performed. Risks of the procedure include infection, 
bleeding, and injury to adjacent structures (such as the colon), 
although these complications are typically rare. In septic patients, 
an acute exacerbation of their condition can occur following instru- 
mentation of the renal system—a risk that applies to both percutan- 
eous nephrostomy and retrograde ureteral stent placement. 

A retrograde ureteral stent is usually placed endoscopic- 
ally. A guidewire is advanced through the ureter, proximal to 
the obstructing stone, and then an open-ended ureteral cath- 
eter advanced over the wire to obtain urine for culture. The wire 
is replaced through the ureteral catheter, and the indwelling stent 
placed over the wire. Performance of a retrograde pyelogram, par- 
ticularly in the patient with suspected infection or sepsis, is contro- 
versial. Many surgeons elect not to perform a retrograde pyelogram 
when infection is suspected, so as not to increase intrarenal pres- 
sure and potentially force bacteria or endotoxins into the blood 
stream through pyelovenous backflow. If a retrograde pyelogram 
is required in the potentially septic patient, it should be performed 
with gentle pressure and the minimum amount of contrast neces- 
sary to confirm location of the ureteral stent. Risks of retrograde 
ureteral stent placement include injury to the urethra, bladder or 
ureter, infection, and bleeding. As with percutaneous nephros- 
tomy placement, instrumentation of the upper urinary tract in the 
infected or septic patient can result in an acute haemodynamic 
deterioration, so anaesthesiologists and surgeons should be alert 
for signs of decompensation. 

The results of two randomized controlled trials suggest that little 
difference exists in the efficacy of percutaneous nephrostomy tubes 
or ureteral stents for achieving urinary drainage.*® In one study, 
patients with nephrostomy tubes had a greater requirement for 
narcotic analgesia following placement, although the cost of retro- 
grade ureteral stent placement was higher.” The results of these two 
studies suggest that choice of intervention for a single obstructing 
ureteral stone should be tailored according to the patient’s clinical 
condition, preferences, and local practice. 


Interventions for stone removal 


Two primary interventions to remove ureteral stones exist, both 
of which are covered in detail elsewhere in this textbook (See 
Chapter 2.17). Briefly, retrograde ureteroscopy (potentially with 
laser lithotripsy) and shock wave lithotripsy both are considered 
first-line options for removing ureteral calculi, according to AUA/ 
EAU guidelines for ureteral stone management.’ The guidelines 
panel meta-analysis suggests that stone-free rates following ure- 
teroscopy are generally higher than for shock wave lithotripsy, 
depending on stone size and location. For example, the stone-free 
rate for distal ureteral stones is 94% for ureteroscopy, as compared 
with 74% following shock wave lithotripsy monotherapy.’ Stone- 
free rates for mid-ureteral stones are more comparable, at 86% for 
ureteroscopy as compared to 73% for shock wave lithotripsy.” For 
proximal ureteral calculi, ureteroscopy, and shock wave lithotripsy 
stone-free rates are very comparable, at just over 80%.” However, 
shock wave lithotripsy (non-invasive) may be preferred by patients 
over a minimally invasive approach. In addition, ureteral injury 
and stricture rates (based on historical data) appear to be higher 
following ureteroscopy. It is unclear if recent advances in uretero- 
scopic technology have reduced these risks. 


Potential complications from both procedures include infection 
(urinary tract infection and/or sepsis), bleeding, and steinstrasse. 
Ureteral stricture and ureteral injury are also possible following 
either procedure, although seem to be more common following 
ureteroscopy than shock wave lithotripsy. According to AUA/EAU 
guidelines, routine ureteral stent placement is not indicated prior 
to shock wave lithotripsy. Moreover, randomized controlled trials 
suggest that there is little benefit to routine stenting after uncompli- 
cated ureteroscopic cases. Placement of a ureteral stent does have 
risks and can negatively impact quality of life in the postoperative 
period. Patients with ureteral stents frequently experience irritative 
urinary tract symptoms, and are at risk for urinary tract infection, 
stent encrustation, and a retained ureteral stent, if the patient fails 
to come back for stent removal. Ureteral injury, stricture, solitary 
kidney, renal failure, and residual stone burden are considered indi- 
cations for ureteral stent placement following ureteroscopy.” 


Summary 


Important indications exist for immediate or urgent intervention 
to assure urinary drainage or to remove obstructing ureteral cal- 
culi. In the case of infection, the consequences of failure to relieve 
the obstructed ureter can include severe sepsis and death. For both 
emergent and urgent indications for urinary drainage, a ureteral 
stent or percutaneous nephrostomy tube may be considered first- 
line options. For those patients that require intervention to frag- 
ment and remove a ureteral stone, ureteroscopy, and shock wave 
lithotripsy are acceptable options. Appropriate application of these 
techniques will minimize adverse consequences and maximize 
quality of life in patients with obstructing ureteral stones. 
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CHAPTER 2.17 


Surgical treatment options 


for ureteric stones 
Techniques and complications 


Zachariah G. Goldsmith, Ghalib Jibara, 
Michael E. Lipkin, and Glenn M. Preminger 


Shock wave lithotripsy 


Since the first patient was successfully treated with shock wave 
lithotripsy (SWL) in 1980, its rapid acceptance and widespread 
use have made this form of stone therapy a treatment of choice for 
many patients undergoing intervention for renal and ureteral cal- 
culi. Although the basic principles of SWL remain unchanged, a 
myriad of technological advances and modifications in currently 
available lithotripters has significantly expanded the clinical appli- 
cations of lithotripsy. Following the initial success of the first gen- 
eration lithotripter (Dornier HM3), more than 20 different models 
of second generation lithotripters (utilizing various energy sources, 
focusing schemes, coupling media, and stone localization tech- 
niques)!~? and third generation lithotripters (characterized by their 
dual imaging and variable power capabilities),>-° have also been 
developed. These advances in lithotripsy technologies have gener- 
ally led to improved safety, and in some cases, the cost-efficiency, of 
urolithiasis treatment. 

All lithotripters share four main features: an energy source; 
a focusing device; a coupling medium; and a stone localization 
system. The objectives for using different types of energy sources 
include: maximum efficacy (the overall stone-free rate) and max- 
imum efficiency (cost-effectiveness including need for secondary 
treatments). The two basic types of energy sources for generating 
shock waves are point sources (electrohydraulic) and extended 
sources (including piezoelectric and electromagnetic). Shock waves 
must be focused in order to concentrate their energy on a target 
calculus, and the the type of shock wave generation dictates the 
method of focusing used. Coupling with the original Dornier HM3 
machine utilizes a 1,000 L water bath to transmit the shock waves to 
the patient. Second generation lithotripters were designed to allevi- 
ate the physiologic, functional, and economic problems of the large 
water bath, and current models utilize an enclosed water cushion, 
or a totally contained shock tube, to allow simplified positioning 
and ‘dry’ lithotripsy. 

Stone localization during lithotripsy is accomplished with either 
fluoroscopy or ultrasonography. Fluoroscopy provides the urolo- 
gist with a familiar modality and has the added benefit of effect- 
ive ureteral stone localization. However, fluoroscopy requires more 


space, carries the inherent risk of ionizing radiation to both the 
patient and medical staff, and is not useful, without adjunctive con- 
trast injection, in localizing radiolucent calculi. Sonography-based 
lithotripters offer the advantages of stone localization with con- 
tinuous monitoring, and effective identification of even radiolucent 
stones, without radiation exposure. Additionally, ultrasound has 
been documented to be effective in localizing stone fragments as 
small as 2-3 mm, and is as good or better than routine kidney, 
ureter, and bladder X-ray (KUB) to assess patients for residual 
stone fragments following lithotripsy.” The major disadvantages of 
ultrasound stone localization include the basic mastery of the use 
of ultrasonic techniques by the urologist, and difficulty in localizing 
minimally or non-obstructing ureteral stones. “Third generation’ 
lithotripters incorporate dual imaging capability—both fluoro- 
scopic and sonographic localization systems available in the same 
machine—as well as variable shock wave power. 


Anaesthesia requirements 


Three factors contribute to the need for anaesthesia during shock 
wave lithotripsy: shock wave pressure (power); area of the shock 
wave at its skin entry site; and size of the shock wave focal point. 
The intensity of the shock wave is determined by the type of gen- 
erator used and the amount of power (usually electrical charge) 
supplied to the shock wave generator. The original electrohydraulic 
design delivers the most powerful shock waves, but also causes the 
greatest amount of discomfort for the patient. Therefore, either gen- 
eral, regional, or local anaesthesia is used in the original spark-gap 
machines. Recent studies have demonstrated the ability to reduce 
anaesthesia requirements with the first generation electrohydraulic 
devices.® 

The size of the focal point, as well as the area of shock wave entry 
at the skin are both determined by the configuration of the focusing 
device. The increased area of skin entry and diminished focal size 
has lessened the need for general or regional anaesthesia in patients 
treated on second or third generation lithotripters. Currently, vari- 
able power electrohydraulic lithotripters provide the advantage of a 
wide range of shock wave intensity to allow for either a reduction in 
anaesthesia requirements, or for increased fragmentation efficacy 
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with higher power under general or regional anaesthesia. Using the 
lower power setting, however, causes the overall stone-free rate to 
decrease, while increasing the number of shocks required per treat- 
ment, and the retreatment rate. Therefore, in order to achieve an 
anaesthesia-free status, one must expect the number of secondary 
treatments to increase. Therefore, the efficiency of that lithotripter 
will be diminished. 


Contraindications to shock wave lithotripsy 


Not all ureteral stones are amenable to SWL, and clinical studies 
have demonstrated that the size and composition of the calculi, 
along with location and ureteral anatomy, all significantly impact 
on successful stone fragmentation and clearance. Absolute con- 
traindications to SWL include pregnancy, uncontrolled hyper- 
tension, uncontrolled coagulopathy, and obstruction distal to the 
stone. Relative contraindications may include large stone size, most 
cystine stones, active infection, and proximate calcified abdominal 
aortic or renal artery aneurysms.” Concerns exist regarding the use 
of SWL for distal ureteral stones in women of childbearing age, due 
to theoretical risk of damage to reproductive organs. However, sur- 
veys of women treated with SWL for distal ureteral stones have not 
revealed any significant fertility problems. 


Results: According to stone size and location 


The first generation Dornier HM3 represents the ‘gold standard’ in 
terms of efficacy (overall stone-free rate) in stone fragmentation. As 
the shock wave pressure and focal point area of second and third 
generation machines have been reduced, so has the requirement for 
anaesthesia or analgesia. However, the price paid for anaesthesia- 
free lithotripsy is an increase in the secondary treatment rates, and 
a subsequent reduction in efficiency. While there is a compromise 
in efficiency with the piezoelectric lithotripters, the decreased effi- 
ciency may be balanced by the fact that each treatment is an office’ 
procedure, without anaesthesia or analgesia. Electromagnetic litho- 
tripsy, usually performed with intravenous or oral sedation, has 
been found to require a mean of approximately 3,600 shock waves 
per treatment, with stone-free rates of 69-80% and retreatment 
rates of 7-21%. The recent large meta-analysis focusing on ureteral 
stones, conducted by the joint EAU and AUA Nephrolithiasis 
Guidelines Panel, revealed overall stone-free rates of 74-84%, with 
the lowest stone-free rates observed for mid-ureteral stones.!° 

With increased stone volume, the efficacy of all lithotripters 
decreases significantly. In the Nephrolithiasis Guidelines Panel 
meta-analysis, stones <10 mm demonstrated stone-free rates of 
84-90%, while stones >10 mm diameter demonstrated stone-free 
rates of 68-76%.10 

Stone location in the ureter is another important determinant 
of the outcome of shock wave lithotripsy. When stratified by size, 
stones <10 mm managed with SWL demonstrated stone-free rates 
of 86%, 84%, and 90% for the distal, mid, and proximal ureter, 
respectively.!? For stones >10 mm, observed stone-free rates were 
74%, 76%, and 68% in each location, respectively. 


Results: According to stone composition 


As the stone composition varies, so does the efficacy of shock wave 
lithotripsy. Harder’ stones such as calcium oxalate monohydrate 
and cystine require an increased number of shock waves at higher 
intensity levels to achieve adequate fragmentation. Even at these 
higher settings however, results with cystine calculi have been 


inferior to those with calcium oxalate stones.!! Most investigators 
advocate against the use of SWL for large cystine calculi. 1? 


Complications of shock wave lithotripsy 


Most SWL complications are believed to be minor and self-limiting. 
Overall rates of major and minor complications have been reported 
at 0.36% and 5.8%, respectively.!> Minor complications include 
transient haematuria, pain, nausea, and vomiting. Steinstrasse, or 
‘road of stone, can develop when multiple post-SWL fragments 
become obstructed along the ureter. Most SWL complications are 
not specific to ureteral calculi, but recent data have focused spe- 
cifically on complication rates following SWL for ureteral calculi. 
Rates of Steinstrasse have been reported in 3% patients with ureteral 
stones <10 mm, and up to 9.5% with 10-20 mm stones.! In the 
large Nephrolithiasis Panel meta-analysis, rates of Steinstrasse were 
observed to be 4-8%.!° Obstructing fragments can often be man- 
aged with repeated SWL sessions, and stent insertion if necessary. 
Infectious complications from SWL include urinary tract infection, 
fever, and sepsis. Rates of sepsis following SWL were observed to 
be 3-5%.10 


Conclusions for managing ureteral calculi using shock 
wave lithotripsy 


Shock wave lithotripsy has revolutionized the treatment of urinary 
calculi, and this modality is an acceptable first-line treatment for 
most ureteral stones. Major advantages to SWL are its non-invasive 
nature, low rates of complications, and the ability to perform under 
sedation. While overall stone-free rates for ureteral stones are 
approximately 75-85%,!° superior stone-free rates can be achieved 
with ureteroscopy (URS), as detailed in the subsequent section. 


Ureteroscopy 


The advent of ureteroscopy has significantly impacted the man- 
agement of ureteral calculi. Semi-rigid ureteroscopy can be used 
in conjunction with pneumatic, ultrasonic, or laser probes to suc- 
cessfully fragment ureteral calculi.!°-!” Flexible, actively deflectable 
ureteroscopes have made access to the upper ureter and intrarenal 
collecting system a safer, and at times, less tedious procedure.!8-?° 
These instruments can be advanced under direct vision or fluoro- 
scopic guidance directly to the level of the stone, which may be 
fragmented or, when especially small, extracted intact. 

Ureteroscopy is a versatile technique that can be used to treat 
stones throughout the urinary tract,?!-2? though a small working 
channel often limits the size and usefulness of adjunctive instru- 
mentation which is used for actual stone retrieval. This limitation 
on available instrumentation has necessitated the use of intracor- 
poreal lithotripsy for the management of most ureteral calculi. 
Various modalities for intracorporeal stone fragmentation include 
the holmium laser, and ultrasonic, pneumatic, and electrohydraulic 
lithotripters. Each class of intracorporeal lithotripter is reviewed in 
detail elsewhere in this text. 


Semi-rigid ureteroscopy 


The technique of rigid transurethral ureteroscopy has undergone 
significant refinements. Early ureteroscopes were large, fixed-lens 
systems which, although smaller than the cystoscopes of the day, 
were still cumbersome to use due to their large (11-13 Fr) size, and 
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ureteral dilation was often required for instrument insertion.?3 The 
current generation of ‘semi-rigid’ ureteroscopes incorporate fibre- 
optic light and image bundles into small metal frames.?4-*° This 
miniaturization of the ureteroscope often obviates the need for 
ureteral dilation, which saves time and allows the visualization of 
ureteral mucosa unaltered by the trauma of dilation. 

Semi-rigid ureteroscopes utilizing fibre-optic image and 
light bundles were introduced in the late 1980s. These mini- 
ureteroscopes were initially designed to use with laser lithotripsy 
of ureteral calculi. Initial ureteroscope design employed two 2.1 
Fr channels for both irrigation and instrument passage. Although 
these channels were too small to allow use of ‘standard’ 3 Fr ureter- 
oscopic accessories, they would easily accept laser lithotripsy fibres 
and guidewires. Since the first mini-ureteroscope was introduced, 
a number of other semi-rigid fibre-optic ureteroscopes have been 
developed that utilize either one or two working channels. All share 
the benefits of significantly reduced outer diameter, and increased 
ease of passage. 


Semi-rigid ureteroscopy: Indications 


Semi-rigid mini-scopes are ideally suited for both diagnostic and 
therapeutic manoeuvres performed in the lower half of the ureter. 
The semi-rigid mini-scopes are somewhat easier to manipulate in 
the distal portion of the ureter and therefore allow more rapid uret- 
eroscopic procedures. However, the flexible ureterorenoscope is the 
ideal instrument to access the proximal half of the ureter, as well 
as lesions within the renal collecting system. Therefore, a combin- 
ation approach with both instruments appears to allow easy and 
safe access to the entire upper urinary tract. 


Semi-rigid ureteroscopy: Technique 

The standard technique involves passage of a 0.038 inch floppy- 
tipped guidewire under both cystoscopic and fluoroscopic guid- 
ance at the outset of the procedure. The semi-rigid ureteroscope is 


then passed under direct vision alongside the guidewire to the level 
of interest. If the ureteral orifice will not accept the ureteroscope, 
ureteral dilation is performed with a 10 Fr ‘introducing’ (dual 
lumen) catheter (Fig. 2.17.1), or if necessary, a standard 15-18 Fr 
ureteral dilating balloon (Fig. 2.17.2).?7-29 Instruments used with 
the semi-rigid mini-ureteroscopes include stone baskets and laser 
lithotripsy fibres. 


Flexible deflectable ureteroscopy 


Innovations in fibre-optic technology have propelled the fur- 
ther development of flexible ureteroscopes. The widespread use 
of these new instruments has enabled diagnostic and therapeutic 
procedures to be performed routinely within the upper ureter and 
kidney. With the addition of active deflection capabilities, these 
newer endoscopes are often able to access to the entire upper urin- 
ary tract, including all of the intrarenal collecting system,*°-3 and 
even lesions or stones located in the lower pole or extremely lateral 
calyces can now be reached. 

In addition to the more conventional uses of flexible, deflectable 
ureteroscopes, many special applications of these instruments have 
and will be employed to take advantage of their unique capabilities. 
However, many of the attributes that make flexible ureteroscopy a 
useful and effective tool can lead to potential complications, as dis- 
cussed later in this chapter. 


Flexible ureteroscopy 


Introduction of the flexible ureteroscope 


The most difficult aspect of flexible ureteroscopy is the introduc- 
tion of the instrument into the distal ureter, because the flexibil- 
ity of these small instruments, which allows their manipulation 
throughout the entire upper tract, means they flex when they meet 
even the slightest resistance in the ureter. Dilatation of the intra- 
mural ureter may help its subsequent passage. Several techniques 


y, 


Fig. 2.17.1 A dual lumen catheter both dilates the ureteric orifice and allows rapid placement of a second working wire alongside the initial safety wire. 


Courtesy of Boston Scientific. 
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Fig. 2.17.2 A uromax ureteric balloon dilator. 

Photographs provided courtesy of Boston Scientific, Copyright © Boston Scientific 2015. 
Do not copy or distribute. The content of this website is under the sole responsibility of its 
respective authors and does not represent the opinion of Boston Scientific (BSC). Access 
to this site does not imply any responsibility for BSC. Please refer to BSC product DFUs for 


indications, contra indications, precautions and warnings. 


can be utilized to pass the flexible ureterorenoscope into the distal 
ureter. The scope can be passed directly over a guidewire that has 
been placed between the bladder and the renal collecting system. 
The instrument is ‘followed’ fluoroscopically, while the guidewire 
is held by an assistant to prevent coiling of the wire, and hence the 
scope in the bladder. 


Flexible ureteroscopy: Technique 


Our current procedure for passage of an actively deflectable, flex- 
ible ureteroscope entails initial placement of a 0.038 inch floppy- 
tipped wire up to the renal pelvis, usually employing a 6 Fr open 
end ureteral catheter to help guide the floppy guidewire into the 
ureteral meatus. Intermittent fluoroscopic monitoring during the 
entire case is an integral part of the procedure that allows confirm- 
ation of ureteroscopic position. After the ureteral catheter has been 
removed, a second guidewire, or safety guidewire is passed along- 
side the original (working) guidewire (using, for example, a dual 
lumen catheter). 

After removal of the balloon dilator, the flexible ureteroreno- 
scope is passed directly over the working guidewire. Using both 
direct vision through the ureteroscope and fluoroscopic monitor- 
ing, the flexible ureteroscope is passed up to the area of interest 
either in the ureter or renal collecting system. Once the area of 
interest has been reached, the working guidewire can be removed 
and the working port used for either for irrigation or passage of 
laser fibres, stone baskets, or biopsy forceps. The safety guidewire 
remains coiled within the renal pelvis at all times. 

Ureteral access sheaths assist passage of flexible ureteroscopes. 
These sheaths can be easily placed over a guidewire, similar to the 
placement of a nephroscopy sheath during percutaneous endo- 
scopic procedures.*-34 

Whatever method is employed, it is strongly recommended 
that fluoroscopy and a safety guidewire be utilized in every case. 
Fluoroscopy allows monitoring of the procedure whenever 
required, and the safety wire provides access to the renal pelvis 


should a problem occur during the procedure, thereby allowing 
placement of a ureteral stent ifand when required. 


Flexible deflectable ureteroscopy: Current applications 


The most frequent indication for flexible ureteroscopy is for 
removal of symptomatic calculi located throughout the ureter or 
within the intrarenal collecting system. Under direct vision, vari- 
ous intracorporeal lithotripsy devices, stone baskets, grasping for- 
ceps or snares can be manipulated to fragment or entrap ureteral 
or renal calculi, or fragments under direct vision with fluoroscopic 
monitoring. During withdrawal, distal progression of the scope is 
monitored fluoroscopically and with visual documentation of the 
moving ureteral mucosa. This helps assure that the ureter is not 
entrapped as the stone or fragment is being extracted. 


Flexible ureteroscopy: Limitations 


With the development of flexible deflectable ureteroscopes, ureteral 
and renal calculi can often be accessed successfully. However, a 
major limiting factor in using these smaller endoscopes to man- 
age urinary stones is the small size of the working channel, as the 
currently available flexible deflectable ureteroscopes have working 
ports ranging from only 3.6-4.0 Fr in diameter. Current instrumen- 
tation to be used through the working ports of these instruments 
include a wide range of baskets, graspers, electrodes, and laser 
fibres. 

The limited size of the working channels of flexible deflectable 
ureteroscopes not only limits the instrumentation which can be 
utilized, but also severely restricts irrigant flow, and this will have 
a negative impact on visualization during the actual therapeutic 
procedure. Studies have demonstrated that irrigant flow through 
a flexible, deflectable ureteroscopes with a 3.6 Fr working channel 
is only 32 mL/min with gravity irrigation, which is only 40% of 
the total flow that can be achieved through a 13 Fr rigid uretero- 
scope.*> Moreover, when placing a 3 Fr instrument through the 
3.6 Fr working channel, the gravity irrigant flow will be reduced to 
only 2 mL/min, which will significantly impact visualization. 

Two potential ways to augment irrigant flow, and thereby enhance 
visualization during flexible ureteropyeloscopic procedures, would 
be to either limit the size of the instrument utilized through the 
working channel, or to forcefully inject irrigant fluids. Indeed, by 
reducing the instrument size to approximately 1 Fr (about the size 
of a laser fibre or small electrohydraulic lithotripsy probe), one can 
increase irrigant flow to 24 mL/min with gravity irrigation, a 1,200- 
fold increase.*° Raising the irrigant pressure can also significantly 
increase irrigant flow. However, one should be aware of the poten- 
tial deleterious effects that can be induced by forceful hand irriga- 
tion, as studies have demonstrated that this manoeuvre can raise 
intrarenal pressures to over 400 mm Hg, and these pressures have 
been demonstrated to cause rupture of the intrarenal collecting sys- 
tem in animal studies.3” One must be cognizant of the potential 
deleterious effects of such high intrarenal pressures generated by 
forceful hand irrigation. 


Percutaneous anterograde ureteroscopy 


Rupel and Brown used an operatively established nephrostomy 
tract to extract an obstructing renal calculus in 1941.38 Nearly 
15 years later, Goodwin and associates reported the use of per- 
cutaneous nephrostomy drainage to provide relief of obstruc- 
tion and infection.*? Anterograde URS via percutaneous access 
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Fig. 2.17.3 Antegrade ureteroscopy to inspect the upper ureter for stones. 


Image reproduced courtesy of John Reynard. 


to the upper tract can be considered for treatment of very large 
(>15 mm) impacted stones in the proximal ureter (Fig. 2.17.3).!° 
In addition, it is an acceptable approach for concomitant removal 
of large intrarenal stones, or in patients with lower urinary tract 
diversion, or other anatomic features which would preclude retro- 
grade access. 

The exact technique of percutaneous stone extraction used is 
specific to the size, location, configuration, and presumed com- 
position of the stone. However, the procedure is always performed 
with the same four sequential steps employed for percutaneous 
nephrolithotomy: establishing percutaneous access; dilation of the 
tract; stone manipulation with fragmentation and extraction; and 
post-extraction drainage and tamponade of the tract. Techniques 
of percutaneous access are addressed elsewhere in this volume 
(Chapter 2.11). 


Results: Ureteroscopy 


The 2007 joint EAU/AUA Nephrolithiasis Panel Guidelines con- 
stitutes the largest review on efficacy of URS for ureteral stones. 
Overall stone-free rates for ureteral stones treated with URS were 
81-94%.!° As previously described with SWL, efficacy of URS is 
dependent upon the size and location of the stone. Stones <10 mm 
demonstrated stone-free rates of 80-97%, while stones >10 mm 
demonstrated stone-free rates of 79-93%. When stratified by stone 
location, stones <10 mm demonstrated stone-free rates of 97%, 
91%, and 80% the distal, mid, and proximal ureter, respectively. 
Stone-free rates were 93%, 78%, and 79% in the distal, mid, and 
proximal ureter, respectively, for stones >10 mm. 

Recommending an SWL versus URS approach is a frequent treat- 
ment dilemma in the management of ureteral stones. In 2011 the 


Cochrane Collaboration conducted a meta-analysis of seven tri- 
als, in which 1,205 total patients were randomized to SWL versus 
URS for treatment of ureteral stones.4° Overall, SWL demonstrated 
lower stone-free rates versus URS (RR 0.84, 95% CI 0.73-0.96). 

An additional outcome metric which appears to differentiate 
URS from SWL is fewer number of treatments required to achieve 
stone-free status. In the Nephrolithiasis Panel review, it was not 
possible to test for a significant difference in procedure counts 
between SWL and URS due to lack of variance data reported in 
available clinical trials. Significantly higher rates of retreatment 
were identified with SWL in the Cochrane review.*° 


Complications of ureteroscopy 


Complications of ureteroscopy are usually minor, and in most cases 
can be treated with placement of an indwelling ureteral stent.*! 
The most common complication to develop during ureteroscopy 
is ureteral perforation, which has been reported in 2-6% of con- 
temporary cases.** The perforation is usually a result of stone frag- 
mentation (EHL or laser lithotripsy) as opposed to passage of the 
ureteroscope. Occasionally, stone material may migrate through a 
ureteral perforation. Several studies have suggested that there are 
no long-term sequele if a non-infection-related stone has migrated 
completely through the wall of the ureter.4?-46 However, if stone 
fragments remain within the wall, a ureteral granuloma with sub- 
sequent stricture formation may result.47-49 

The most significant complication of ureteroscopic stone retrieval 
is ureteral avulsion. This complication is usually a result of basket- 
ing a stone that is too large to be extracted intact. When in doubt, 
intracorporeal stone fragmentation should obviate the possibility 
of avulsion. Although endourologic techniques have been used to 
manage ureteral avulsion, essentially all these significant complica- 
tions will require ureteral reconstruction.°°-*4 

The joint 2007 AUA/EAU Nephrolithiasis Guidelines Panel 
examined rates of complications for ureteric stones, including sep- 
sis, Steinstrasse, stricture, ureteral injury, and urinary tract infec- 
tion.!° More severe complications, including death and loss of a 
kidney, were observed to be so rare as to preclude accurate estimate 
of occurrence. Overall sepsis rates ranged from 2-4%. Steinstrasse 
ranged from 0-4%, and appeared lower than observed following 
SWL. Rates of ureteral stricture or injury were reported in 1-4% 
and 3-6%, respectively. In the Cochrane review, rates of overall 
complications were significantly lower for SWL, compared to URS 
(RR 0.54, 95% CI 0.33-0.88).4° 


Ureteroscopy: Conclusions 


Technologic advances in endoscope design, digital imaging, intra- 
corporeal lithotripters, and endoscopic accessory devices have rev- 
olutionized URS. URS is an acceptable first-line treatment for most 
ureteral stones. 


Adjunctive ureteral stent placement 


‘The efficacy of, and indications for, the use of ureteral stenting as 
an adjunct to SWL (preoperative) and URS (postoperative) for 
ureteral stones, is an area of controversy. Internal ureteral stents are 
associated with high rates of morbidity. When surveyed, up to 80% 
of patients with double J ureteral stents report bothersome lower 
urinary tract symptoms and adverse effects on quality of life.°*->4 
Patients with an indwelling internal ureteral stent typically report 
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storage symptoms, including frequency, and urgency with or with- 
out incontinence. Dysuria, haematuria, and sexual dysfunction are 
also reported.°3-5> Pain is described most commonly in the groin 
and flank (60%), followed by bladder (38%), and genitalia (32%). 
Ureteral stent placement following semi-rigid URS has been associ- 
ated with increased postoperative flank pain, bladder pain, urinary 
symptoms, overall pain, and total narcotic use.°° Given the fre- 
quency of these symptoms, a number of investigators have sought 
to define the utility of ureteral stent placement as an adjunct to 
SWL and URS. 


Pre-shock wave lithroscopy stent placement 


The utility and complications for ureteral stent placement prior to 
SWL have been reviewed in a recent meta-analysis.°” The results 
of eight randomized controlled trials of stented versus stent- 
less patients (total n = 876) were analysed. Stone-free rates were 
equivalent in the stented and stentless group (78.1% vs. 83.0%, 
p = 0.27). Incidence of Steinstrasse appeared to be similar in each 
group overall, although a significantly higher rate was observed in 
stentless patients from one study included in the analysis. Notably, 
the need for auxiliary treatments was equivalent in each group. The 
only significant difference was identified for incidence of lower urin- 
ary tract symptoms, which was significantly higher in the stented 
group (RR 4.10, 95% CI 2.21-7.61, p <0.00001). Taken together, 
these results indicate that stent placement prior to SWL may reduce 
incidence of Steinstrasse, but is associated with a high rates of lower 
urinary tract symptoms (LUTS), and does not improve stone-free 
status. Based on these data, the 2016 AUA Guidelines Panel con- 
cluded that routine stenting is not recommended as part of SWL.58 


Post-ureteroscopy stent placement 


The effects of postoperative stent placement following uncompli- 
cated URS has been reviewed by a recent meta-analyses. Nabi and 
colleagues reviewed nine randomized trials of stented versus stent- 
less patients (total n = 831).°° No significant differences were iden- 
tified in postoperative analgesia, infection, or stone-free rates. Rates 
of ureteral strictures were also equivalent in the groups. Incidence 
of lower urinary tract symptoms were significantly higher in the 
stented group. However, a trend towards decreased likelihood 
of unplanned medical visits or hospital admissions was noted 
with the stented patients, although this did not achieve statistical 
significance. 

The 2016 AUA Guidelines Panel concluded that stenting fol- 
lowing uncomplicated URS is optional.** The 2007 panel listed 
the following as clear indications to place a stent following URS: 
ureteral injury, stricture, solitary kidney, renal insufficiency, or 
large residual stone burden. 


Improving stent discomfort 


For patients meeting criteria for stent placement following URS, 
methods exist to minimize stent-related morbidity. Such manoeu- 
vres include proper selection and placement of the stent, and 
adjunctive medical therapies. 

A number of innovations in stent design have been developed in 
an attempt to minimize patient discomfort. Currently, no ideal stent 
material or design has been developed to eliminate morbidity.60-63 
In general, randomized trials have demonstrated equivalent degrees 
of stent discomfort among stents of different diameters and materi- 
als.64-67 In contrast to stent diameter and material, stent position as 


well as stent length have been consistently associated with patient 
discomfort. Multiple studies have identified an association with 
the presence of the distal stent coil that crosses the midline, or the 
presence of an incomplete distal coil, with worsened stent symp- 
toms.68-70 These observations have actually been confirmed in a 
prospective trial in which 120 patients were randomized to place- 
ment of a longer stent (26-28 cm), with the distal coil located across 
the midline of the bony pelvis and proximal coil in the upper calyx, 
versus shorter stents (22-24 cm) with a distal coil that did not cross 
midline, and the proximal coil within the renal pelvis.”! A signifi- 
cantly increased number of patients reported moderate to severe 
dysuria, urgency, and worsened quality of life in the group with the 
longer midline-crossing stents. 

Oral agents may be offered to reduce stent morbidity. Extensive 
level-one evidence supports the use of alpha blockers (tamsulo- 
sin 0.4 mg daily, or alfuzosin 10 mg daily) as medical adjuncts in 
reducing stent-related morbidity. In a meta-analysis by Yakoubi 
and colleagues, reviewing four randomized trials (with a total of 
341 patients), significant decrease in urinary symptoms and pain, 
and significant improvement in general health with alpha blocker 
use was observed.”” An additional meta-analysis again noted a sig- 
nificant reduction Ureteral Stent Symptoms Questionnaire (USSQ) 
score for urinary symptoms (mean reduction 8.4 [95% CI, 5.6- 
11.1]) and body pain (mean reduction 7.2 [95% CI, 2.5-11.8]). In 
addition, a significant benefit was observed with the anticholinergic 
tolterodine extended release (4 mg daily) in a single randomized 
trial. When offered to reduce stent-related morbidity, patients 
should be counselled on the off-label use of these medications. 


Evidence-based guidelines for management 
of ureteric stones 


In 2007, the joint EAU and AUA Nephrolithiasis Guidelines Panel 
developed a guideline for the management of ureteric calculi.!° 
Relevant literature documenting stone-free rates, number of pro- 
cedures performed, spontaneous passage rates, and complica- 
tions were stratified by stone size and locations, and reviewed in a 
detailed meta-analysis. For proximal ureteric stones <10 mm, SWL 
had higher stone-free rates than URS (90% vs. 80%). For proximal 
ureteric stones >10 mm, URS demonstrated superior stone-free 
rates (79% vs. 68%). In addition, URS demonstrated significantly 
superior stone-free rates for distal ureteral stones for all size cat- 
egories, and a trend towards superiority for mid-ureteral stones. 
Superior stone-free rates with URS versus SWL were also demon- 
strated in the 2011 Cochrane review.*° In addition, higher rates of 
retreatment were demonstrated for SWL versus URS. 

From the 2007 and 2016 Guideline Panel review, the following 
selected list of treatment guidelines was generated for the manage- 
ment of ureteric stones in the index patient: 


¢ For patients requiring stone removal, both SWL and URS are 
acceptable first-line treatments 


+ Patients with bacteriuria should be treated with appropriate 
antibiotics 


¢ Blind basket extraction without endoscopic visualization should 
not be performed 


+ Routine stenting is not recommended as part of SWL 


+ Stenting following uncomplicated URS is optional 


CHAPTER 2.17 SURGICAL TREATMENT OPTIONS FOR URETERIC STONES 


Taken together, for SWL, overall stone-free rates for ureteral stones 
are approximately 75-85%, and superior stone-free rates can 
be achieved with URS for most ureteral stones (including distal 
and mid-ureteral stones of any size, and proximal ureteral stones 
>10 mm). A notable exception is proximal ureteral stones <10 mm, 
which demonstrate a 90% stone-free rate with SWL compared to 
80% with URS. Compared with SWL, URS achieves a greater stone- 
free rate for most ureteral stones. Although overall complication 
rates are low, they appear to be higher than SWL, and this proced- 
ure is associated with longer hospital stay. 


Further reading 


Aboumarzouk OM, Kata SG, Keeley FX, Nabi G. Extracorporeal 
shock wave lithotripsy (ESWL) versus ureteroscopic management 
for ureteric calculi. Cochrane Database Syst Rev 2011 Dec 7; 
(12):CD006029. 

Chew BH, Lange D. Ureteral stent symptoms and associated infections: a 
biomaterials perspective. Nat Rev Urol 2009; 6(8):440-8. 

Chuong CJ, Zhong P, Preminger GM. Acoustic and mechanical properties 
of renal calculi: implications in shock wave lithotripsy. J Endourol 1993; 
7:437-44. 

Fabrizio MD, Behari A, Bagley DH. Ureteroscopic management of 
intrarenal calculi. J Urol 1998; 159:1139-43. 

Joshi HB, Okeke A, Newns N, Keeley FX Jr, Timoney AG. Characterization 
of urinary symptoms in patients with ureteral stents. Urology 2002; 
59(4):511-16. 

Preminger GM, Tiselius HG, Assimos DG, et al. 2007 Guideline for the 
management of ureteral calculi. Eur Urol 2007; 52(6):1610-31. 
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CHAPTER 2.18 


Management of ureteric 
stones in pregnancy 


Ben Turney and John Reynard 


Introduction to management of ureteric 
stones in pregnancy 


Renal colic is the most common non-obstetric cause for abdominal 
pain and hospitalization during pregnancy.! Ureteric stones occur 
in about 1 in 2,000 pregnancies,?~* most (>80%) in the second and 
third trimesters. Primary management concerns are diagnostic 
foetal radiation exposure and the potential for adverse perinatal 
events arising either from the stone or from intervention. 


Physiology 


During pregnancy, lithogenic and stone inhibitory processes are 
broadly in balance. Increased renal plasma flow and glomerular fil- 
tration rate resulting in hypernatruria, hypercalciuria, and hyperu- 
ricosuria® combine with a physiological hydroureteronephrosis 
(partly due to the inhibitory action of progesterone on smooth 
muscle but mostly due to the mass effect of the gravid uterus!) 
to promote stone formation. They are countered by an increase 
in urinary levels of stone inhibitors (e.g. magnesium and citrate). 
Consequently, the incidence of symptomatic nephrolithiasis is 
comparable to the non-pregnant population. 

While previous studies suggested that stone composition in preg- 
nancy is the same as for non-pregnant patients,”8 recent papers 
suggest calcium phosphate stones are more prevalent in pregnant 
women compared to age-matched non-pregnant women.”!0 


Symptoms 


Pregnant women present with the usual symptoms of renal colic, 
but distinguishing stone pain from other obstetric and non- 
obstetric causes of abdominal pain is a diagnostic conundrum. 


Risk of perinatal events 


Several small case series and some larger observational studies 
have associated nephrolithiasis with an increased risk of preterm 
labour, preterm delivery, and premature rupture of membranes, but 
the data on this is not consistent.!! Recent large retrospective stud- 
ies have not found associations between the majority of perinatal 
events!2-!4 and the presence of ureteric stones, and so treatment is 
directed principally at relieving pain (assuming there is no infec- 
tion). This goal must be balanced against the risk of inducing pre- 
mature labour following intervention. 


Imaging 

Radiation exposure of the foetus should be avoided if possible, but 
teratogenic risk is low even with computed tomography (CT) and 
the risks of radiation exposure must be balanced against the risks 
of failure of or delay in diagnosis of stone disease.!° Up to 50 mGy 
has been suggested to be safe in pregnancy. Nonetheless, ultrasound 
assessment remains the first-line investigation. The physiologically 
hydronephrotic kidney will inevitably produce diagnostic confu- 
sion, but ureteric jets in the bladder and resistive index may help 
improve accuracy.!® A resistive index (RI) of 0.7 (sensitivity 45%; 
specificity 91%; accuracy 87%) or a change in RI more than 0.06 
(sensitivity 95%; specificity 100%; accuracy 99%) may be useful in 
diagnosing a ureteric stone. !” Transvaginal ultrasound may improve 
visualization of the distal ureter. IVU, CT, MRI, and renograms 
have all been evaluated but are not in widespread use currently. Of 
these, MRI is the most promising as it provides detailed anatomical 
information without radiation. MR urography may be used when 
ultrasound fails to obtain a diagnosis. However, in our experience 
magnetic resonance urography is used so infrequently that radiolo- 
gists frequently struggle to be able to confirm or refute the presence 
of a ureteric stone. 


Management 


Management must optimize safety for the mother and foetus. 
Infected obstructed systems must be drained. The risks of prema- 
ture rupture of membranes and preterm labour/delivery must be 
balanced against the risks of intervention. 


Expectant management 


As with the non-pregnant patient, conservative management 
should be first-line. Around 70-80% of stones will pass spontan- 
eously,>®18 although this may be an overestimate due to the limita- 
tions of imaging in pregnancy resulting in an overdiagnosis. Loin 
pain and physiological hydronephrosis seen on ultrasound may be 
incorrectly attributed to a stone.!° The patient should be adequately 
hydrated and pain control optimized with paracetamol and opiate 
analgesia. In exceptional cases, epidural analgesia may be useful. 
Non-steroidal anti-inflammatories (NSAIDs) are contraindicated 
in pregnancy, and the safety and efficacy of medical expulsive ther- 
apy is unknown and therefore not recommended. Urinary tract 
infection is found in up to 50% of pregnant women with stones? 
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and is treated depending on sensitivities with an antibiotic that is 
safe in pregnancy. 


Active treatment 


Indications for intervention are the same as for the non-pregnant 
patient, but are influenced by obstetric circumstances. Active 
treatment options may be temporizing (stent or nephrostomy) 
or definitive (ureteroscopic stone extraction). Historically, 
temporizing measures were the only recommended treatment 
option. However, potential problems associated with tempor- 
ary drainage mechanisms include recurrent obstruction, infec- 
tion, nephrostomy displacement, encrustation, infection, and 
pain. These factors may impact on pregnancy. In recent years, 
advances in surgical technology and technique have permitted 
definitive ureteroscopic management of stones during preg- 
nancy.!> Recent retrospective meta-analysis suggest that ureter- 
oscopy in specialist centres is safe with no evidence of obstetric 
complications,!> but small sample size and case selection bias 
may limit the application of these results to non-specialist 
centres.!? Absolute contraindications to ureteroscopy in the 
pregnant population include the presence of sepsis/infection, 
inadequate equipment, or experience and a large stone burden 
necessitating a prolonged ureteroscopy. Of note, lithotripsy is 
contraindicated in pregnancy due to negative effects on intra- 
uterine growth in animal models and potential risk of foetal 
death.” PCNL is not practical during pregnancy and should be 
deferred until after delivery. 


Further reading 


Banhidy F, Acs N, Puhé EH, Czeizel AE. Maternal kidney stones during 
pregnancy and adverse birth outcomes, particularly congenital 
abnormalities in the offspring. Arch Gynecol Obstet 2007; 
275(6):481-7. 

Burgess KL, Gettman MT, Rangel LJ, Krambeck AE. Diagnosis of 
urolithiasis and rate of spontaneous passage during pregnancy. J Urol 
2011; 186(6):2280-4. 

Rosenberg E, Sergienko R, Abu-Ghanem §, et al. Nephrolithiasis during 
pregnancy: characteristics, complications, and pregnancy outcome. 
World J Urol 2011; 29(6):743-7. 

Semins MJ, Matlaga BR. Management of stone disease in pregnancy. Curr 
Opin Urol 2010; 20(2):174-7. 

Srirangam SJ, Hickerton B, Van Cleynenbreugel B. Management of urinary 
calculi in pregnancy: a review. J Endourol 2008; 22(5):867-75. 

Swartz MA, Lydon-Rochelle MT, Simon D, Wright JL, Porter MP. 
Admission for nephrolithiasis in pregnancy and risk of adverse birth 
outcomes. Obstet Gynecol 2007; 109(5):1099-104. 
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CHAPTER 2.19 


Bladder stones 


John Reynard and Ben Turney 


Pathology of bladder stones 


The majority of bladder stones in Western practice are secondary 
to underlying pathology—bladder outlet obstruction due to benign 
prostatic enlargement in men! and urethral obstruction from pel- 
vic prolapse or cystocele in women,” chronic infection in the 
neuropathic or augmented bladder, or in the neobladder. 

As the number of bladder augmentations and neobladders fash- 
ioned in women has increased, so the ratio of male:female incidence 
of stones has fallen.>® The chronically catheterized neuropathic 
patient has a one in four risk of developing a bladder stone over five 
years (the same risk whether urethral or suprapubic location of the 
catheter),” with the annual risk of bladder stone formation being 
4% when compared with just 0.2% for patients established on inter- 
mittent self-catheterization. 

The majority of bladder stones arise within the bladder rather 
than arising from migration of renal stones, as evidenced firstly 
by very few patients with bladder stones reporting a prior episode 
of ureteric colic, and secondly by the absence of a calcium oxalate 
nucleus within the majority of bladder stones.® 

Secondary bladder stones are composed of struvite if the aeti- 
ology is infection and, where the aetiology is obstructive, struvite 
(indicating the presence of infection related to BOO), calcium 
phosphate, calcium oxalate, and uric acid. 

Foreign body encrustation with calcium oxalate is another aetio- 
logical factor, especially in women who have undergone previous 
gynaecological surgery in the form of sling or mesh procedures, 
which are either inadvertently passed through the bladder during 
the initial procedure, or erode into the bladder at a later date. 

Primary bladder stones (defined as those without any functional, 
anatomical, or infectious aetiology) are still common in children 
in Thailand, Indonesia, North Africa, the Middle East, and Burma, 
and are usually composed of a combination of ammonium urate, 
calcium oxalate, uric acid, and calcium phosphate.*!° The aetiology 
is: (a) a diet low in protein and phosphate (breast milk and polished 
rice or millet) resulting in high peaks of ammonia excretion in the 
urine (hyperammonuria), which promotes calcium oxalate and 
ammonium urate precipitation; (b) consumption of oxalate-rich 
tampala and bamboo shoots; (c) relative dehydration (and hence 
urine supersaturation with stone-forming elements) from diar- 
rhoea and low fluid intake (as a consequence of inadequate supplies 
of clean drinking water). 


Presentation of bladder stones 


The symptoms of primary bladder stones include passage of ‘sand’ 
in the urine, abdominal pain, pain on voiding (dysuria), with 


urinary frequency and haematuria. An unusual symptom (said to 
be pathognomonic) is pulling of the penis by young boys, a symp- 
tom indicative of strangury (painful irritation of the bladder lead- 
ing to a strong desire to urinate). 

Secondary bladder stones may be symptomless especially in the 
neuropathic patient (an incidental finding on kidney, ureter, and 
bladder (KUB) X-ray, bladder ultrasound, or on cystoscopy) who 
has limited or no bladder sensation. In the neurologically intact 
patient, symptoms include suprapubic or perineal pain, haema- 
turia, urgency, and/or urge incontinence, recurrent urinary tract 
infection, and hesitancy and poor flow if the stone obstructs the 
urethra during attempted voiding. 


Diagnosis of bladder stones 


Most bladder stones are visible on a plain KUB X-ray (Fig. 2.19.1). 
Many may be seen on a bladder ultrasound if the bladder contains 
urine at the time of the scan (but not if it is catheterized and there- 
fore empty). 


Treatment of bladder stones 


The technique of stone removal is determined by the size of the 
conduit through which access to the bladder is gained. The urethra 
will accommodate large instruments. Mitrofanoff stomas, if the 


Fig. 2.19.1 Obviously visible bladder stones on a plain abdominal X-ray. 


Image reproduced courtesy of John Reynard. 
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Fig. 2.19.2 Large stones, especially in a neobladder with Mitrofanoff conduit 
access, only usually require percutaneous or open surgical removal. 
Image reproduced courtesy of John Reynard. 


Fig. 2.19.3 The Mauermeyer stone forceps for bladder stone fragmentation. 
Image reproduced courtesy of John Reynard. 


only route into the bladder (e.g. if the bladder neck has been 
closed), will only accommodate flexible ureterorenoscopes and 
small laser fibres. In the augmented or neobladder, mucus and deb- 
ris may so obscure the view that effective stone fragmentation can 
be difficult or impossible, and removal of stone fragments, espe- 
cially where the stone burden is large, may be problematic. Large 
stones, especially in the augmented or neobladder where access 
is limited by a narrow Mitrofanoff conduit (Fig. 2.19.2), usually 
require removal by a percutaneous technique (akin to percutan- 
eous nephrolithotomy).4!!-!¢ 

Where the urethra can be accessed, most stones are small 
enough to be removed cystoscopically (endoscopic cystolithola- 
paxy), using stone-fragmenting forceps for stones that can be 


engaged by the jaws of the forceps (Fig. 2.19.3). For the larger 
stone, electrohydraulic lithotripsy (EHL) is still available in some 
hospitals. However, equipment manufacturers are no longer sell- 
ing or repairing EHL machines and so EHL will soon no longer 
be a treatment option. Pneumatic and laser lithotripsy are other 
options for fragmenting stones too large to be engaged in the jaws 
of the lithotrite. 


Further reading 


LEsperance JO, Sung J, Marguet C, et al. The surgical management of stones 
in patients with urinary diversions. Curr Opin Urol 2004; 14:129-34. 

Ord J, Lunn D, Reynard J. Bladder management and risk of bladder stone 
formation in spinal cord injured patients. J Urol 2003; 170:1734-7. 

Schwartz BF, Stoller ML. The vesical calculus. Urol Clin North Am 2000; 
27:333-46. 

Woodhouse CRJ, Lennon GN. Management and aetiology of stones in 
intestinal urinary reservoirs in adolescents. Eur Urol 2001; 39:253-9. 

Woodhouse CRJ, Robertson WG. Urolithiasis in enterocystoplasties. World 
J Urol 2004; 22:215-21. 
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CHAPTER 2.20 


Upper urinary tract obstruction 


Mark Sullivan, John Henderson, 
Inderbir Gill, and Nilay Patelt 


Introduction to upper urinary 
tract obstruction 


Urologists are frequently faced with upper tract dysfunction in 
adults and children. Upper urinary tract obstruction results in 
obstructive uropathy and nephropathy. The uropathy causes struc- 
tural and functional changes in the genitourinary tract proximal 
to the point of obstruction, whilst unrelieved obstruction causes 
functional and biochemical alterations in the renal parenchyma 
(nephropathy), which may in turn lead to renal impairment and 
failure. 


Aetiology, pathophysiology, 
and clinical features 


A number of pathologic conditions impair the normal flow of urine 
from the kidney to the bladder (Table 2.20.1). Obstruction is one 
of the most common entities in urology. It can occur anywhere 
from the pelviureteric junction to the meatus, and be either intra- 
or extraluminal, and acute or chronic. The main consequence of 
obstruction is urinary stasis and increase in intraluminal ureteral 
and/or renal pelvicalyceal pressure. 

In acute obstruction, such as that seen with ureteral calculi, there 
will be elevation of the intrarenal hydrostatic pressure. If this per- 
sists, it can damage the kidneys, but is initially compensated for 
by pyelovenous and pyelolymphatic backflow. Urinary extravasa- 
tion may also occur via calyceal rupture with acute obstruction. 
Coexistant urinary infection with endotoxin production can fur- 
ther impair ureteral peristalsis. 

Long-term obstruction to urinary flow in the ureter will lead 
to proximal dilatation of the ureter. With dilatation of the ureter, 
ureteral wall coaptation is inhibited and the dilated ureter becomes 
inefficient in providing functional contractility. Superadded bac- 
terial infection and endotoxin release will further inhibit smooth 
muscle activity in the ureter and increase urinary stasis. Following 
decompression (nephrostomy or stenting) of the upper urin- 
ary tract, the renal pelvis and ureter may regain normal tone and 
function, depending on the duration and degree of obstruction. 
Radiographic appearances of the upper urinary tract tend to nor- 
malize within three to six months unless the obstruction occurred 
early in foetal development or was long-standing, causing perman- 
ent distortion of the ureter and renal collecting system. 


t Deceased 


Table 2.20.1 Possible causes of obstructive nephropathy 

Renal 

Congenital Polycystic kidney, renal cyst, parapelvic cyst, 
pelviureteric junction obstruction 

Neoplastic Wilms tumour, renal cell carcinoma, collecting system, 
transitional cell carcinoma, multiple myeloma 

Inflammatory Tuberculosis, Echinococcus infection 

Metabolic Calculi 


Miscellaneous Sloughed papillae, trauma, renal artery aneurysm 


Ureter 

Congenital Stricture, ureterocoele, obstructing megaureter, 
retrocaval ureter, prune belly syndrome 

Neoplastic Ureteric transitional cell carcinoma, metastatic carcinoma 
Tuberculosis, amyloidosis, schistosomiasis, abscess, 

Inflammatory ureteritis cystica, endometriosis 


Retroperitoneal fibrosis, pelvic lipomatosis, abdominal 
aortic aneurysm, radiation therapy, lymphocoele, 
rauma, urinoma, pregnancy, radiofrequency ablation 


Miscellaneous 


Bladder and urethra 


Congenital Posterior urethral valves, phimosis, hydrocolpos 

Neoplastic Bladder carcinoma, prostate carcinoma, urethral 
carcinoma, penile carcinoma 

Inflammatory Prostatitis, paraurethral abscess 


Miscellaneous Benign prostatic hypertrophy, neurogenic bladder, 


urethral stricture 


Obstructive nephropathy also affects renal haemodynamic vari- 
ables and glomerular filtration. However, these changes depend on 
the extent and severity of obstruction, unilateral or bilateral obstruc- 
tion, and whether the obstruction has been relieved or persists. 

The differences in uni- or bilateral obstruction were classified 
based on animal experiments. 


Unilateral ureteric obstruction 


In unilateral obstruction (UUO), there is a triphasic pattern of 
renal blood flow (RBF) and ureteral pressure changes. In the first 
one to two hours, RBF increases together with high renal tubular 
hydraulic pressure and collecting system pressure. In phase 2, last- 
ing three to four hours, the pressure parameters remain increased, 
but RBF begins to decline. The third phase, beginning at five hours 
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Fig. 2.20.1 Triphasic changes in renal blood flow and ureteral pressure after unilateral obstruction in dogs. Phase | RBF and IPP increase together, phase || RBF decreases 


while IPP remains high, and phase III RBF and IPP decrease. 


Reprinted from Investigative Urology, Volume 13, Issue 3, Moody TE et al, Relationship between renal blood flow and ureteral pressure during 18 hours of total unilateral uretheral 


occlusion: Implications for changing sites of increased renal resistance, pp. 246-51, Copyright Elsevier © 1975. 


post-onset of obstruction, characterized by a further reduction in 
RBF but also the tubular and collecting system pressures. 

In the first phase, glomerular filtration rate (GFR) is steady, 
counterbalanced by tubular pressure increases reducing GFR and 
renal vasodilatation (mediated via PGE, and nitric oxide—NO) 
increasing GFR. The RBF redistributes itself to the juxtamedullary 
regions, leaving large regions of the cortex under or non-perfused. 

In phase 2, GFR and RBF progressively decline due to reduced 
glomerular perfusion secondary to afferent vasoconstriction and 
reduced glomerular capillary pressure. Angiotensin I, thromb- 
oxane A2, and endothelin also probably play a role in the reduced 
RBF in phases 2 and 3 (Fig. 2.20.1).1 


Bilateral ureteric obstruction 


The changes seen here or in a solitary kidney differ from UUO. In 
the first 90 minutes of bilateral ureteric obstruction (BUO) there 
is a modest increase in RBF, which is then followed by a profound 
and prolonged decrease. The early maintenance of renal haemo- 
dynamics is probably mediated by NO, while the subsequent pro- 
found reduction in RBF is likely mediated via increased renorenal 
reflex activity. Endothelin, angiotensin II, and thromboxane also 
probably contribute to the RBF changes. The shift of the blood flow 


is the opposite to UUO, with increased cortical and reduced medul- 
lary flow (Fig. 2.20.2). 

Ureteral pressures are higher in BUO than UUO. In the first four 
to five hours, the ureteral and tubular pressures are increased in both 
UUO and BUO. Following this, the ureteral pressure remains elevated 
for at least 24 hours in BUO, while it drops back to preocclusion pres- 
sure within 24 hours in UUO. The initial preglomerular vasodilata- 
tion followed by prolonged postglomerular vasodilatation maintains 
the raised ureteral pressures in BUO. In UUO, the initial preglomeru- 
lar dilation and shortlived postglomerular vasoconstriction are fol- 
lowed by prolonged preglomerular vasoconstriction that will counter 
the elevations in tubular and glomerular capillary pressures. 

If the obstruction is relieved, the diuresis seen in BUO is much 
greater because of volume expansion, urea, and other osmolytes, 
and a natriuresis is stimulated probably by atrial natriuretic pep- 
tide. In UUO, diuresis is unusual because the contralateral kidney 
upregulates ion transporters, in particular those controlling sodium 
balance, to compensate for the changes in the other kidney.! 

Following complete ureteral obstruction in dogs, GFR returns to 
normal 2 weeks after relief of 7 days of unilateral obstruction, 70% 
recovery after 14 days of UUO, 30% after 4 weeks, and no recovery 
after 6 weeks of UUO.’ 
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Fig. 2.20.2 Summary of changes in intrarenal pressure and renal blood flow in unilateral and bilateral renal tract obstruction. Pressure values are approximate. 


In partial ureteric obstruction, similar but slower changes to 
acute obstruction are seen. In neonates, this has potentially dele- 
terious effects on tubule and glomerulus formation, compromising 
(though not usually causing complete loss of) renal function. 

In adults (dogs), Leahy showed partial obstruction for 14 days 
was completely reversible; 31% recovery of function was seen after 
28 days of partial obstruction and only 8% function was recovered 
after 60 days of partial obstruction.* 

Obstruction leads to defects in urinary acidification, mainly in 
the distal nephron. There is a shift from oxidative metabolism to 
anaerobic respiration reducing renal ATP, and increasing ADP 
and AMP! 

Histological changes in obstructed kidneys include tubu- 
lointerstitial fibrosis, tubular atrophy, apoptosis, and interstitial 
inflammation.! 


Clinical presentation 


With the routine use of antenatal ultrasound scanning, obstruct- 
ive uropathy in early life may be suggested by the finding of urin- 
ary tract dilatation. This should prompt further investigations and 
treatment. In a young child, the first presentation of obstruction 
may be with urinary infection or failure to thrive. In the older child, 
pain may be a presenting complaint. 

Acute obstruction, such as with a renal calculus passing into 
the ureter, often manifests with severe colicky pain. The location 
of the pain can correlate with the site of urinary obstruction from 
proximal obstruction causing loin pain, to vesicoureteric junction 
obstruction causing isolated scrotal or vulval pain. 

Chronic progressive obstruction may be silent and found inci- 
dentally on radiological imaging or serum creatinine measurement. 
A patient with bilateral obstruction, or obstruction of a function- 
ally or anatomically single kidney may describe oliguria, anuria, or 
uraemic symptoms. 

Dietl’s crisis, first described in 1864, refers to episodic abdominal 
pain in association with intermittent renal pelvic obstruction. It is 
often misdiagnosed and may be accompanied by a palpable mass. 

To understand and successfully manage upper tract obstruc- 
tion, a clear distinction must be made between anatomical and 


functional studies. Hydronephrosis is the finding of renal pelvic 
and calyceal dilatation. When accompanied by ureteric dilata- 
tion, the term hydroureteronephrosis is used. It is an anatomical 
finding suggesting the presence of functional obstruction. The 
majority of imaging modalities rely on the anatomic finding of 
hydroureteronephrosis to suggest obstruction. The biochemical 
findings of increased serum creatinine and decreased GFR may 
further contribute. However, dilatation of the renal pelvis may 
be found in the physiological conditions of high urine flow or 
pregnancy. 


Imaging options in upper urinary tract 
obstruction 
Ultrasound (kidneys, ureters, and bladder) 


This is a mainstay option, but is an anatomic assessment. It is non- 
invasive with no radiation exposure and therefore suitable in preg- 
nancy and paediatric patients. It is suitable for patients with renal 
failure and contrast allergies. 

A significant problem is that hydronephrosis is an anatomical 
finding and not a functional diagnosis. Studies have shown a 35% 
false negative rate in acute upper tract obstruction.° Prior to the 
routine use of antenatal ultrasound scanning, obstructive uropathy 
would often present with pain or urinary tract infection. The find- 
ing of antenatal urinary tract dilatation should prompt a follow-up 
ultrasound in the first few weeks after birth to distinguish transient 
dilatation from more significant disease. Mild dilatation is a com- 
mon finding and may resolve spontaneously. The anteroposterior 
diameter of the renal pelvis is an important diagnostic tool and a 
diameter of greater than 50 mm is almost always associated with 
significant pathology. The postnatal ultrasound may give clues as 
to the aetiology, including whether the dilatation is unilateral or 
bilateral, whether the dilatation includes just the renal pelvis or the 
ureter and bladder, and whether there is any bladder thickening. 
Lower urinary tract obstruction accounts for approximately 10% of 
prenatally detected uropathies. Depending on the likely aetiology, 
further investigation with diuresis (°°™Tc MAG3) or static renog- 
raphy and voiding cystourethrography (VCUG) may be indicated. 
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Renal resistive indexes measured using Doppler ultrasound may 
help in diagnosing obstruction but suffers from an inconsistent def- 
inition of obstruction in terms of the index figure.® Ultrasound can 
demonstrate crossing vessels at the pelviureteric junction (PUJ). 


Intravenous urography 


Previously the ‘gold standard} this test reveals a delayed nephro- 
gram and pyelogram on the affected side when obstruction is pre- 
sent. Delayed films will eventually reveal the anatomic level of the 
obstruction. The test relies on GFR and the concentrating ability of 
the kidney, and is of limited or no use in patients with renal insuf- 
ficiency. The risk of contrast nephropathy increases with increasing 
serum creatinine levels and this test should not be used in patients 
with renal insufficiency. Contrast reaction is also a risk. 


Retrograde pyelography 


This test is reserved for patients with renal insufficiency or contrast 
allergy risks or where the anatomy of the upper tract has not been 
well delineated with other imaging studies. Similarly a loopogram 
can be performed in people with an ileal conduit or other cutane- 
ous urinary diversion. 


Antegrade pyelography 


This is used when all other tests have not been possible or have 
failed, and requires a percutaneous needle or nephrostomy and 
antegrade contrast injection. 


Whitaker test 


Reported in 1973,” this test involves measurement of the renal pel- 
vic pressure while saline or contrast is infused into the pelvicalyceal 
system via a percutaneous needle or nephrostomy at a steady rate 
of 10 mL/min. At the same time, intravesical pressure is monitored 
via a catheter with transducer tip. 

The real value is the renal pressure minus the bladder pressure: 


+ Pressures <15 cm H,0 = normal; 
+ 15-22 are indeterminate; 
+ >22 = obstruction. 


The clinical use of this test is limited, however, since it is inva- 
sive and the sensitivity and specificity of the test has been reported 
as low as 79% and 50%, respectively. Individualized infusion rates 
might improve the sensitivity of the test. For this reason, it is 
rarely used. 


Renal nuclear scans 


Renal nuclear scans can be divided into dynamic studies used to 
investigate function and drainage (e.g. MAG renography) and static 
studies, which are used to quantify functioning tubular mass (e.g. 
DMSA scans). The most commonly used radionuclide is meta- 
stable 99-Technetium (Tc). It emits only gamma rays with an 
energy level of 140 keV and has a half life of six hours. 

Dynamic studies like diuresis renography are import- 
ant in the diagnosis and follow-up of upper tract obstruction. 
Mercaptoacetyltriglycine 3 (MAG3) is labelled with 9°™Tc, which is 
filtered at the glomerulus (10%) and secreted in the tubule (90%). 
The patient is asked to attend well hydrated and normal medi- 
cation can be continued. Metal objects should be removed from 


pockets but they may otherwise remain dressed and are asked to 
void pre-test. A dose of 50-100 Megabecquerels (MBq) MAG3 is 
given intravenously and images are taken every 20-30 seconds with 
a gamma camera. Regions of interest are drawn around each kid- 
ney and from this, a background region is subtracted to give the 
final renogram. After 20 minutes, a 0.5 mg/kg bolus of furosemide 
is given (Fr + 20) if there has not been adequate drainage of either 
kidney. 

The renogram can be divided into the vascular (I), uptake (II) 
and excretory (III) phases.® The vascular phase reflects renal blood 
flow and split function can be derived from this using a variety of 
techniques, such as the Rutland method. The normal renogram 
is obtained after a bolus injection of radionuclide; however, the 
Rutland method is a mathematical technique which assumes a con- 
stant infusion of radionuclide from which differential uptake can 
be calculated. 

There are five characteristic renographic patterns shown in 
Figure 2.20.3. 

If an equivocal response to diuretic is found (type IIb), the reno- 
gram may be refined by giving furosemide 15 minutes before the 
start (F-15). This reduces the rate of equivocal from 17% to 3%.® 
The type IV curve has a secondary peak called the Homsey’s sign. 
This suggests obstruction occurring only at high urinary flow rates. 

These tests involve the use of technetium (99m Tc) labelled 
agents to provide functional assessment of the upper urinary tract. 
99m Diethyl tetra pentacetic acid (DTPA) is a glomerular filtra- 
tion agent with 20% renal uptake and is also used for dynamic 
renography. 

Both tests have been used to diagnose obstruction. Obstruction 
can be assessed by the appearance of the clearance curves as above 
or calculating the time taken to clear half of the radiopharmaceuti- 
cal from the pelvicalyceal system (the so-called ‘half time’). 


+ Half time of <10 minutes = normal. 
¢ 10-20 minutes is equivocal; 20 minutes is obstructed. 


False postive results can be created by renal insufficiency, vesico- 
ureteric reflux, and renal immaturity in neonates. 


+ Bladder catheterization may be needed in bladder outflow 
obstruction, neurogenic or non-compliant bladder or low lying 
pelvic kidneys (where the renal signal can be obscured by tracer 
in the bladder). 


+ MAG3 renograms are presently the ‘gold standard’ imaging test 
to demonstrate upper urinary tract obstruction. 


Computerized tomography 


Non-contrast computed tomography (CT) is the most sensitive 
imaging test for upper tract stones and the test of choice in patients 
with renal colic type symptoms. It is also superior over ultrasound 
and intravenous urogram (IVU) in revealing other pathologies 
which may be relevant (e.g. lymph nodes, retroperitoneal fibrosis, 
extrinsic malignancies). 

Signs of obstruction on CT include ureteral dilatation, nephro- 
megaly, decreased parenchymal density of the involved kidney 
(compared with other kidney) and perinephric stranding or fluid. 
These signs have a positive predictive value of 99% and negative 
predictive value of 95% for acute ureteral obstruction.’ 


TYPE I (NORMAL) 
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Fig. 2.20.3 The five classic renogram patterns. 


Adapted from Rahim Taghavi et al, ‘Diuresis Renography for Differentiation of Upper Urinary Tract Dilatation From Obstruction F+20 and F-15 Methods, Urology Journal, Volume 4, Number 1, 


pp. 36-40, Copyright © 2007, under a Creative Commons Attribution 3.0 License. Source: data from O'Reilly PH et al, 'Diuresis renography in equivocal urinary tract obstruction’, British Journal of 


Urology, Volume 50, Issue 2, pp. 76-80, Copyright © 1978; and O'Reilly P et al, ‘Consensus on diuresis renography for investigating the dilated upper urinary tract. Radionuclides in Nephrourology 
Group: Consensus Committee on Diuresis Renography’, Journal of Nuclear Medicine, Volume 37, Number 11 pp. 187-206, Copyright © 1996 Society of Nuclear Medicine and Molecular Imaging. 


Contrast-enhanced CT has an increased sensitivity for demon- 
strating the cause of obstruction compared to an IVU. Triple phase 
CT’s are also very sensitive (97%) for identifying crossing vessels. 10 


Magnetic resonance imaging 


The of MRI in upper urinary tract imaging and obstruction has 
been advanced by a number of developments. 

Static MRI imaging (MRU) can be performed either with a static 
fluid approach relying on the T2 weighted spin echo or using gado- 
linium enhancement and producing dynamic excretion images. 
The T2 weighted images produced have been further improved by 
fast spin echo techniques and post-processing maximum intensity 
projection. Gadolinium enhancement imaging has been improved 
using hydration and diuretics, while sensitivity for stones is 93% for 
T2 weighted spin echo images. Diuretic MRU has been reported 
to have 100% accuracy for non-calculus obstruction, and 93% for 
those with obstructing stones. 

The use of gadopentoate-DTPA allows both dynamic functional 
assessment of the pelvicalyceal system comparable to dynamic 
nuclear scans and much greater anatomical detail than nuclear 
scans. Differential GFRs can also be calculated from post-imaging 
processing and contrast washout measured to differentiate dilated 
non-obstructed from obstructed units.!! MR angiography (MRA) 
has a sensitivity for crossing vessels of 95%.!2 Nephrogenic systemic 
fibrosis has been reported in some patients with renal impairment 
(GFR <30 mL/min) receiving gadolinium agents and is contraindi- 
cated in this group. 

Presently, the level of evidence does not support MRI as the 
preferred imaging modality over CT or ultrasound for the routine 
evaluation of obstructive uropathy. 


Decompression of obstructed 
upper urinary tracts 


Upper urinary tract obstruction that is symptomatic and uncontrolled 
by analgesia, complicated by infection, bilateral, or causing renal fail- 
ure requires urgent drainage of the affected side(s). Either percutan- 
eous nephrostomy placement or insertion of internal ureteric stents 
are options. Certain clinical settings may favour one over the other: 


+ Percutaneous nephrostomy should be strongly considered if 
pyonephrosis is suspected and if ureteric stenting is performed, a 
large diameter stent should be placed. 


+ No difference is apparent for stone related problems. 


+ Ureteral stenting may not be as effective for extrinsic ureteric 
obstruction.!4 Cancer, metastatic disease requiring chemotherapy 
or radiotherapy, and renal impairment have been shown to be pre- 
dictors of stent failure (42%) and this failure often (43%) occurs 
within a week of the stent insertion.!> Other studies have suggested 
renal failure alone is the only risk factor for stent failure.!©!7 


+ Encrustation increases the risk of stent failure and has been 
reported to be associated with pregnancy, urinary tract infection 
(UTI), stasis, dehydration, renal impairment, prolonged dwelling 
time, and a history of stone disease.!® 


Pelviureteric junction obstruction in adults 
Possible causes of PUJ obstruction include: 
+ congenital malformation; 


+ calculi; 
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+ crossing vessels; 
compression between vessels, stricture or tumour; 


+ parapelvic cysts. 


Pathogenesis 


Obstruction at the PUJ causes dilatation of the renal collecting sys- 
tem consequent on increased urine volume and elevated intrapelvic 
pressure (>100 cm H,O). One theory is that disorganization of the 
normal pacemaker activity within the pelvicalyceal system occurs 
with the dilatation of the renal collecting system. Uncoordinated 
contractions of the renal pelvis against the obstruction can then 
cause hypertrophy of the renal pelvic smooth muscle. Continued 
disruption of urine flow through the PUJ can impair the normal 
ureteral peristalsis leading to an adynamic segment. The renal 
pelvis and pelvicalyceal system may then become dilated and dis- 
torted owing to the compliance of the renal collecting system. 


Symptoms 
+ Loin pain 
+ UTIs 


+ Asymptomatic (incidental imaging finding) 


Investigations 


+ Urea and electrolytes (U&Es) 
+ CTKUB + MAG3 renogram 


Indications for intervention 

Symptoms due to obstruction 

+ Impairment of renal function 

+ Progressive deterioration of split function of affected kidney 

+ Stone production or infections 

+ Hypertension (rare) 

Numerous treatment options for PUJ obstruction have developed 
over the last century. 


History 


1886 Trendelenberg’s first description of open repair 


1903 Albarran’s ureterotome externe—the first attempt at endosur- 
gical repair!’ 


1943 Davis’s intubated ureterotomy”® 
1983 Wickham and Kellett’s endoscopic pyelolysis”! 
1984 Ramsay’s antegrade endopyelotomy”? 


Retrograde endopyelotomy 


This procedure has evolved over the last decade with the development 
of ureteroscopic and fluoroscopic techniques. It has clear advantages 
over the antegrade approach, as percutaneous access is not required. 
Retrograde endopyelotomy can be performed in one of three ways: 


1. Using a rigid ureteroscope and a cold/hot/laser incision 
2. Flexible ureteroscope with hot/laser incision 


3. Using the Acucise device 


The Acucise instrument was introduced in 1993.23 This is a balloon 
catheter with an overlying fine cutting wire. 

Some surgeons place an indwelling ureteral stent (4.8-7 Fr) one 
to two weeks prior to surgery to drain the obstructed kidney.24-?° 
This will prevent further episodes of renal colic and facilitate pas- 
sage of the ureteroscope at the time of endopyelotomy. The down- 
side is that it may cause significant stent symptoms in some patients. 
Indications 
Symptomatic PUJ obstruction 
+ Urinary tract infections 


+ Progressive renal deterioration 


Absolute contraindications 


+ Strictures >2 cm 
+ Poor renal function (<20%) 
+ Untreated bleeding diathesis 


+ Active urinary tract infection?>-?7 


Relative contraindications 
+ Massive hydronephrosis 

+ High insertion of ureter at PUJ 
Renal anomalies 


+ Crossing vessels (controversial)?°79 


Immediate preoperative preparation 
¢ Informed consent—this should include surgeons’ results 


+ Preoperative urine cultures checked—control bacteriuria for 
3-5 days if present at preop 


+ Preoperative clotting screen checked 
+ Patient side marked and signed by surgeon 
+ Patient imaging on screen in theatre 


+ Prophylactic intravenous antibiotics: gentamicin (3 mg/kg) plus 
cefuroxime (1.5 g) at induction 


+ Prophylactic heparinization: unfractionated heparin 5,000 inter- 
national units twice a day or fractionated heparin once a day 
until discharge 


+ C-arm in theatre with radiation protection gowns for use 


Patient positioning 


¢ Dorsal lithotomy with legs in supports 


Operative technique 


(i) Advance a stiff guidewire into the kidney under fluoroscopic 
guidance and place an open-ended ureteral catheter (5 Fr) over 
the wire. This allows irrigation and protection of the ureter 
from the electrocautery or laser. Advance the rigid or flexible 
ureteroscope up the ureter over a separate second guidewire 
under fluoroscopic control. Once at the PUJ, inspect for pul- 
sations visually. Make a lateral incision with electrocautery or 
the holmium laser (1-1.5 joule setting). The incision needs to 
be full-thickness down to the periureteral fat and along the 
whole length of the stricture. Balloon dilate the PUJ to 24 Fr 


and place a stent of the surgeons choice over the guidewire 
and leave in situ for four weeks.” 


(ii) Acucise endopyelotomy also requires initial placement of a 
stiff guidewire (0.035 inch). Railroad a ureteral catheter over 
the wire and drain residual urine in the renal pelvis. 


(iii) Replace the guidewire. Prealign the Acucise device for 
a lateral incision and then place over the guidewire and 
advance to a position just distal to the stricture. Attach the 
Sureseal II (Applied Medical Resources, Rancho, Santa 
Margarita, CA) over the guidewire to the centre port of 
the Acucise catheter and perform a retrograde pyelogram 
with dilute contrast. Do not use normal saline as the irri- 
gation fluid, and dilute the contrast with sterile water or 
glycine. 


(iv) Advance the Acucise catheter slowly until the radioo- 
paque markers straddle the PUJ. This can be checked by 
rotating the C-arm laterally. Inflate the balloon partially 
to confirm correct placement and keep the cautery on 
standby mode at this point. When the position is correct, 
inflate the balloon to 2.2cc and apply 75 watts (pure cut) 
of cautery for three to five seconds. Inflate the Acucise 
balloon to maximum and leave for 10 minutes to tampon- 
ade. Full-thickness incision can be monitored by observ- 
ing disappearance of the balloon waist or extravasation of 
contrast. Place a 7 Fr stent or 10 Fr endopyelotomy stent 
over the guidewire and leave for four to six weeks. Place 
a Foley catheter initially to monitor active bleeding. The 
patient can usually be discharged the same day or follow- 
ing morning.?° 


(v) Signs of bleeding after endopyelotomy include haemo- 
dynamic instability, a flank mass, ecchymosis, haematuria, 
and decreased haematocrit. 


(vi) Remove the stent between four to six weeks. 


Outcomes and complications 


Ureteroscopic endopyelotomy (UE) success rates have been 
reported in 73-90%30-34 and Acucise in 66-84%,232835-40 
Operative duration is 33-100 minutes with UE and 90.2-180 min- 
utes with Acucise. Hospital stay is 0.38-6 days with UE and 0.52- 
5 days with Acucise. Both procedures are associated with lower 
opiate use, hospital stay, and convalescence when compared to 
antegrade endopyelotomy, open and laparoscopic pyeloplasty. 

Complications occur in 2.5-21% of UE and 0-13.6% of Acucise 
patients. Average drops in haemaglobin are 1.8 mg for both. 
However, transfusions are reported in 1-9% with transcatheter 
embolization performed in 4%. UTIs occur in 2% and stent symp- 
toms in 3-5%. 

Follow-up is generally required for two years. Most failures have 
been reported within seven months of surgery, though 13% of fail- 
ures have been reported in the second year of follow-up. Succesful 
outcomes ideally require the patient to be completely asymptom- 
atic with normal MAG3 renograms or intravenous pyelography 
(IVP) postoperatively. Preoperative imaging is required. 

No clear difference between UE and Acucise outcomes has been 
demonstrated and the decision should rest with the surgeon’s pref- 
erence and experience.?37831-40 
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Percutaneous endopyelotomy 


Percutaneous management of PUJ obstruction was first described 
by Whitfield and Wickham in 1983.7 The term ‘endopyelotomy’ 
was first coined by Smith et al. in 1986.4! It is specifically indicated 
for patients who have failed an open approach and is also suited 
in patients with pyelocalyceal stones that can be managed at the 
same time. 


Indications 

Symptomatic PUJ obstruction 
+ Urinary tract infections/stones 
+ Progressive renal deterioration 


+ Causal hypertension (rarely) 


Absolute contraindications 
+ Strictures >2 cm 

Poor renal function (<20%) 

+ Untreated bleeding diathesis 


+ Active urinary tract infection?®?8 


Relative contraindications 
+ Massive hydronephrosis 

+ High insertion of ureter at PUJ 
Renal anomalies 


+ Crossing vessels (controversial)??->° 


Immediate preoperative preparation 


+ Informed consent—this should include surgeons’ results 


+ Preoperative urine cultures checked—control bacteriuria if pre- 
sent for 3-5 days preop 


+ Patient side marked and signed by surgeon 
+ Patient imaging on screen in theatre 


+ Prophylactic intravenous antibiotics: gentamicin (3 mg/kg), plus 
cefuroxime (1.5 g) at induction 


+ Prophylactic heparinization: unfractionated heparin 5,000 inter- 
national units twice a day, or fractionated heparin once a day 
until discharge 


+ C-arm in theatre with radiation protection gowns for use 


Patient positioning 


+ Prone position 


Operative technique 


(i) Access is needed across the PUJ obstruction initially to allow 
for a safe endopyelotomy. Place an initial hydrophilic guidewire 
into the kidney under fluoroscopic guidance and then place an 
open-ended ureteral catheter (5 Fr) over the wire. Remove the 
wire and then use the catheter for contrast injection to guide per- 
cutaneous access. Percutaneous access follows the description 
under percutaneous nephrolithotomy (PCNL) (Chapter 2.11). 
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The original description?* of the technique of endopyelotomy 
involved a cold knife under direct vision. With two guidewires in 
place across the PUJ, a direct vision ‘endopyelotome’ is used. This 
is a hook-shaped cold knife which can completely incise the full 
thickness of the PUJ from lumen out to periureteral and peripelvic 
fat. Extend the incision several millimetres into the normal ureter. 

Although a lateral incision is recommended, the ureter does 
sometimes insert into the renal pelvis on the anterior or poster- 
ior wall. In these cases, an anterior or posterior incision may be 
required, marsupializing the proximal ureter into the renal pelvis. 
The direct vision allows the crossing vessels to be seen and avoided. 

Following complete incision, place a 14/7 Fr endopyelotomy 
stent over the guidewire in an antegrade fashion. Position the large 
diameter end of the stent across the PUJ. If this stent is difficult 
to place, use a standard 8 Fr internal stent. Some authors recom- 
mend placing a nephrostomy tube for 24-48 hours, though tubeless 
percutaneous endopyelotomies have been reported.*? Place a Foley 
catheter initially to monitor active bleeding. 

Variations of this technique have been described. These include a 
stent first/hot knife technique.” This involves placing the stent in pos- 
ition first with the potential advantages of (i) obviating concern about 
avulsing the PUJ during stent placement after the endopyelotomy and 
(ii) better definition of the PUJ allowing more precise incision. 

Use a bugbee electrode or Collins knife on a 24 Fr resectoscope 
to marsupialize the proximal ureter into the renal pelvis. In high- 
insertion PUJ, extend the incision all the way to the dependent renal 
pelvis under vision. If stones are present, they should be removed 
prior to the endopyelotomy so that stone fragments do not migrate 
into the periureteral and pelvic tissues. Then leave the stent for four 
to six weeks, and the patient must avoid strenuous exercise for eight 
to ten days. The use of prophylactic antibiotics for the period of 
stenting is controversial. Follow-up involves repeat imaging (IVP 
and MAG3) at one month post stent removal and then 6, 12, and 
24 monthly. The duration and timing of imaging follow-up is con- 
troversial, but two years is a common period. 


Outcomes and complications 


Success rates range from 57-100% (mean 73.5%) with follow-up 
between 2-96 months.*4 More contemporary series report 85-90% 
success rates and these apply to both primary and secondary PUJ 
obstruction.45-47 

Complications are the same as those reported for percutaneous 
nephrolithotomy (Chapter 2.11). Haemorrhage is slightly less than 
with PCNL, possibly due to the thinner renal cortex experienced in 
PUJ obstruction. 


Open dismembered pyeloplasty 


Kuster described the first pyeloplasty in 1891.48 Fenger then applied 
the Heineke-Mickulicz principle to reconstruction of the PUJ.4? 
Schwyzer introduced flap techniques in 1923°° and these were suc- 
cessfully modified by Foley.>! Culp and DeWeerd reported their spiral 
flap in 1951,5% followed by the vertical flap of Scardino and Prince 
in 1953.5 In 1949, Anderson and Hynes described the dismembered 
pyeloplasty.*4 

The dismembered pyeloplasty is generally accepted as the treat- 
ment of choice. It can be universally applicable for repair of PUJ 
obstruction. It has the advantage of being applicable to high ureteral 
insertions as well as dependent. Reduction of the redundant pelvis 


or straightening of a lengthy or tortuous ureter. It also allows trans- 
position of the PUJ when crossing vessels are present. 

It has become clear with time that whichever technique is used, 
the anastomosis needs to be widely patent, watertight without ten- 
sion, and the reconstructed PUJ allows a funnel-shaped transition 
between pelvis and ureter with dependent drainage. 


Indications 

Symptomatic PUJ obstruction 
+ Urinary tract infections/stones 
+ Progressive renal deterioration 
+ Causal hypertension (rarely) 


+ Impaired renal function in a solitary kidney or bilateral disease 


Contraindications 
+ Lengthy or multiple proximal ureteral strictures 


+ PUJ obstruction in a small inaccessible intrarenal pelvis 


Immediate preoperative preparation 


¢ Informed consent—this should include surgeons’ results, ideally 
including success rates 


+ Patient side marked and signed by surgeon 
+ Patient imaging on screen in theatre 


+ Prophylactic antibiotics: gentamicin (3 mg/kg) plus cefuroxime 
(1.5 g) at induction 


+ Prophylactic heparinization: unfractionated heparin 5,000 inter- 
national units twice a day or fractionated heparin once a day 
until discharge. There is some controversy with regards to this 
approach as compressions boots may provide a similar level of 
protection against thrombosis with fewer haemorrhagic events 


Shave in theatres 


+ Initial cystoscopy, retrograde pyelogram, and JJ stent insertion (6 
Fr, 28 cm) on affected side. We prefer to do this as a final check 
for stones and stricture as this can alter the surgery required. The 
stent can be placed antegrade during the pyeloplasty, but we do 
it at cystoscopy to be certain of its position and to aid in ureteric 
identification in difficult cases during the pyeloplasty. The stent 
is 28 cm, as this allows the J at the renal end to lie well above the 
anastomosis and not potentially cantilever on it, leading to urine 
leak and loosening of sutures. A JJ stent is placed for dismem- 
bered pyeloplasty and all the flap techniques described below 


+ Catheterize patient—12-14 Ch catheter 


Patient positioning 

The retroperitoneal approach involves placing the patient in the 
flank position (lateral decubitus position) with the affected side 
upwards. Use a flank position with table broken so that lum- 
bar support is raised to maximum height. It is vital to carefully 
pad soft tissues and bony sites to minimize the risk of neuro- 
praxia, particularly the downside shoulder (axillary roll and 
posterior back support), hip, knee, and ankle (we prefer a pillow 
between the legs, buttock support posteriorly, and gel ankle sup- 
ports). Body warming devices and compression boots are also 
recommended. 


Operative technique 


Various incisions have been described, including an anterior extra- 
peritoneal and posterior lumbotomy. An anterior transperitoneal 
approach may also be of value when there have been previous flank 
incisions, or when bilateral PUJ obstructions exist. The retroperi- 
toneal approaches allow direct exposure to the PUJ with minimal 
mobilization of the renal pelvis and proximal ureter, and is our 
preferred route. 

Make a subcostal or supra twelfth rib incision. Cut the vari- 
ous muscle down to the retroperitoneum. Identify the proximal 
ureter lying on the psoas muscle and dissect it proximally to the 
renal pelvis. Care needs to be taken not to strip the periuereteral 
tissue as this may compromise the ureteric blood supply and a suc- 
cessful outcome. Place a stay suture in the ureter distal to the level 
of obstruction to aid with the anastomosis and orientation. Two 
stay sutures are then placed at the medial and lateral aspects of the 
dependent portions of the pelvis. Excise the pelviureteric junction 
and if the renal pelvis is particularly large, redundant pelvis can 
also be removed with the PUJ. Spatulate the lateral aspect of the 
ureter with Potts scissors. Bring the apex of the spatulated ureter to 
the inferior border of the lateral renal pelvis and bring the medial 
portion of the ureter to the superior edge of the pelvis. Perform the 
anastomosis with a fine interrupted or running suture such as 4-0 
vicryl. Place the suture full-thickness in a watertight fashion. 

If a crossing vessel is present at the PUJ, the dismembered pyelo- 
plasty can be transposed to the other side of the vessel. Lastly, place 
a 20 Fr Robinson drain in the renal bed. 

Postoperatively, remove the urinary catheter when the drain is 
dry and the drain 24 hours later if there has been no further drain- 
age. The JJ stent is removed via flexible cystoscopy at four weeks 
post-treatment and the first MAG3 renogram performed at three 
months. 


Other flap techniques 

Foley Y-V plasty 

This was originally designed for PUJ obstruction with high ureteric 
insertion. It is contraindicated when transposition is required and 
pelvic reduction is needed. 

Tissue mark a wide-based triangular or V-shaped flap. Position 
the base of the V on the dependent medial aspect of the renal pelvis 
and the apex at the pelviureteric junction. Carry the incision from 
the apex of the flap on to the lateral aspect of the ureter and extend 
distally beyhond the stenosis and several millimetres onto normal 
calibre ureter. The initial incision is with a scalpel and then devel- 
oped with Potts scissors. Bring the apex of the pelvic flap to the 
apex of ureteric incision distally and suture with 4-0 vicryl. Close 
the posterior and anterior walls with 4-0 vicryl interrupted sutures. 


Culp-DeWeerd spiral flap 

This technique is best suited to large extrarenal pelvis with the 
ureter inserted in the dependent position. It is best suited to a long 
segment of proximal ureteric narrowing/stricture. 

Outline the flap with a broad base situated obliquely on the 
dependent renal pelvis. The base needs to be lateral to the PUJ 
(between ureteric insertion and renal parenchyma) to preserve 
blood supply to the flap. The flap can be spiralled posterior to anter- 
ior or vice versa. The length of flap is determined by the length of 
ureter needed to be bridged, but the ratio of flap length to width 


CHAPTER 2.20 UPPER URINARY TRACT OBSTRUCTION 


should not exceed 3:1 to preserve vascular integrity. It is wise to 
outline the flap longer than what is perceived to be needed, as flap 
shrinkage tends to occur when the pelvis is incised. Any excess can 
be removed. Continue the medial aspect of the flap incision down 
the ureter beyhond the obstructed segment. Rotate the apex of the 
flap down to the apex of the ureterotomy and close the posterior 
and anterior walls with 4-0 vicryl interrupted sutures. 


Scardino-Prince vertical flap 

This has a limited use today for relatively long areas of proximal 
ureteral narrowing when the ureter is situated at the medial margin of 
a large box-shaped extrarenal pelvis. It cannot bridge the same gap as 
a spiral flap. The flap is similar to the spiral, except the base is situated 
more horizontally on the dependent aspect of the renal pelvis. Form 
the flap from straight incisions, which converge from the base verti- 
cally to the apex superiorly on the posterior or anterior aspect of the 
pelvis. The length of the flap is determined by the length of the ureter 
to be bridged. Continue the medial incision down the ureter bey- 
hond the stricture. Develop the flap with Potts scissors, rotated down, 
and sutured with a 4-0 vicryl interrupted to the inferior aspect of the 
ureterotomy. Then close the flap with 4-0 vicryl interrupted sutures. 


Outcomes and complications 

Mean success rates are 92.6% for dismembered pyeloplasty, and 
80.5% for flap techniques. Complication rates are low at 6%. Urinary 
leak is reported in 5-12.5%, infection in 1.5%, and ileus in 4.6%.°°->9 


Laparoscopic dismembered pyeloplasty 


Reconstructive techniques followed quickly after ablative proce- 
dures in urological laparoscopy. A variety of pyeloplasty techniques 
were initially described, although there now appears to be consen- 
sus that a dismembered pyeloplasty represents the technique of 
choice.60-66 Controversy still exists with respect to crossing vessels 
and the need for transposition. Laparoscopic pyeloplasty is now 
an accepted technique, with some authors stating it should be the 
standard of care in expert hands.® Both retro- and transperitoneal 
approaches have been described. 

Indications 

Symptomatic PUJ obstruction 

¢ Urinary tract infections/stones 

+ Progressive renal deterioration 

+ Causal hypertension (rarely) 


+ Impaired renal function in a solitary kidney or bilateral disease 


Relative contraindications 
+ Previous surgery 


Renal inflammation 


Immediate preoperative preparation 


+ Informed consent—this should include surgeons’ results, ideally 
including access injuries, success rates, and conversion rates 


+ Patient side marked and signed by surgeon 
+ Patient imaging on screen in theatre 


¢ Prophylactic antibiotics: gentamicin (3 mg/kg) plus cefuroxime 
(1.5 g) at induction 
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¢ Prophylactic heparinization: unfractionated heparin 5,000 inter- 
national units twice a day or fractionated heparin once a day 
until discharge. There is some controversy with regards to this 
approach, as compressions boots may provide a similar level of 
protection against thrombosis with fewer haemorrhagic events 


¢ Shave in theatres 


+ Initial cystoscopy, retrograde pyelogram and JJ stent insertion (6 
F, 28 cm) on affected side. We prefer to do this as a final check for 
stones and strictures, as this can alter the surgery required. The 
stent can be placed antegrade during laparoscopy, but we do it at 
cystoscopy to be certain of its position and aid in ureteric identi- 
fication in difficult cases during the laparoscopic pyeloplasty. The 
stent is 28 Fr as this allows the J at the renal end to lie well above 
the anastomosis and not potentially cantilever on it, leading to 
urine leak and loosening of sutures. The stent can be placed or 
changed (if one has been placed previously) during the laparo- 
scopic procedure being placed in an antegrade direction over a 
guidewire using the superior port 


+ Catheterize patient—12-14 Ch catheter 


Patient positioning 
¢ Transperitoneal and retroperitoneal approaches: As per laparo- 
scopic simple nephrectomy 


Operative technique 


(i) Transperitoneal: The initial port placement and dissection is 
the same as for transperitoneal simple nephrectomy, except an 
11 cm port replaces the 12 cm port. The proximal ureter is 
identified lying on psoas with the gonadal vein in close prox- 
imity. The proximal ureter is dissected out, being careful not 
to skin it too much and risk devascularization. The dissection 
continues proximally to the pelviureteric junction and the 
pelvis. If a crossing vessel is seen, it will normally lie on the 
medial aspect of the pelviureteric junction. We prefer to trans- 
pose the pelvis and ureter if a vessel is found, and if this is the 
case, the crossing vessel needs to be dissected out and freed off 
the peripelvic tissue. The pelvis also needs to be mobilized to 
allow a tension-free anastomosis. The pelviureteric junction 
is then incised carefully avoiding cutting the stent. The pel- 
vis and ureter are spatulated at opposing sides. Pelvic reduc- 
tion can be performed, though is not absolutely necessary. The 
pelvis and ureter are transposed and an interrupted 3 mg/kg 
vicryl anastomosis performed intracorporeally. We prefer this 
to a running suture, which is potentially more ischaemic and 
if the suture loosens the whole anastomosis can be affected. 


The operative site is irrigated with normal saline and a tube drain 
placed to lie close to but not on the anastomosis and brought out 
via one of the port sites. Wound closure is as per simple nephrec- 
tomy and we remove the catheter on day 2 postoperatively. If there 
is no further significant drainage from the tube drain in the next 24 
hours, this is removed on day 3, the day of discharge. 

Patient returns for a flexible cystoscopy and removal of the JJ 
stent four weeks postoperatively. A MAG3 renogram is performed 
three months postoperatively. 


(ii) Retroperitoneal: The initial port placement and dissection is 
the same as for retroperitoneal simple nephrectomy except 
an 11 cm port replaces the 12 cm port. The Gerota fascia is 


opened near psoas transversely. The cut upper leaflet of Gerota 
is retracted superiorly using a fan retractor and the perinephric 
fat is swept superiorly and inferiorly to reveal the kidney. The 
lower pole of the kidney is mobilized and then retracted super- 
iorly. The tissue lying inferior to the lower pole is then dissected 
carefully by blunt dissection, revealing the renal pelvis and 
ureter. The same steps as per the transperitoneal approach are 
followed at this stage with the same postoperative care. 


Outcomes and complications 


Complication rates are low at 5%. Conversion rates are around 5%, 
though appear to improve with experience. Success rates based on 
symptoms and renograms postoperatively are around 94%, com- 
parable with open pyeloplasty results. Mean duration of surgery is 
two and a half hours and mean hospital stay is three days. These 
results are all comparable with open pyeloplasty and certainly pro- 
vide a better cosmetic outcome. Transposition adds 30 minutes to 
the procedure and there appears to be no significant differences 
related to the approach. This is however a relatively difficult proced- 
ure laparoscopically and it is not presently clear how reproducible 
the initial results from centres of excellence are.60-66 

In the elderly, with or without significant co-morbidity, who are 
experiencing significant complications from their PUJ obstruc- 
tion, a JJ stent may be an accepted alternative treatment. This can 
be done under local anaesthetic, although requires six-monthly 
changes. Poorly functioning renal units (probably <15%) will be 
best served with nephrectomy. 

Pyeloplasty (open/laparoscopic or robotic) has the highest success 
rates and is considered the gold standard. It is the procedure of choice 
in patients with gross hydronephrosis, reduced split renal function in 
the affected kidney, and failed endourological procedures. However, 
minimally invasive procedures should be offered and have signifi- 
cantly reduced hospital stay and postoperative recovery. 


Management of ureteric strictures 


Ureteral strictures are relatively rare and occur in a number of 
benign and malignant conditions: 


+ Congenital 

+ Infection (e.g. tuberculosis, schistosomiasis) 

Iatrogenic (e.g. ueteroscopy, gynaecological, or other pelvic surgery) 
+ Radiation 

+ Malignancy 


Stones 


Symptom 
+ Loin pain 
+ UTIs 


+ Asymptomatic (incidental imaging finding) 


Investigations 
+ U&Es 
¢ IVP/retrograde pyelogram or computed tomography urography 


(CTU) can define the site and length of the ureteral stricture. 
CTU will also delineate the anatomy 


+ Ureteroscopy with biopsy should be performed where aetiology 
of the stricture is uncertain 


+ MAG3 renogram will provide split renal function and confirm 
obstruction. This is important, as the endourological treatments 
for stricture disease generally need a minimum 25% split func- 
tion of the affected side to have reasonable success rates®” 


Indications for intervention 
Need to rule out malignancy 

+ Pain associated with obstruction 
+ Impairment of renal function 

+ Recurrent UTIs/pyelonephritis 


Ureteric strictures are an uncommon cause of acute obstructive 
uropathy with the exception of surgical ligatures. They tend to 
develop slowly, causing chronic obstructive uropathy. 

Not all these require surgical intervention. In dealing with 
ureteral strictures, it is helpful to divide the ureter into proximal, 
mid, and distal parts. Most strictures occur in the distal ureter due 
to iatrogenic, malignant, and infective causes. 

Nephrostomies or JJ stents can be used both palliatively (i.e. to 
relieve symptoms) and restore renal function or therapeutically. 
Therapeutically JJ stents can be used to intubate ureters that have 
been ligated during other pelvic surgery. The injury has not been 
recognized during the pelvic surgery and only becomes evident 
postoperatively. JJ stenting will be therapeutically successful in 50% 
of cases. 

Nephrostomy tracts can be used therapeutically as part of an 
antegrade approach to a ureteral stricture. Three endoscopic tech- 
niques exist to treat ureteral strictures: catheter dilatation, balloon 
dilatation, and endoincision. These techniques are the same as for 
the retrograde approach described for PUJ obstruction earlier. 
Most strictures occur in the distal ureter during endoscopic or pel- 
vic surgery. 

The first end-to-end anastomosis of a divided ureter was 
described in 1885 by Tauffer. Boree reported cutting the 
ureteric ends obliquely to reduce the chance of stenosis. 
Transureteroureterostomy was performed in this same time period 
also. Boari described his bladder flap operation in 189468 and 
ureterointestinal anastomosis was performed by Sir John Simon 
in 1852. The psoas hitch was popularized by Turner-Warwick 
and Worth in 1969.°° Endoscopic procedures to treat or palliate 
ureteric strictures have been a very recent development and are 
still undergoing scrutiny. 


Conservative management 


Specific mention needs to be made of infective causes of ureteric 
strictures due to tuberculosis and schistosomiasis. In both of 
these cases, chemotherapy may suffice. The disease needs to be 
treated when inflammation and oedema rather than fibrosis is 
present. 

With tuberculosis, the lower third of the ureter is most com- 
monly affected. Anti-tuberculous treatment is initiated and weekly 
full shot IVUs are performed. If there is no improvement after 
four weeks, prednisolone is added to the regimen. If no further 
improvement is seen in the subsequent four weeks, surgical inter- 
vention is required. An alternative approach to this is to place a 
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JJ stent in combination with the chemotherapy. This may improve 
outcomes, both in terms of initial success but also subsequent sur- 
gery if chemotherapy fails.” 

Ureteric strictures occur in 25% of cases of urinary schistosom- 
iasis, with 80% of these strictures being in the lower third of the 
ureter. Medical treatment is the initial approach with or without a 
JJ stent, and if this fails, surgical intervention. 


Endoscopic techniques 


Four general endosurgical techniques exist for treating ureteral 
strictures: JJ stent insertion, catheter dilatation, balloon dilatation, 
and endoincision.7!}72 


Indications 
Benign ureteric strictures <1 cm 


+ Palliation of malignant ureteric strictures <1 cm73-76 


Contraindications 
+ Stricture length >1 cm7375.76 


Relative contraindications 
+ Ischaemic or radiation-induced strictures 


e Mid-ureteric location737477:78 


Immediate preoperative preparation 


+ Informed consent—this should include surgeons’ results and 
possible need to do an open surgical repair 


+ Preoperative urine cultures checked—control bacteriuria for 
3-5 days preop 


+ Patient side marked and signed by surgeon 
+ Patient imaging on screen in theatre 


+ Prophylactic intravenous antibiotics: gentamicin (3 mg/kg) plus 
cefuroxime (1.5 g) 


+ Prophylactic TED stockings and compression boots 


+ C-arm in theatre with radiation protection gowns for use 


Patient positioning 
+ Dorsal lithotomy with legs in supports 


Operative technique 


The first step is to pass a guidewire beyhond the stricture with the 
tip placed into the kidney under fluoroscopic guidance. A terumo 
(0.035 inch) guidewire is usually the easiest to place, as its hydro- 
philic coating facilitates passage through the stricture. Then place 
an open-ended ureteral catheter (5 Fr) over the wire and exchange 
the terumo for a stiffer guidewire, such as a Bentson or Amplatz 
superstiff. 

In cases where a suture has been tied around the ureter, if a 
ureteric stent can be placed this can be definitive treatment and 
should be left for three months. Following removal, an IVU should 
be performed four weeks later and if normal, three months on.” 

For all other cases, catheter or balloon dilatation or retrograde 
incision via a ureteroscopic or fluoroscopic approach can be 
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performed. Retrogradely, these techniques are similar for those 
described for PUJ obstruction. 

Similarly, a percutaneous approach to upper or mid-ureteric 
strictures can be performed following the same description of 
an antegrade endopyelotomy. The incision in the mid-ureter 
is made laterally, except over the iliac vessels where it is placed 
anteromedially. 

An endoincision also uses the same modalities as endopyelotomy, 
such as cold knife, endosurgical probe, or laser (Nd:YAG, KTP, or 
Ho:YAG). The incision needs to be full-thickness. Retroperitoneal 
fat will be seen usually in the upper, mid, and proximal distal ureter. 
Retroperitoneal fat may not be seen in marked fibrosis and if the 
periureteric fat has been seen, no further incision should be made 
due to the risk of haemorrhage. 

Then place a stent (14 Fr nephrostent, 7 or 8 Fr double pigtail, 
or 10 Fr nephrostomy (for antegrade approach)). Leave a ureth- 
ral catheter in situ for 24-36 hours. If a nephrostomy is in place, 
perform a nephrostogram after 48 hours and cap the nephrostent. 
Remove the nephrostent or internal JJ stents after four to six weeks. 

If the stricture has caused complete obstruction, it will not be 
possible to perform a retrograde approach as neither a guidewire or 
contrast will pass.8°8! The limits of the stricture need to be ascer- 
tained from a combined nephrostogram and retrograde uretero- 
gram. If the occlusion is <1 cm an endosurgical approach can be 
tried, but if >1 cm then open surgery is recommended.*! 

If the complete obstruction is in the proximal or middle ureter, 
the technique described for approaching the completely obstructed 
PUJ is followed. The indwelling stent should be left for 12 weeks.®! 

If the distal ureter is the site of complete obstruction, place a 
nephrostomy tube. A purely fluoroscopic or combined fluoroscopy 
and endoscopic incision can then be followed. 

In the fluoroscopic approach, introduce a stiff guidewire via the 
nephrostomy antegrade to the proximal level of the stricture. Fill 
the bladder with contrast. Use the C-arm to position the guidewire 
tip, pointing directly at the bladder in both anteroposterior and 
lateral views. 

Introduce a cystoscope and forcibly advance the guidewire into 
the bladder. Once the guidewire enters the bladder, grasp it, and 
bring it out through the urethral meatus. Pass a 4-8 mm balloon 
dilator antegrade into the stricture and dilate for 10 minutes. Then 
place either a nephrostent or an indwelling ureteric stent with a 
nephrostomy. If a nephrostomy is placed, a nephrostogram is per- 
formed on day 3 after surgery and removed if no extravasation is 
seen. The stents are left for 6-12 weeks. 

The second option is to place an antegrade guidewire to the prox- 
imal level of the stricture, followed by a flexible ureteroscope over 
the wire. Introduce a resectoscope with a Collings knife attached, or 
an optical urethrotome urethrally. Position the cystoscope so it lies 
next to the flexible ureteroscope using the C-arm. 

Turn off the cystoscope light and theatre lights and make the 
incision to the bright light coming from the ureteroscope. Once 
the ureteroscope is uncovered, retrieve the guidewire, and place a 
nephrostent or indwelling stent, plus nephrostomy and a urethral 
catheter left in situ. 

Ifa nephrostomy is placed, a nephrostogram is performed on day 
3 after surgery and removed if no extravasation. If perivesical fat is 
seen at the time of incision, a cystogram is performed at 7-10 days 
and the catheter removed if no leak is seen. The urethral catheter 


is removed on day 2 after surgery otherwise. The stent remains in 
place for 4-6 weeks.®? 

An alternative for totally obstructed ureters if the above fail is a 
nephrovesical stent.8? This involves inserting one end of the stent 
in the renal pelvis via a percutaneous nephrostomy puncture. The 
body of the stent is then tunnelled subcutaneously towards the 
bladder. The distal end of the stent is then placed into the bladder 
via a percutaneous puncture. The stent needs to be changed every 
four months using a combined cystoscopic and percutaneous cut- 
down technique. 


Outcomes and complications 


Ureteric stent insertion for ligatures will succeed in 50% of patients, 
while balloon dilatation is successful in 55% (range 45-80) of cases. 
Endoureterotomy has been reported to achieve patency in 70% 
(range 55-80). The wide variability is down to differences in tech- 
nique, data collection, and type of stricture. However, the length 
of stricture is the most important determinant, with those >1 cm 
rarely responding to an endosurgical approach. Ischaemic stric- 
tures (40% success) do less well than non-ischaemic ones (58% 
success). 

Strictures in the upper and lower ureter that can be marsupialized 
at their upper border into the renal pelvis or bladder, respectively, 
do better tha mid-ureteric and those bounded by normal ureter on 
either end, 80% versus 25%. The duration of the stricture has not 
been shown to clearly influence the outcome.’°-84 

Metallic stents have also been used to treat unfavourable ureteric 
strictures. Numerous stents have been described: Wallstents, 
Palmer-Schatz, Accuflex, Memokath. The first three are meshed 
stents which allow urothelial ingrowth and are incorporated into 
the ureter. If complications occur their removal is often impossible. 


Management of retroperitoneal fibrosis 


First described in 1905 by Albarran,® in this rare condition sheets 
or plaques of collagenous fibrous tissue are deposited on the poster- 
ior abdominal wall. The fibrosis can trap the ureters, compressing 
them and pulling them medially. The ureteric wall cannot stretch 
due to the fibrosis which prevents urine bolus transmission and 
leads to subsequent upper tract obstruction. Men are affected twice 
as often as women, with a mean age of presentation at 50-60 years. 


Causes 

+ Idiopathic (two-thirds of cases) 

+ Inflammatory aortic aneurysms (15%) 
+ Intraperitoneal sepsis 


+ Drugs (e.g. beta-blockers), ergot (methysergide, LSD), chemo- 
therapy, analgesics, dopamine agonists 


+ Urinary extravasation 

+ Haemorrhage 

+ Trauma 

+ Radiation 

+ Inflammatory bowel disease 
+ Collagen disorders 


+ Fat necrosis 


+ Malignancy (e.g. carcinoid, Hodgkins/non-Hodgkins lymph- 
oma, sarcomas, carcinomas of colon, prostate, breast, stomach) 


+ Infection (e.g. tuberculosis, histoplasmosis, actinomycosis) 


+ Surgery (e.g. lymphadenectomy, colectomy, hysterectomy, aortic 
aneurysmectomy) 


Treatment is usually surgical to relieve ureteral obstruction except 
with inflammatory aneurysms, where corticosteroids may be indi- 
cated as first-line treatment. Patients with significant renal impair- 
ment benefit from drainage of the upper urinary tracts, either with 
JJ stents or nephrostomy. This should be performed prior to defini- 
tive surgery as it will improve renal function, fluid and electrolyte 
balance, and acid-base balance. 


Indications 


+ Retroperitoneal fibrosis due to all causes other than inflamma- 
tory aortic aneurysms and malignancy, where stenting and treat- 
ment of the malignancy is first line 


+ Failed medical treatment of retroperitoneal fibrosis 


Relative contraindications 


+ Retroperitoneal fibrosis secondary to inflammatory aortic 
aneurysms 


+ Elderly or debilitated patients 


Immediate preoperative preparation 


¢ Informed consent—this should include surgeons’ results, ideally 
including access injuries, transfusion rates, and conversion rates 


+ Patient side marked and signed by surgeon 
+ Patient imaging on screen in theatre 


¢ Prophylactic intravenous antibiotics: cefuroxime (1.5 g) at 
induction 


+ Prophylactic heparinization: unfractionated heparin 5,000 inter- 
national units twice a day or fractionated heparin once a day 
until discharge; plus TED stockings and compression boots 
intraoperatively 


+ Abdominal shave in theatres 


+ Catheterize patient—12-14 Ch catheter 


Patient positioning 


+ Supine 


Operative technique 

The principles of surgery are threefold: 
+ Ureterolysis 

+ Lateralization 

+ Omental wrapping 


If JJ stent(s) have not been previously placed, they should be at the 
beginning of surgery. They will help to protect and identify the 
ureter(s) during ureterolysis. 

Although the fibrotic process may present with unilateral 
obstruction, it is recommended that bilateral procedures are per- 
formed, as later involvement of the contralateral ureter is almost 
inevitable. 
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First, make a midline laparotomy incision. Incise the posterior 
peritoneum in the midline between the duodenum and the inferior 
mesenteric vein, and develop flaps of posterior peritoneum expos- 
ing both ureters in the retroperitoneum. It is usually easiest to iden- 
tify the ureters proximally where they are dilated and may not be 
encased in the fibrous plaque. Alternatively, mobilize the ascend- 
ing and descending colons and sweep medially. Incise the posterior 
peritoneum over the ureters and dissect off the ureters medially. 

Ureterolysis is then performed. It is relatively straightforward 
once the correct plane is found. An initial sharp dissection is often 
required to enter this plane, but following this, blunt dissection 
frees up the ureter. Perform this along the whole of the involved 
segment. Biopsy the fibrous tissue for histological assessment. 

Once the ureters are completely lysed, they can be managed 
in one of several ways. Either (i) transplanted intraperitoneally; 
(ii) transposed laterally and retroperitoneal fat interposed between 
the ureters and the fibrosis; or (iii) wrapped in omental fat. 

In (i), the freed ureter is brought anterior to the posterior peri- 
toneal flap. The flap is then tacked laterally onto psoas or the lateral 
abdominal side wall so the ureters now lie intraperitoneally. 

With (ii), retroperitoneal fat is interposed between ureter and the 
fibrotic plaque. 

The omental wrap (iii) involves four steps.*° Firstly, liberate the 
hepatic and splenic flexures by dividing the hepatocolic and sple- 
nocolic ligaments and fully mobilize the ascending and descend- 
ing colons medially. With the second step, detach the greater 
omentum from the transverse colon along its bloodless line of 
adhesion. Thirdly, divide the omentum in the midline and free 
each half from the greater curvature of the stomach by dividing 
some of the short gastric vessels on either side of the midline. The 
right half of the omentum receives its arterial blood supply from 
the gastroepiploic branch of the pancreaticoduodenal artery and 
the left side by the middle colic artery. Wrap the omental flaps 
completely around each ureter, extending from the hilum of the 
kidney to the point where the ureter crosses the common iliac 
artery. 

The fibrosis can invade the ureter, though usually only a short 
segment is involved. Resection of the ureter and ureteroureteros- 
tomy is necessary, or if extensive ureteral invasion is present, an 
ileal ureter may be required. 


Outcomes 

Recurrent obstruction is reported in 10-50% of cases.87-% 
Development of obstruction in the apparently uninvolved kid- 
ney in unilateral obstruction occurs in 20-40%.8788 Mortality is 
between 5-28% in some series, however many of these occur years 
after surgery and appear to be related to age, the degree of renal 
impairment preoperatively, and co-morbidity.®” Ureteric leak is 
seen in 14-17%,88-®9 intestinal obstruction in up to 14%,®! ileus in 
6%,82 recurrent UTI in 17%,®2 aortic thrombosis in 6%,82 wound 
infection in 11%, and deep vein thrombosis in 10-11%.8*.89 


Ureteric reimplantation 

Various open surgical techniques to treat ureteral strictures have 
been described and which is adopted depends on the position 
and length of ureteric defect to be bridged, but intraoperative 
flexibility is required. Ureteric reimplantation can also be used 
for distal ureteric injuries either occurring intraoperatively or 
secondary to trauma, or for distal ureteric tumours following 
local excision. 
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Ureteroureterostomy 

This technique can only be used for short defects, as tension on 
the anastomosis will nearly always lead to an anastomotic stricture. 
The determination of whether adequate mobility can be achieved is 
often only possible intraoperatively. 


Indications 


+ Ureteric stricture <2-3 cm in upper/mid-ureter??~?! 


Contraindications 
+ Ureteric strictures >3 cm 


+ Lower third ureteric stricture?! 


Immediate preoperative preparation 
¢ Informed consent 

+ Patient side marked and signed by surgeon 
+ Patient imaging on screen in theatre 


+ Prophylactic intravenous antibiotics: Cefuroxime (1.5 g) plus 
gentimicin (3 mg/kg) at induction 


+ Prophylactic heparinization: unfractionated heparin 5,000 inter- 
national units twice a day or fractionated heparin once a day 
until discharge, plus TED stockings and compression boots 
intraoperatively 


+ Abdominal shave in theatres 


+ Catheterize patient—12-14 Ch catheter 


Patient positioning 
¢ Lateral (loin incision, upper ureter), supine (Gibson incision, 
mid-ureter). 


Upper ureter 


Operative technique 


A subcostal incision is made. Skin, connective tissue, and muscle 
layers opened as previously discussed. 

Develop the retroperitoneal space with the peritoneum mobi- 
lized and retracted medially. The ureter is attached to the posterior 
peritoneum and is usually most easily identified as it crosses the 
common iliac vessels. Mobilize the ureter using a right angle. Care 
needs to be taken to preserve the adventitia, which loosely attaches 
the blood supply to the ureter. The ureter is mobilized as the clin- 
ical setting dictates, and this equates to avoiding tension on the 
anastomosis once the strictured area has been excised. Minimal 
handling of the ureter with non-toothed forceps is recommended. 
Correctly orientate the ureter and then spatulate the two ends 
for 5-6 mm. Perform the spatulation in both ureteral ends at 180 
degrees to each other. Place a 4-0 vicryl suture in the corner of one 
ureteral segment and the apex of the other. Suture the opposite 
corner and apex similarly. Run interrupted sutures up each side 
of the anastomosis. Place a JJ stent before completion of closure 
(methylene blue is put into the bladder via the catheter and visu- 
alization of the refluxing methylene blue at the anastomotic site 
indicates correct positioning of the stent in the bladder). Mobilize 
retroperitoneal fat or omentum to surround the anastomosis. 
Place a 20 Fr Robinson drain close but not over the anastomosis. 
The Foley catheter can usually be removed after 1-2 days. 


Then remove the drain can when there has been 24—48 hours 
of minimal drainage (<50 mL) post catheter removal. If drainage 
persists, the fluid should be sent for creatinine assessment which 
will determine if it is urine or serous fluid. Finally, endoscopically 
remove the JJ stent via a flexible cystoscope at four weeks. 


Outcomes 
Success rates are 90%°*—fistula have been reported in up to 4%. 


Ureteroneocystostomy 


Indications 
 Ureteric stricture <4—5 cm in lower ureter 


+ Lower third ureteric injuries <5 cm from bladder due to intra- 
operative injury or trauma”?! 


+ Laparoscopic and robotic approaches have been described for 
these procedures 


Contraindications 


+ Lower ureteric strictures >5 cm?! 


Immediate preoperative preparation 
+ Informed consent 

+ Patient side marked and signed by surgeon 
+ Patient imaging on screen in theatre 


+ Prophylactic intravenous antibiotics: Cefuroxime (1.5 g) plus 
gentimicin (3 mg/kg) at induction 


¢ Prophylactic heparinization: unfractionated heparin 5,000 inter- 
national units twice a day or fractionated heparin oncea day until dis- 
charge, plus TED stockings and compression boots intraoperatively 


+ Abdominal shave in theatres 


+ Catheterize patient—12-14 Ch catheter 


Patient positioning 


+ Supine 


Operative technique 


This involves an extravesical Lich-Gregoire reimplantation®>.*° via a 
lower midline or Pfannensteil incision. An extraperitoneal approach 
is adopted ideally. Identify the ureter as it crosses the common iliac 
arteries and proximally mobilize. Take care not to skeletonize the 
ureter and thereby preserving its adventitia and blood supply. Excise 
the affected length of ureter. Perfom a direct ureteroneocystostomy 
if a tension-free anastomosis is possible. Fill the bladder with saline 
via the catheter until it is moderately full. Dissect the peritoneum off 
the posterior aspect of the bladder where implantation is intended. 
Preserve major blood vessels (e.g. superior vesical artery) dur- 
ing perivesical dissection. Open the serosal and muscular layers of 
the detrusor along a straight course cephalad to the ureterovesical 
junction and the opening continued through the bladder mucosa. 
Placement in the more mobile lateral bladder wall is discouraged, as 
this may result in ureteral kinking. It is not necessary to tunnel the 
ureter and the ureter is placed intraluminally. JJ stents are controver- 
sial, but Foley catheters are placed urethrally. The detrusor is then 
closed over the ureter with 3-0 PDS or vicryl sutures. A 20 Robinson 


drain is placed in the perivesical space, and the Foley catheter is 
removed at 7-10 days and JJ stent at 6-8 weeks if placed. 


Outcomes 


Incidence of complications after the repair of an iatrogenically injured 
ureter is not reported. Complication rates after repair of traumatic 
injuries is 25%.°?-*© Prolonged leakage at the anastomosis is the com- 
monest genitourinary complication, presenting as urinoma, abscess, 
or peritonitis. Drain placement at the time of surgery minimizes this 
risk and allows its earlier identification. Delayed complications include 
ureteral stricture and retained ureteral stent leading to stone formation. 


Ureteroneocystotomy plus psoas hitch 

This procedure was first described by Zimmerman et al. in 1960.97 
It has the advantage of maintaining urothelial continuity. It also 
avoids compromising the function of a normal contralateral ureter 
and avoids the risks of chronic urinary tract infections and electro- 
lyte abnormalities, problems associated with transureteroureteros- 
tomy and ileal substitution, respectively. 


Indications 


+ Ureteric stricture <6-10 cm in lower ureter?®?! (up to pelvic 
brim generally) 


+ Lower third ureteric injuries <10 cm from bladder due to intra- 
operative injury or trauma 


+ Distal ureteral fistulas 
Distal ureteric tumours 


+ Failed ureteroneocystostomy”?! 


Contraindications 
+ Lower ureteric strictures >10 cm 


+ Small, contracted bladder?! 


Operative technique 


The initial operative preparation and patient position is the same as 
for a neocystostomy. Make a lower midline or Pfannensteil incision. 
Develop the space of Retzius and mobilize the bladder, dividing 
the contralateral obliterated umbilical artery, freeing the periton- 
eal attachments, and dividing the vas deferens or round ligaments. 
This will usually provide adequate bladder mobility to bridge the 
ureteral defect, but if not, the urachus, ipsilateral obliterated umbil- 
ical artery, and superior vesical artery can also be divided. 

Identify the affected ureter is as it crosses the iliac vessels and mobil- 
ize it down to the diseased segment. Divide the ureter just proximal to 
the diseased segment. Place a fine stay suture on the normal proximal 
ureter. Fill the bladder with 200 mL normal saline and then enter the 
bladder via an anterior or oblique anterior cystotomy. Place the sur- 
geon’s finger directly into the bladder, advancing the ipsilateral blad- 
der to the psoas muscle. Fix the bladder to the psoas tendon using two 
to four zero PDS sutures. The sutures are placed vertically to avoid 
injury to the genitofemoral nerve and not too deep, to avoid branches 
of the femoral nerve. The bladder is fixed prior to the reimplantation 
to avoid kinks in the distal ureter. Then reimplant the ureter using 
either a non-refluxing submucosal tunnel or a refluxing-type direct 
reanastomosis. Place a JJ stent and close the bladder with full-thick- 
ness running 20 vicryl sutures. A 20 F Robinson drain is placed in the 
perivesical space. Lastly, remove the JJ stent at 7-14 days. 
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Outcomes 


Success rates are >95%. The commonest complications are urinary 
fistulas and ureteral obstruction. A direct refluxing anastomosis 
does not appear to carry greater complications when compared to 
non-refluxing. 


Ureteroneocystotomy plus Boari flap 

First described by Boari in 1894, this technique is required for lower 
ureteric strictures between 125 cm long”?! or to bridge lower 
ureteric defects 10-15 cm long. A spiralled Boari flap can reach the 
renal pelvis in some circumstances. Bladder outlet obstruction and 
neurogenic dysfunction should ideally be addressed preoperatively. 


Indications 


+ Ureteric stricture <15 cm in lower and mid-ureter??! 


+ Lower third ureteric injuries <15 cm from bladder due to intra- 
operative injury or trauma 


+ Distal ureteral fistulas 


+ Distal ureteric tumours 


Contraindications 
+ Lower and mid-ureteric strictures >15 cm 


+ Small, contracted bladder?! 


Operative technique 


‘The initial operative preparation and patient position is the same 
as for a neocystostomy. Make a lower midline or Pfannensteil inci- 
sion. A midline incision however allows easier access to the upper 
ureter. Develop the space of Retzius and mobilize the bladder, 
dividing the umbilical ligaments, freeing the peritoneal attach- 
ments, and dividing the vas deferens or round ligaments and 
contralateral superior vesical artery. Mobilize the upper ureter 
down to the diseased or injured portion taking care to preserve 
the adventitia. 

Identify the ipsilateral superior vesical artery or one of its 
branches as the posterolateral bladder flap is outlined based on this 
vessel. Fill the bladder with 200 mL normal saline. 

Mark out the base of the flap at least 4 cm in width. Continue 
the flap obliquely across the anterior bladder wall with the tip of 
the flap being at least 3 cm in width. The flap length should equal 
the estimated ureteral defect plus 3-4 cm if a non-refluxing anasto- 
mosis is desired. An open-ended ureteric catheter can be placed in 
the contralateral ureter at this point to protect it during the surgery 
and removed prior to closing the bladder. 

Secure the distal end of the flap to the psoas minor tendon or 
psoas major muscle with two to four 20 vicryl sutures. Deliver the 
ureter through the posterior flap and spatulate anteriorly. Perform 
a standard mucosa to mucosa anastomosis with interrupted 4-0 
vicryl, making sure there is no tension. Some authors propose 
routine placement of a JJ stent in the affected ureter, though this 
remains controversial.® The flap is then rolled anteriorly and closed 
using a continuous 2-0 vicryl suture. The ureteral adventitia can be 
secured to the distal aspect of the flap with 4-0 vicryl and the base 
of the flap secured to the psoas with 3-0 vicryl. Close the bladder 
in one or two layers with 2-0 vicryl. The bladder is drained with a 
urethral catheter. A Robinson or similar drain is placed in the pelvis 
adjacent to the Boari flap. 
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A cystogram is performed two weeks postoperatively and if the 
bladder is healed, the urethral catheter can be removed. 


Outcomes 


Successful outcomes are seen in 85% of patients. Recurrent 
stricture formation is the commonest complication (A tun- 
nelled and cuff anastomosis rather than an end-to-end 
anastomosis reduces this complication significantly). Early com- 
plications of wound and urinary sepsis occur in 20% and 10%, 
respectively.°8- 100 


Repair of ureterocoele 

Ureterocoeles are cystic dilatation of the terminal ureter. They 
occur more frequently in females (4:1) and almost exclusively in 
whites; 10% are bilateral and 80% arise from upper poles of dupli- 
cated systems. Single system ureterocoeles (often referred to as sim- 
ple ureterocoeles) are usually seen in adults and tend not to have 
the severe obstructive and dysplastic problems associated with 
duplex systems. They can however be complicated by stones and 
infection. Under these circumstances, surgery may be required, and 
for single system intravesical ureterocoeles, this can be achieved 
endoscopically. 


Indications 


+ Single system intravesical ureterocoeles!®! 
gle sy: 


Relative contraindications 
There is continuing controversy with regards to 
+ Ectopic ureterocoeles 


+ Duplex collecting systems!°! 


Operative technique 


The initial operative preparation and patient position is the same 
as for a cystoscopy. The bladder is assessed cystoscopically. The 
ureterocoele is (i) incised or (ii) punctured. Keep the bladder 
relatively empty. 


(i) Make a transverse full-thickness incision distally on the uret- 
erocoele as close to the bladder as possible without rupturing 
the bladder. A Collins knife, cold knife, or metal stylet of a 
ureteral catheter can be used. If a Collins knife is used, set the 
cautery to cutting at 150 watts. 


(ii) Perform the puncture with a 3 Fr Bugbee electrode. Set the 
cutting current to 150 watts. Place the Bugbee electrode low 
on the front ureterocoele wall and puncture. Apply flank 
pressure to visualize urine efflux post puncture, confirming 
adequate drainage. 


Successful decompression of the upper tract can be docu- 
mented by a kidney, ureter, and bladder ultrasound one month 
postoperatively. 


Outcomes 


No data is available from adult endoscopic incision. Data from 
paediatric series show reoperation rates of 0-100% for all cases of 
endoscopic incision/puncture. For intravesical single systems, the 
rates are lower (7-50%) than for ectopic ureterocoeles. Successful 
decompression is common (94%) and the incidence of recurrent 
urinary tract infections appears to be reduced.!0!-!03 


Further reading 


Cendron M, Sant GR, Klauber GT. Ureteral pathophysiology. (pp. 61-92) 
In: Pathophysiologic Principles of Urology. Oxford, UK: Blackwell 
Scientific Publications, 1996. 

O'Reilly PH. Standardization of the renogram technique for investigating 
the dilated upper urinary tract and assessing the results of surgery. BJU 
Int 2003; 91(3):239-43. 

Reynard J, Mark S, Turner K, Armenakas N, Feneley M, Sullivan M. 
Laparoscopic urological surgery and Surgery for upper tract 
obstruction and other ureteric surgery. In: Reynard J, Mark S, Turner 
K, Armenakas N, Feneley M, Sullivan M (eds). Urological Surgery. 
Oxford, UK: Oxford University Press, 2010. 

Whitaker RH, Buxton-Thomas MS. A comparison of pressure flow studies 
and renography in equivocal upper urinary tract obstruction. J Urol 
1984, 131:446-9. 


References 


1. Cendron M, Sant GR, Klauber GT. Ureteral pathophysiology. (pp. 61- 
92) In: Pathophysiologic Principles of Urology. Oxford, UK: Blackwell 
Scientific Publications, 1996. 

2. Moody TE, Vaughn ED, Gillenwater JY. Relationship between renal 
blood flow and ureteral pressure during 18 hours of total unilateral 
uretheral occlusion. Implications for changing sites of increased renal 
resistance. Invest Urol 1975; 13(3):246-51. 

3. Vaughan ED Jr, Gillenwater JY. Recovery following complete chronic 
unilateral ureteral occlusion: Functional, radiographic and pathologic 
alterations. J Urol 1971; 106:27-35. 

4. Leahy AL, Ryan PC, McEntee GM, et al. Renal injury and recovery in 
partial ureteric obstruction. J Urol 1989; 142:199-203. 

5. Laing FC, Jeffrey RB jr, Wing VW. Ultrasound vs excretory urography 
in evaluating acute flank pain. Radiology 1985; 154:613-6. 

6. Tublin ME, Bude RO, Platt JF. Review. The resistive index in renal 
Doppler sonography: where do we stand? AJR Am J Roentgenology 
2003; 180(4):885-92. 

7. Whitaker RH, Buxton-Thomas MS. A comparison of pressure flow 
studies and renography in equivocal upper urinary tract obstruction. 

J Urol 1984, 131:446-9. 

8. OReilly PH. Standardization of the renogram technique for 
investigating the dilated upper urinary tract and assessing the results of 
surgery. BJU Int 2003; 91(3):239-43. 

9. Smith RC, Verga M, McCarthy S, Rosenfield AT. Diagnosis of acute 
flank pain: value of unenhanced helical CT. AJR Am J Roentgenol 1996; 
166(1):97-101. 

10. El-Nahas AR, Abou-El-Ghar M, Shoma AM, et al. Role of multiphasic 
helical CT in planning surgical treatment for pelvi-ureteric junction 
obstruction. BJUI 2004; 94:582-7. 

11. Chu WC, Lam WW, Chan KW, et al. Dynamic gadolinium-enhanced 
magnetic resonance urography for assessing drainage in dilated pelvi- 
calyceal systems with moderate renal function: preliminary results and 
comparison with diuresis renography. BJUI 2004; 93(6):830-4. 

12. El- Nahas AR, Abou-El-Ghar M, Refae HF, et al. Magnetic resonance 
imaging in the evaluation of pelvi-ureteric obstruction: an all in one 
approach. BJUI 2007; 99(3):641-5. 

13. Broome DR, Girguis MS, Baron PW, et al. Gadodiamide-associated 
nephrogenic systemic fibrosis: why radiologists should be concerned. 
AJR Am J Roentgenol 2007; 188(2):586-92. 

14. Docimo SG, Dewolf WC. High failure rate of indwelling ureteral stents 
in patients with extrinsic obstruction: experience at 2 institutions. 

J Urol 1989; 142:277-9. 

15. Chung SY, Stein RJ, Landsittel D, et al. 15 year experience of 
management of extrinsic ureteral obstruction with indwelling ureteral 
stents. J Urol 2004; 172(2):592-5. 

16. Rosevear HM, Kim SP, Weizler DL, et al. Retrograde ureteral stents for 
extrinsic ureteral obstruction: nine years experience at the University 
of Michigan. Urology 2007; 70(5):846-50. 


17. 


18. 


19, 


20. 


21. 
22; 


23. 


24. 


25. 


26. 


273 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35: 


36. 


37. 


38. 


39. 


40. 


41. 


McCullough TC, May NR, Metro MJ, Ginsberg PC, Jaffe JS, Harkaway 
RC. Serum creatinine predicts success in retrograde ureteral stent 
placement in patients with pelvic malignancies. Urology 2008; 
72(2):370-3. 

Singh I, Gupta NP, Hemal AK, et al. Severely encrusted polyurethane 
ureteral stents: management and analysis of potential risk factors. 
Urology 2001; 58(4):526-31. 

Albarran J. Operations plastiques et anastomoses dans la traitment des 
retentions de veim. These Paris, 1903. 

Davis DM, Strong GH, Drake WM. Intubated ureterotomy: A new 
operation for ureteral and ureteral pelvic strictures. Surg Gynaecol 
Obstet 1943; 76:513-23. 

Wickham JEA, Kellet MJ. Percutaneous pyelolysis. Eur Urol 1983; 9:122-4. 
Ramsay JWA, Miller RA, Kellett MJ, et al. Percutaneous 

pyelolysis: Indications, complications, and results. Br J Urol 1983; 
56:586-8. 

Chandoke PS, Clayman RV, Stone AM, et al. Endopyelotomy 

and endoureterotomy with the Acucise ureteral cutting balloon 

device: preliminary experience. J Endourol 1993; 7:45-51. 

Thomas R, Monga M, Klein EW. Ureteroscopic retrograde 
endopyelotomy for management of ureteropelvic junction obstruction. 
J Endourol 1996; 10:141-5. 

Nakada SY, Johnson M. Ureteropelvic junction obstruction: Retrograde 
endopyelotomy. Urol Clin N Am 2000; 27(4):677-84. 

Badlani GH, Karlin G, Smith AD. Complications of 

endopyelotomy: Analysis in series of 64 patients. J Urol 1988; 
140:473-5. 

Kim FJ, Herrell SD, Johoda AE, et al. Complications of Acucise 
endopyelotomy. J Endourol 1998; 12:433-6. 

Preminger GM, Clayman RV, Nakada SY, et al. A multicentre clinical 
trial investigating the use of a fluoroscopically controlled cutting 
balloon catheter for the management of ureteral and ureteropelvic 
junction obstruction. J Urol 1997; 157:1625-9. 

Shalhav AL, Giusti G, Elbahnasy AM, et al. Endopyelotomy for 
high-insertion ureteropelvic junction obstruction. J Endourol 1998; 
12:127-30. 

Van Cangh PH, Wilmart JF, Opsomer RJ, et al. Long-term results 

and late recurrence after endoureteropyelotomy: A critical analysis of 
prognostic factors. J Urol 1994; 151:934-7. 

Clayman RV, Basler JO, Kavoussi LR, et al. Ureteronephroscopic 
endopyelotomy. J Urol 1990; 144:246-52. 

Conlin MJ, Bagley DH. Ureteroscopic endopyelotomy at a single 
setting. J Urol 1998; 159:727-31. 

Meretyk I, Meretyk S, Clayman RV. Endopyelotomy: Comparison 

of ureteroscopic retrograde and antegrade percutaneous techniques. 

J Urol 1992; 148:775-83. 

Thomas R, Monga M, Klein EW. Ureteroscopic retrograde 
endopyelotomy for management of ureteropelvic junction obstruction. 
J Endourol 1996; 10:141-5. 

Nadler RB, Rao GS, Pearle MS, et al. Acucise endopyelotomy: Evolution 
of a less-invasive technology. J Urol 1996; 156:1094-7. 

Faerber GJ, Richardson TD, Farah N, et al. Retrograde treatment of 
ureteropelvic junction obstruction using the ureteral cutting balloon 
catheter. J Urol 1997; 157:454-8. 

Gelet A, Combe M, Ramackers JM, et al. Endopyelotomy with the 
Acucise cutting balloon device. Eur Urol 1997; 31:389-93. 

Kim FJ, Herrell SD, Johoda AE, et al. Complications of Acucise 
endopyelotomy. J Endourol 1998; 12:433-6. 

Gill HS, Liao JC. Pelvi-ureteric junction obstruction treated with 
Acucise retrograde endopyelotomy. Br J Urol 1998; 82:8-11. 

Cohen TD, Gross MB, Preminger GM. Long-term follow up of Acucise 
incision of ureteropelvic junction obstruction and ureteral strictures. 
Urology 1996; 47:317-23. 

Badlani G, Karlin G, Smith AD. Percutaneous surgery for ureteropelvic 
junction obstruction (endopyelotomy): technique and early results. 

J Urol 1986; 135:26-8. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52, 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


CHAPTER 2.20 UPPER URINARY TRACT OBSTRUCTION 


Streem SB. Percutaneous endopyelotomy. Urol Clin N Am 2000; 
27(4):685-93. 

Bellman GC, Davidoff R, Candela J, et al. Tubeless percutaneous renal 
surgery. J Urol 1997; 157:1578-82. 

Gerber GS, Lyon ES. Endopyelotomy: Patient selection, results and 
complications. Urology 1994; 43:2-10. 

Kletscher BA, Segura JW, LeRoy AJ, et al. Percutaneous antegrade 
endoscopic pyelotomy: Review of 50 consecutive cases. J Urol 1995; 
155:701-3. 

Motola JA, Badlani GH, Smith AD. Results of 212 consecutive 
endopyelotomies. An 8 year follow up. J Urol 1993; 149:453-6. 
Shalhav AL, Giusti G, Elbahnasy AM, et al. Adult endopyelotomy: 
Impact of aetiology and antegrade versus retrograde approach on 
outcome. J Urol 1998; 160:685-9. 

Kuster: Ein fall von resection des ureter. Arch Klin Chir 1892; 44:850. 
Fenger C. Operation for the relief of valve formation and stricture of 
the ureter in hydro or pyonephrosis. JAMA 1894; 22:335. 

Schwyzer A. New pyeloureteric plastic operation for hydronephrosis. 
Surg Clin North Am 1923; 3:1441. 

Foley FEB. New plastic operation for stricture at the ureteropelvic 
junction. Report of 20 operations. 1937. J Urol 2002; 

167(2 Pt 2):1075-95; discussion 1096. 

Culp OS, DeWeerd JH. A pelvic flap operation for certain types of 
uretero-pelvic obstruction. Preliminary report. Mayo Clin Proc 1951; 
26:483-8. 

Scardino PL, Prince CL. Vertical flap ureteropelviplasty: Preliminary 
report. South Med J 1953; 46:325-31. 

Anderson JC, Hynes W. Retrocaval ureter: A case diagnosed 
preoperatively and treated successfully by a plastic operation. Br J Urol 
1949; 21:209-14. 

Graversen HP, Tofte T, Genster HG. Uretero-pelvic stenosis. Int Urol 
Nephrol 1987; 19:245-51. 

Guys JM, Borella F, Montfort G. Ureteropelvic junction 
obstructions: prenatal diagnosis and neonatal surgery in 47 cases. 

J Paediatr Surg 1988; 23:156-8. 

Mikkelson SS, Rasmussen BS, Jensen TM, et al. Long-term follow up of 
patients with hydronephrosis treated by Anderson-Hynes pyeloplasty. 
Br J Urol 1992; 79: 121-4. 

Nguyen DH, Aliabadi H, Ercole CJ, et al. Non-intubated Anderson- 
Hynes repair of uretero-pelvic junction obstruction in 60 patients. 

J Urol 1989; 142:704-6. 

Eden CG. Treatment options for pelvi-ureteric junction 

obstruction: implications for practice and training. Br J Urol 1997; 
80:365-7. 

Kavoussi LR, Peters CA. Laparoscopic pyeloplasty. J Urol 1993; 
150:1891-4. 

Janetschek G, Peschel R, Altarac S, et al. Laparoscopic and 
retroperitoneoscopic repair of ureteropelvic junction obstruction. 
Urology 1996; 47:311-6. 

Moore RG, Averch TD, Schulman PG, et al. Laparoscopic 

pyeloplasty: experience with the initial 30 cases. J Urol 1997; 157:459-62. 
Bauer JJ, Bishoff JT, Moore RG, et al. Laparoscopic versus open 
pyeloplasty: assessment of objective and subjective outcome. J Urol 
1999; 162:692-5. 

Moon DA, El-Shazly MA, Chang CM, Gianduzzo TR, Eden CG, 
Laparoscopic pyeloplasty: evolution of a new gold standard. Urology 
2006; 67(5):932-6. 

Davenport K, Minervini A, Timoney AG, Keeley FX Jr. Our 
experience with retroperitoneal and transperitoneal laparoscopic 
pyeloplasty for pelvi-ureteric junction obstruction. Eur Urol 2005; 
48(6):973-7. 

Inagaki T, Rha KH, Ong AM, Kavoussi LR, Jarrett TW. Laparoscopic 
pyeloplasty: current status. BJU Int 2005; 95(Suppl 2):102-5. 

Wolf JS jr, Elashry OM, Clayman RV. Long term results of 
endoureterotomy for benign ureteral and ureteroenteric strictures. 

J Urol 1991; 158(3):759-64. 


195 


196 


SECTION 2 STONES AND ENDOUROLOGY 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


73: 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


Boari A. La Uretero-cisto-neostomia. Rome, Italy: Societa Editrice 
Dante Aligghieri, 1989. 

Turner-Warwick RT, Worth PHL. The psoas bladder-hitch procedure 
for the replacement of the lower third of the ureter. Br J Urol 1969; 
41:701-9. 

Shin KY, Park HJ, Lee JJ, et al. Role of early endourologic 

management of tuberculous ureteral strictures. J Endourol 2002; 
16:755-8. 

Glanz S, Gordon PH, Butt K, et al. Percutaneous balloon dilatation of 
the ureter. Radiology 1983; 149:101-4. 

Smith AD. Management of iatrogenic ureteral strictures after urological 
procedures. J Urol 1988; 140:1372-4. 

Meretyk S, Albala DM, Clayman RV, et al. Endoureterotomy for 
treatment of ureteral strictures. J Urol 1992; 147:1502-6. 

Preminger GM, Clayman RV, Nakada SY, et al. A multicentre clinical 
trial investigating the use of a fluoroscopically controlled cutting 
balloon catheter for the management of ureteral and ureteropelvic 
junction obstruction. J Urol 1997; 157:1625-9. 

Netto Nr jr, Ferreira U, Lemos GC, et al. Endourological management 
of ureteral strictures. J Urol 1990; 144:631-4. 

Chang R, Marshall FE, Mitchell S. Percutaneous management of benign 
ureteral strictures and fistulas. J Urol 1987; 137:1126-31. 

Lang EK. Antegrade ureteral stenting for dehiscence, strictures and 
fistulae. AJR 1984; 143:795-801. 

O’Brien WM, Maxted WC, Pahira JJ. Uretral stricture: Experience with 
31 cases. J Urol 1988; 140:737-40. 

Cormio L, Battaglia M, Traficante A, Selvaggi FP. Endourological 
treatment of ureteric injuries. Br J Urol 1993; 72:165-8. 

Bagley DH, Huffmann J, Lyon E, et al. Endoscopic 

ureteropyelotomy: Opening the obliterated ureteropelvic 

junction with nephroscopy and flexible ureteropyeloscopy. J Urol 1985; 
133:462-4. 

Bagley DH. Endoscopic ureteroureterostomy. J Urol 1990; 

143:235a. 

Cubelli V, Smith AD. Transurethral ureteral surgery guided by 
fluoroscopy. Endourology 1987; 2:8. 

Desgrandchamps F, Cussenot O, Bassi S, et al. Percutaneous 
extra-anatomic nephrovesical diversion. Preliminary report. J Endourol 
1993; 7:323-6. 

Albarran J. Retention renale par perl externe de Puretere. Proces 
verbaus de Francaise d’Urologie 1905; 9:511-7. 

Tresidder GC, Blandy JP, Singh M. Omental sleeve to prevent recurrent 
retroperitoneal fibrosis the ureter. Urol Int 1972; 27:144-8. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93; 


94. 


95. 


96. 


97. 


98. 


99. 
100. 


101. 


102. 


103. 


Baker LRI, Mallinson WJW, Gregory MC, et al. Idiopathic 
retroperitoneal fibrosis. A retrospective analysis of 60 cases. Br J Urol 
1987; 60:497-503. 

Tiptaft RC, Costello AJ, Paris AMI, et al. The long-term follow-up of 
idiopathic retroperitoneal fibrosis. Br J Urol 1982; 54:620-4. 
Cooksey G, Powell PH, Singh M, et al. Idiopathic retroperitoneal 
fibrosis. A long-term review after surgical treatment. Br J Urol 1982; 
54:628-31. 

Osborn DE, Rao PR, Barnard RJ, et al. Surgical management of 
idiopathic retroperitoneal fibrosis. Br J Urol 1981; 53:292-6. 

Hinman F Ureter. (pp. 636-93) In: Hinman F (ed). Reconstruction 
Atlas of Urologic Surgery. Philadelphia, PA: WB Saunders Company, 
1989. 

Galal H, Lazica A, Lampel A, et al. Management of ureteral strictures 
by different modalities and effect of stents on upper tract drainage. 

J Endourol 1993; 7:411-7. 

Gregoir W, Van Regermorter GV. Le reflux vesico-ureteral congenital. 
Urol Int 1964; 18:122-36. 

Lich R, Howerton LW, Goode LS, et al. The ureterovesical junction of 
the newborn. J Urol 1964; 92:436-8. 

Elliott SP, McAninch JW. Ureteral injuries from external violence: the 
25-year experience at San Francisco General Hospital. J Urol 2003; 
170:1213-6. 

Bright TC 3rd, Peters PC. Ureteral injuries due to external 

violence: 10 years experience with 59 cases. J Trauma 1977; 
17:616-20. 

Ghali AM, El Malik EM, Ibrahim AI, ef al. Ureteric injuries: diagnosis, 
management, and outcome. J Trauma 1999; 46:150-8. 

Zimmerman JJ, Precourt WE, Thompson CC. Direct uretero-cysto- 
neostomy with the short ureter in the cure of ureterovaginal fistula. 

J Urol 1960; 83:113-5. 

Motiwala HG, Shah SA, Patel SM. Ureteric substitution with Boari 
bladder flap. Br J Urol 1990; 66:369-71. 

Cukier J. Loperation de Boari. Acta Urologica Belgica 1966; 34:15-28. 
Bowsher WG, Shah PJR, Costello AJ et al. A critical appraisal of the 
boari flap. Br J Urol 1982; 54:682-5. 

Byun E, Merguerian PA. A meta-analysis of surgical practice patterns 
in the endoscopic management of ureterocoeles. J Urol 2006; 
176:1871-7. 

Monfort G, Morisson-Lacombe G, Guys JM, et al. Simplified 
treatment of ureterocoeles. Chir Pediatr 1985; 26:26-30. 

Hagg MJ, Mourachov PV, Snyder HM, et al. The modern endoscopic 
approach to ureterocoele. J Urol 2000; 163:940-3. 


CHAPTER 2.21 


The principles of endourology 


Stephen Keoghane and Mark Sullivan 


Introduction to the principles 
of endourology 


Many urological chapters have been written on the principles 
behind the subspecialty of endourology; the authors will outline 
the salient features behind some of these principles. 


History 


In 1806, Philipp Bozzini constructed the ‘lichtleiter’ for direct 
inspection and treatment of the uterus and bladder.! These early 
endoscopes were cumbersome and impractical, made of hollow 
examining tubes with illumination by candle light directed by a 
mirror. 


1853 Desormeaux performed the first true endoscopic procedure, 
extracting a papilloma from the urethra through a urethroscope. 


1873 Trouve moved the light source from the outside to the inner 
tip of the endoscope using a glowing hot platinum wire.! 


1874 Bottini first performed blind electrosurgery of the prostate. 


1877 The first major improvement in optics was made by Nitze 
using a series of precisely aligned thin lenses within a tube.! 


1897 Albarran introduces a lever allowing the ability to control the 
electrode. 


1900 Freudenber uses an endoscope for visualization. 


1910 Beer introduced high-frequency current revolutionizing the 
field of therapeutic endoscopic procedures. 


1912 Hugh Hampton Young performed the first ureteroscopic pro- 
cedure using a paediatric cystoscope in a two-month-old child 
with posterior urethral valve. 

1926 First resectoscope constructed by Stern. 


1931 McCarthy modified the resectoscope with the addition of 
a lever to move the cutting loop. This basic design is still used 
today for modern resectosopes. 


1960 Harold Hopkins developed the rod lens. 


1960s Introduction of fibre-optic cables enabling the transmission 
of light from an outside source. 


1960 Marshall developed the 3 mm flexible fiberoscope.* 


1968 Takayasu and Aso developed the first flexible pelviuretero- 
scope with an operating channel.° 


1977 Lyon performed the first rod-lens ureteroscopy to explore the 
distal ureter with a 11 Fr paediatric cystoscope.® 


1979 Original ureteroscope constructed by Richard Wolf Medical 
Instruments (Vernon Hills, IL).” 


1980 and 1981 The first practical ureteroscopes designed by Enrique 
Perez-Castro and the Karl Storz Company (Culver City, CA).8 


Endoscopes 

Optics 

The postgraduate trainee urologist would be expected to have an 
understanding of the groundbreaking work of Harold Hopkins? 
and Karl Storz and to be familiar with a longitudinal section of a 
rigid rod lens cystoscope. 

Urologic endoscopes are generally of two optical designs: the 
rigid, rod-lens system described by Hopkins, while fibre-optic 
imaging bundles are used in both rigid and flexible endoscopes 
(Fig. 2.21.1). The rod-lens system consists of a series of glass rods 
with polished ends with the key feature of air gaps that act as a lens. 
Light is carried efficiently along the rod, resulting in a clear and 
bright image. 

Fibre-optic bundles are composed of individual two-layer glass 
fibres that carry light from one end to the other. To achieve an 
accurate optical image, the fibres need to be oriented identically at 
each end of the bundle. Fibre-optic bundles can be manufactured 
for both a flexible endoscope and small diameter rigid systems 
(ureteroscopes). 

Fibre-optic bundles however have spaces between the round 
fibres and lose optical information, resulting in an image that may 
not be as clear and bright compared with the rod-lens system. 


Cystoscopes 


Rigid or flexible cystoscopes range from 8 to 12 Fr (1 Fr = 3 mm) 
for paediatric endoscopes and 16 to 25 Fr for adult endoscopes. The 
trainee should be aware of the useful 19 Fr cystoscope sheath for 
the tight urethra. 

Rigid cystoscopes have a rod-lens system, a metal sheath, 
and a bridge. The sheath is the outer cover through which the 
rod-lens system is inserted. The sheath remains in the bladder 
when the rod-lens system is removed or needs to be exchanged. 
The sheath also has a port for the infusion of irrigation fluids, a 
necessary requirement to maintain continuous visualization. The 
sheath can be inserted into the bladder ‘blind’ using an obturator 
with an atraumatic tip or using visual obturators, where there is a 
lumen for the lens allowing safer direct visualization of the pas- 
sage of the cystoscope. The sheath also attaches to a bridge, which 
also contains an opening for the rod-lens system and a working 
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Conventional glass lens endoscope 


Hopkins rod-lens telescope 


Fig. 2.21.1 The conventional endoscope (above) and the Hopkins® telescope 
design (below). The glass rods in the Hopkins telescope provide a larger image, 
greater light transmission, and improved clarity of vision. 

Image Copyright © KARL STORZ—Endoskope, Germany. 


channel through which instruments such as biopsy forceps, hand 
held graspers, guidewires, ureteric catheters, and diathermy probes 
may be inserted. A deflecting Albarran bridge allows more precise 
deflection of flexible instruments as they pass through the distal 
part of the cystoscope. 

Lenses are designed at different angles (0, 12, 25 or 30, 70, 110- 
1,200 degrees) and the image can be viewed directly through the 
eyepiece, but contemporary practice uses a camera attached to the 
eyepiece transmitting the image to a monitor. 

Rigid cystoscopes have the advantage of using larger sheaths to 
improve irrigation and a larger working channel allowing proce- 
dures such as bladder biopsy and retrograde ureteropyelography 
to be performed with ease under general or regional anaesthesia. 
Local anaesthetic rigid cystoscopy is feasible in the female, ensur- 
ing the bladder is not over distended. 

Flexible cystoscopes have small, soft, flexible shafts, a working 
channel (6.4-7.5 Fr) and an irrigation port. There are a wide variety 
of long, flexible instruments that can be passed through the work- 
ing channel, including grasping forceps, biopsy forceps, lithotripsy 
and electrocautery probes, and basket entrapping devices. The 
optics consist of either fibre-optic bundles or a distal sensor (either 
a complementary metal oxide sensor or charge-coupled device). 
Flexible cystoscopes can be deflected by up to 220 degrees using a 
thumb-operated lever. 


Rigid and semi-rigid ureteroscopes 


These are available in a wide range of sizes; however, a 6/7.5 Fr 
tapered ureteroscope with fibre-optic imaging system and mul- 
tiple working channels no larger than 4 Fr has become standard. 
These endoscopes may be short (the distal and lower middle ureter 
in men and the renal pelvis in women may be accessed using a 31 
cm ureteroscope), and long versions (a 40 cm ureteroscope may 
be needed to reach the renal pelvis in male patients). Although the 
latter can reach the renal pelvis, it is not generally considered an 
appropriate instrument for intrarenal procedures. 

Most of the available semi-rigid ureteroscopes have round or 
oval tip designs, but endoscopes with smooth, triangular tips have 
more recently become available, designed to ease insertion into 
the ureteral orifice. Ureteroscopes with one large channel for both 
instrumentation and irrigation, or two channels to separate instru- 
mentation and irrigation are available from most suppliers. 


A single, straight, large working channel is possible in uretero- 
scopes with an offset eyepiece. In contrast, two channel scopes allow 
passage of a working instrument without diminution in the flow of 
the irrigant fluid. They usually have a 3.4 Fr working channel that 
can accommodate a standard 3 Fr instrument and a 2.1-2.4 Fr irri- 
gation channel. 

The trainee should have a working knowledge of the endoscopes 
used in their department. 


Flexible ureterorenoscopes 


These endoscopes have revolutionized endourology, allowing intra- 
renal procedures; 7-9 Fr-sized instruments are standard for fibre- 
optic imaging. The working channel is 3.6 Fr (exception is the Wolf 
9 Fr ureteroscope that has a 4.5 Fr working channel). Because the 
single channel is used for both passage of instruments and irriga- 
tion, an instrument in the channel will reduce the irrigant flow rate. 
The loss of flow may be compensated by pressurizing the irrigant 
fluid and the use of smaller, less than 1.9 Fr calibre instruments. 
The 200 ų laser fibre may have the least deleterious effects on the 
flow rate, whereas the 3.0 Fr basket causes a significant reduction 
in irrigant flow rate. 

Tip deflection is usually via a thumb-controlled handle and may 
be designed with intuitive or counterintuitive deflection direc- 
tions. The degree of deflection varies between 130 and 270 degrees, 
depending on the manufacturer. 

Flexible ureteroscopes also contain a passive deflecting seg- 
ment; it is a more flexible segment, several centimetres proximal 
to the active deflectable segment. This passive segment, when used 
with the active deflection, allows the endoscope to curl upon itself 
when the tip is reflected from the medial aspect of the renal pel- 
vis for manoeuvres into the lower pole infundibulum. The angle 
of active and passive deflection can become severely restricted by 
the presence of instruments in the working channel (365 u laser 
fibre causing the most restriction, and the 2.2 Fr nitinol basket the 
least).? This effect on the angle of deflection can also be lessened 
with newer, smaller, and more malleable instruments. Various 
techniques have been described to limit the impact of instruments 
in the working channel, including the use of an unsheathed (bare 
naked) nitinol basket to reduce its diameter (Fig. 2.21.2).10-1 
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Fig. 2.21.2 Flexible ureterorenoscope (AUR™-7). 


Image reproduced courtesy of Olympus Medical. 


The angle of visualization may be zero or nine degrees, and 
instruments exit the endoscope at varying positions according to 
manufacturer. The tip of the instrument may be flush, or bevelled 
and triangular which may facilitate insertion into the ureteral ori- 
fice and decrease ureteral trauma. 

These bevelled tip endoscopes also allow the manufacturers to 
claim a smaller tip diameter, which rapidly enlarges to the distal 
shaft size, whereas an instrument with a flush tip maintains the 
small distal diameter for several millimetres. 

Channel size and flow, durability, deflection, service/repair pro- 
vision, and high image resolution are, in no particular order the 
factors to consider when investing in flexible endoscopes. The 
lumen of the working channel may vary in position according to 
manufacturer. 

Video flexible ureterorenoscopes using a charge-coupled device 
(CCD) chip on the tip may reduce the requirement for frequent 
repair and allow excellent visualization of the upper urinary tract. 
Disposable flexible endoscopes may or may not survive the rapid 
changes in urological technology. 


Care and sterilization 


Although these modern flexible ureteroscopes are capable of 
accessing the most difficult areas in the upper urinary tract, they are 
fragile and require major repair after an average of 6 to 15 uses.!? 
Common reasons for repair are broken fibre-optic fibres, a dam- 
aged working channel, and reduced or loss of deflection. Currently, 
the durability and cost of maintenance is the main limiting factor 
against incorporation of these delicate instruments in most general 
urology practices. !3-l4 

Rigid and semi-rigid ureteroscopes are considerably more dur- 
able than their flexible counterparts because of their outer metal 
casing. However, proper handling by holding near the eyepiece 
at the base while supporting the shaft should be emphasized. 
Cleansing with warm water and a non-abrasive detergent, as well as 
irrigation of the working channels, following each use is important. 
These instruments can be sterilized by gas (ethylene oxide) or by 
soaking; some may be autoclaved. 

The more fragile flexible ureteroscopes should also be cleaned 
initially by rinsing and irrigating with warm water and a non- 
abrasive detergent, and then sterilized by gas or soaking. These deli- 
cate scopes are prone to damage during cleaning from bending or 
trauma to the distal tip or the eyepiece. Every effort should be made 
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to maintain them in a straight orientation during cleansing and use. 
In addition, the flexible ureteroscopes require venting during gas 
sterilization, either by manually opening a vent near the irrigation 
port near the light post, or some may have an automatic, patented, 
Autoseal system. 

Liquid sterilization may be accomplished by soaking in 2.4% 
glutaraldehyde (i.e. Cidex, Advanced Sterilization Products, Irvine, 
CA) or 35% peroxyacetic acid (i.e. Steris, Mentor, OH). Peroxyacetic 
acid has been demonstrated to be associated with higher flexible 
cystoscope repair costs.!5 

The durability of the flexible ureteroscope may also be affected 
by the technique and number of personnel involved in the clean- 
ing and maintenance rather than the technical demands of the 
procedure and the endoscopists’ technique.!® The routine use of 
newer ureteroscopic accessories, such as ureteral access sheaths, 
nitinol devices, and 200 u holmium laser fibres can decrease the 
strain on the flexible ureteroscopes and significantly increase the 
longevity. 


Rigid and flexible nephroscopes 


Rigid nephroscopes have undergone little change since the advent 
of percutaneous nephrolithotomy. They provide excellent visualiza- 
tion with a rod-lens system and an offset eyepiece to allow pas- 
sage of large, straight instruments for stone fragmentation, such 
as the ultrasonic lithotripter or the lithoclast. Various lengths are 
available, ranging from 17.5 to 30 cm, to accommodate a variety of 
patient body habitus. Sheaths range from 15 to 27 Fr in size; ‘mini- 
and ultra-mini nephroscopes’ with a smaller, Fr diameter, which 
can be used as a compact cystoscope are also available. A flexible 
cystoscope may be used as a nephroscope when needed. 


Disposable equipment 


Endourology is an ‘all or nothing’ specialty. Every variety of dispos- 
able device should be accessible in the operating theatre. Halfway 
through a prolonged flexible upper tract procedure is not the time 
to find out you have no nitinol basket. 

The components of a surgical video system include the light 
source, video camera, video processor, and display unit (Fig. 
2.21.3). These should be lightweight and easily portable, requir- 
ing minimal set up, and can be cleaned with alcohol wipes and 
disinfectant. 
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Fig. 2.21.3 An endourology stack. 
Image Copyright © KARL STORZ—Endoskope, Germany. 
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Light source 


The most desirable features are a long Xenon lamp life, approach- 
ing 500 hours with a minimum of 300 watts. The white balance and 
manual brightness controls should be accessible from within the 
sterile field. 


Monitor 


Most monitors are now LCD (liquid crystal display) flat screens 
with a minimum size of 22 inches, demonstrating high resolution 
and HD quality with a minimum of 1,680 x 1,050 pixels. 

The response time should be less than 8 m/second with a contrast 
ratio of 400:01:00. The lower the response time, the less of a blur- 
ring effect there will be on the screen, referred to as ‘ghosting’. The 
contrast ratio is the difference in brightness from the darkest to the 
brightest portion on the screen. This can change throughout the 
screen due to variations in the lighting behind the panel. 


High definition television 


The most popular high definition television (HDTV) format is 
1,080 i, or 1,080 lines interlaced, which produces images by paint- 
ing the odd lines first, then the even lines in a second pass. The 
alternative HDTV format is 720 lines progressive scan, or 720 p, 
which has fewer lines of resolution, but paints all lines in one pass. 
720 p is predominantly used for video containing fast-moving con- 
tent where image jitter is less likely to occur. 

To summarize, 1,080 i image reproduction is sharp, highly 
detailed, and exhibits less pixelation, even at high magnification, 
than the 720 p HDTV format, but the 720 p may be more stable 
with less flicker. 


Processor 


The stand-alone HD processor should be compatible with fibre, 
rigid, and flexible video endoscopes, demonstrating adequate con- 
nectivity to a hospital intranet with outputs to external media stor- 
age with the ability to capture images for both clinical and research 
use. A hard disc drive is an option on modern processors. 


Camera head 


The camera head should contain both optical zoom and white 
balance controls. Most modern cameras will contain three CCDs 
or charge-coupled devices, which are composed of tiny photoelec- 
tric elements arranged in a grid (pixels) that allow an electronic 
response from the reflected light from the surgical field, which is 
then converted into video signal by the processor. 


Integrated operating theatres 


Surgeon fatigue and discomfort during minimally invasive surger- 
ies has directed attention to the ergonomics of endoscopy.!” The 
surgeon's comfort, hand-eye coordination, and visualization can be 
greatly improved by using flat-screen, LCD monitors mounted on 
booms placed in close range to the surgeon's direct line of vision, 
the surgeon's hands, and endoscope. The integrated operating room 
provides an efficient and ergonomic work environment for the entire 
surgical team. This also provides a multidisciplinary, minimally 
invasive surgical suite. Single flat-screen monitors accommodate 
laparoscopic surgery, whereas the triple flat-screen monitors, on 


a single boom, provide simultaneous endoscopic and fluoroscopic 
visualization during endoscopy. The occupational hazards of uro- 
logical minimally invasive surgery should not be underestimated, 
especially back problems, and attention should routinely be paid 
to the surgeon's operating position and the position of the monitor 
(which ideally should be at eye level or just below, not above). 


Narrow band imaging 


Narrow band imaging (NBI) is an optical filter technology that rad- 
ically improves the visibility of capillaries, veins, and other subtle 
tissue structures, by optimizing the absorbance and scattering char- 
acteristics of light. NBI uses two discrete bands of light: one blue at 
415 nm and one green at 540 nm. Narrow band blue light displays 
superficial capillary networks, while green light displays subepithe- 
lial vessels and when combined offer an extremely high contrast 
image of the tissue surface (Fig. 2.21.4). 


Blue light technology 


Photodynamic diagnosis (PDD) in the urothelium is an exciting 
recent development, which allows the precise diagnosis of flat car- 
cinoma in situ of the urinary bladder, and small satellite malignant 
lesions. These can be difficult to visualize using white light, and PDD 
offers the additional advantage of defining tumour borders. Imaging 
relies on the introduction of a photosensitive marker (5 ALA or HAL) 
transurethrally into the bladder, where it converts to protoporphyrin 
IX. As the pigment is absorbed by normal urothelium, it accumulates 
in cancer cells, emitting red fluorescence under blue excitation illu- 
mination. Normal urothelium remains blue, thus helping delineation 
of the abnormal areas for sampling and resection. This can be per- 
formed using the bipolar TURis-B, which reduces the risk of TUR 
syndrome and accidental obturator nerve stimulation, thus avoiding 
the risk of bladder wall perforation. (Fig. 2.21.5)!8 


Lasers 


Laser is an acronym for Light Amplification by Stimulated Emission 
of Radiation. It is now defined as a device which emits light through 
optical amplification, based on the stimulated emission of photons. 

In urology, Parsons in 1966 experimentally used a pulsed-ruby 
laser in the canine bladder. Pioneer applications of the laser in 
urology included the use of a CO,-laser for condylomata in 1980, 
photodynamic therapy (PDT) for bladder carcinoma in 1982, the 
pulsed-dye laser for urolithiasis in 1987,!° and the Nd:YAG laser for 
prostatic carcinoma in 1984.” The modern era of lasers in urology 
begins with the use of side-firing fibres and their application in the 
treatment of benign prostatic hyperplasia (BPH) in 1990.!9 

Urology is among the medical specialties that apply many dif- 
ferent types of laser systems including Neodynium Yttrium 
Aluminium Garnet (YAG), Holmium YAG, and Thulium YAG. The 
rare earth metals are housed in the YAG matrix and these systems 
differ in the particular wavelength used, the power, and the mode 
of emission (pulsed or continuous).?!-74 

The interaction of tissues with laser energy is determined by the 
following physical principles?>*°: 


Absorption 

The ‘intensity of the laser beam decreases exponentially as the 
absorbing medium increases in density. Absorbed laser radiation is 
converted into heat, causing a local rise in temperature. Depending 
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Fig. 2.21.4 (A) Narrow band blue light displays superficial capillary networks, while green light displays subepithelial vessels and when combined offer an extremely high 
contrast image of the tissue surface. (B) Narrow band imaging (NBI): detection of a papillary bladder tumour with white light on the left and NBI on the right. 


(A,B) Image reproduced courtesy of Olympus Medical. 


on the amount of heat produced, tissue will coagulate or even vapor- 
ize. Heat is more likely to be generated next to the tissue surface 
because of the exponential decrease in beam intensity as it passes 
into the tissue and the immediate action of the absorption process. *° 

“However, absorption can only occur in the presence of a chromo- 
phore’; a ‘chemical group capable of absorbing light at a particular 
frequency and thereby imparting colour to a molecule. Examples of 


body chromophores are melanin, blood and water??° 


Reflection 


‘When the laser beam encounters tissue, a percentage of the beam 
is reflected by the boundary layer and may therefore heat and dam- 
age surrounding tissue. Reflection mainly depends on the optical 
properties of the tissue and the irrigant surrounding it?s but has 
little clinical impact. 


Scattering 


“The heterogenous composition of tissue causes the laser beam to 
scatter ... diverting part of the beam away from its intended dir- 
ection and therefore its intended purpose. The amount of scatter 


depends on the size of the particles and the wavelength of the laser. 
Shorter wavelengths are scattered to a much higher degree than 
longer wavelengths, i.e. blue laser radiation is scattered more than 
green, green more than red, and red more than infrared?*° 


Transmission 


When energy is not fully absorbed, but rather penetrates tissue 
there is less transfer of energy. 


Extinction length 


“The extinction length defines the depth of tissue up to which 90% 
of the incident laser beam is absorbed and converted into heat. An 
extinction length is equal to 2.3 absorption lengths:?6 

‘Haemoglobin and water are widely used as chromophores 
for surgical lasers. For a short time after absorption of a circu- 
lar laser beam, the generated heat is confined in a cylindrical- 
shaped volume, which has the height of the laser beam’s 
extinction length and the approximate diameter of the laser 
fibre. The density of the absorbed energy determines the effect 
of the laser on tissue?*° 
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(A) 


Fig. 2.21.5 (A) To perform photodynamic diagnosis (PDD) observation, the dedicated photosensitive marker (S-ALA or HAL) is first instilled in the bladder. About 90 to 
120 minutes later, the endoscopic examination is started. (B) History (left: white light | right: PDD). A slightly uneven surface in white light cystoscopy that was intensely 


fluorescent in blue light was collected by cold-cup biopsy. 
(A,B) Image reproduced courtesy of Olympus Medical. 


‘It is important to match the achieved effect along the extinction 
length with the intended surgical effect. At the same power wattage, 
a laser wavelength with a long extinction length may create a deep 
necrosis, whereas a laser wavelength with a much shorter extinc- 
tion length will produce an increase in temperature above boiling 
point and immediate vaporization of tissue??6 

The contact of laser energy with various tissues is accompanied 
by one or more of the following effects. 

There may be a thermal effect, whereby when energy is absorbed 
it is transformed to heat and consequently the temperature of the 
tissue increases, with various biological effects. These effects are: at 
>40°C, protein denaturation; at >60°C, protein coagulation; at 
100°C vaporization of tissue water; at >250°C, carbonization; and 
at >300°C, tissue vaporization. The extent of the thermal effect is 
determined by the wavelength of the laser light, the power density, 
and particular optical and thermal features of the tissue. 

In the infrared region of the spectrum (the CO, laser emits at 
10 600 nm), there is almost complete energy absorption, resulting 


in heat generation with carbonization and vaporization. In the 
near-infrared region (the Nd:YAG laser, at 1,060 nm), there is less 
absorption and more penetration of energy, resulting in tissue 
coagulation at considerable depth. 

There may be a mechanical effect; the application of pulsed laser 
energy to the surface of a urinary stone results in fragmentation 
of the latter. The very high power density, which can be altered 
with recent technological advances, imposed at the stone's surface 
results in the freeing of a column of electrons and the formation of 
a ‘plasma’ bubble. The expansion of this ‘plasma’ bubble changes the 
ultrastructure of the stone, disrupting it along stress lines. 

There may be a photochemical effect, based on the selective pho- 
toactivation of a specific drug and its transformation to a toxic 
compound(s). The laser is an ideal source of light for photoactivation, 
because of its power and specific wavelength. The formation of toxic 
metabolites results in cellular death through the intracellular produc- 
tion of singlet oxygen, which generates free radicals and peroxides 
that damage cellular elements such as DNA and mitochondria. 


Finally, there may be a tissue welding effect. All the previous effects 
are destructive and accomplish their therapeutic aim through the 
ablation of biological material. 

Laser tissue welding aims to reconstruct anatomical structures 
by tissue re-approximation, through the application of focused 
thermal energy.?” This energy induces the interdigitation of colla- 
gen (biological ‘glue’) with minimal peripheral tissue destruction. 
Advantages over conventional surgery include decreased opera- 
tive duration, improved healing with minimal scar formation and 
adequate tensile strength, maintenance of luminal continuity with 
reduced fistula formation, and an immediate watertight seal. The 
disadvantages include accumulating training and experience, the 
high cost, and the subjectivity of determining the end point of 
welding. Adding a proteinaceous material (50% human albumin, 
i.e. a tissue solder), energy can be focused more selectively at the 
wound edges, resulting in improved tensile strength on weld- 
ing, with a simultaneous decrease in peripheral thermal tissue 
destruction. The addition of a specific dye to the soldering mater- 
ial (chromophore) results in a more selective energy absorption at 
a given wavelength and consequently less peripheral tissue injury. 

Combinations of dyes/laser wavelength are: indocyanine green/ 
805 nm diode laser; iron oxide or fluorescein/532 nm KTP laser; 
and India ink/1064 nm Nd:YAG laser. In urology, the applications 
of laser tissue welding include vasovasostomy, urethral reconstruc- 
tion (hypospadias, stricture, diverticulum or fistula), pyeloplasty, 
bladder augmentation, and continent urinary diversion. 


Theatre ergonomics 
Patient positioning 
The pelvic tilt induced by the traditional lithotomy position has led to 
many urologists adopting the Lloyd Davies position for endoscopy. 
For anything other than a cystoscopy, the authors favour a dis- 
posable transurethral resection (TUR) drape with attached poly- 
thene funnel and filter. The end of the filter should be removed to 
avoid the weight of fluid pulling the drape inferiorly. 
For upper tract endoscopy, the affected leg should be lowered, 
thus flattening the pelvis. This is particularly important for semi- 
rigid ureteroscopy. 


Antibiotics 


The use of antibiotic prophylaxis for endourological pro- 
cedures should follow one or a combination of guidance 
given in the AUA Best Practice Policy statement on Urologic 
Surgery Antimicrobial Prophylaxis (http://www.auanet.org/ 
common/ pdf/education/clinical-guidance/Antimicrobial- 
Prophylaxis.pdf),28 and the EAU Guidelines on Urological 
Infections 2016 (http://uroweb.org/wp-content/uploads/ 
EAU-Extended-Guidelines-2016-Edn-pdf). 

E. coli, Proteus mirabilis, Klebsiella, and Enterococcus faecalis rep- 
resent the majority of urological pathogens and will be adequately 
covered by prophylactic gentamicin and amoxicillin/cefuroxime. 
Local microbiological advice should also be sought as local resist- 
ence patterns can vary. 

The urology resident is expected to have a working knowledge 
of the principles behind venous thromboembolic prophylaxis and 
should follow NICE guidance (http://guidance.nice.org.uk/CG92/ 
NICEGuidance/pdf/English).2? The WHO checklist should be 
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followed for all surgical procedures (http://www.who.int/patient- 
safety/safesurgery/ss_checklist/en/).°° 


What is the aim of this endourological 
procedure? 


Urinary tract drainage, tumour treatment, or complete or partial stone 
clearance. It is worth explaining the time-consuming and complexity 
of upper tract endoscopy to patients and balancing the day case/office 
nature of these treatments against the need for multiple procedures. 
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Principles of laparoscopic 
and robotic urological surgery 
Mark Sullivan, Nilay Patel’, and Inderbir Gill 


Introduction to principles of laparoscopic 
and robotic urological surgery 


Laparoscopic surgery has successfully been adopted into adult and 
paediatric urological practice. In principle, laparoscopy can provide 
a superior visual field, a reduction in the stress response to surgery, 
reductions in postoperative pain, shorter postoperative recovery 
time, and superior cosmetic results compared with open surgery. 
In the field of paediatric urology, the adoption of laparoscopy has 
been a more gradual process, possibly because of the excellent long- 
term outcomes of open surgery and relatively modest reduction in 
postoperative morbidity following paediatric laparoscopic surgery. 
In addition, current laparoscopic equipment is not ideally suited to 
the smaller working spaces in children, a factor that contributes to 
the significant learning curve associated with laparoscopic surgery 
in children, particularly with regards to reconstructive procedures. 
The past decade has also seen the rapid uptake of robotic-assisted 
surgical platforms such as the da Vinci robot (Intuitive Surgical, 
Sunnyvale, CA) in urological surgery. These devices have been 
developed to help overcome some of the inherent disadvantages of 
conventional laparoscopy. Robotic-assisted paediatric urological 
surgery has emerged as a valid and reliable surgical therapy, which 
maintains the advantages of the minimally invasive approach, but 
avoids the difficulties and disadvantages of laparoscopic surgery. 


Laparoscopic urological surgery 

General principles 

Laparoscopy has been a relatively recent development to treat uro- 

logic pathology. 

History 

1991 First laparoscopic nephrectomy and nephroureterectomy, 
Clayman, USA! 

1991 First laparoscopic pelvic lymphadenectomy, Schuessler, USA? 

1992 First laparoscopic cystectomy, Parra, USA* 

1993 First laparoscopic pyeloplasty, Schuessler, USA5 

1997 First laparoscopic radical prostatectomy, Schuessler USA® 


+ Deceased 


Some of these procedures have clear benefits in comparison to open 
surgery, but some do not, though may prove to with time. A sur- 
geon must recognize his or her limitations with these procedures 
and more complex cases may need additional support from more 
experienced laparoscopic urologists. 

Appropriate patient selection is essential and each case treated 
on its merits with careful consideration of each patients expecta- 
tions. Pain, though less, does occur, and requires postoperative 
analgesia and convalescence. General anaesthesia is required and 
some patients, for example those with severe cardiopulmonary dis- 
ease, may not be able to undergo laparoscopy. Patients with mild 
to moderate chronic obstructive pulmonary disease may struggle to 
compensate for the hypercarbia associated with insufflation and the 
insufflation pressures may need to be reduced.’ Laparoscopy is con- 
traindicated in patients with severely dilated bowel from functional 
or obstructive ileus, uncorrected coagulopathy, untreated infec- 
tion, or hypovolaemic shock.’ As a general rule though, patients 
who are fit enough to undergo anaesthesia for open surgery are 
also deemed fit for laparoscopic/robotic surgery. Care needs to be 
taken in patients who have had previous retro- or transperitoneal 
surgery. Adhesions are more likely and an open access approach is 
recommended. Obese patients can present problems with trocar 
placement, masked anatomic landmarks, and difficulty acquiring an 
adequate intra-abdominal pressure, thereby limiting the workspace. 
However, it should be noted that laparoscopic/robotic surgery in the 
reoperative setting and in obese patients are now being routinely 
performed at centres with experience in minimally invasive surgery. 

Informed consent must be obtained with discussion of all com- 
plications, including quoting the surgeon’s own experience. Patient 
preparation is discussed in relation to each procedure. 


Basic laparoscopic equipment 


Video systems 
The laparoscopic image is created through combining a laparo- 
scope with the video system. The video system consists of a video 
camera, light cable, light source, a video processor (often referred 
to as the camera control unit (CCU)) and video display (monitor).° 
The laparoscope usually has a 0 or 30 degree lens and is most 
commonly 10 mm in size (range 2.7-12 mm). Larger laparoscopes 
give a wider field of vision, better optical resolution, and brighter 
image. The camera is locked to the eyepiece in its correct position 
with 0 degree laparoscopes, while with 30 degree laparoscopes it 
is loosely attached allowing the laparoscope to rotate. The camera 
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assistant needs to hold the camera in the true upright position 
while rotating the laparoscope to allow a wider and more complete 
field of vision. This is especially helpful around vascular structures. 
However, inexperienced camera assistants can easily disorientate 
the view with 30 degree laparoscopes, with potentially disastrous 
effects on correct identification of anatomy. 

The camera head contains charge-coupled devices (CCDs) com- 
posed of minute photoelectrical elements (pixels) arranged in a rect- 
angular grid allowing image acquisition. Reflected light from the 
surgical field is focused on the pixels by the endoscope lens system, 
producing an electronic response from the pixels, which is transmit- 
ted by wire to the video processor for conversion to a video signal. 

Video cameras contain either one CCD or three CCDs; called 
one chip and three chip cameras; three chip cameras provide higher 
resolution and better colour reproduction. Video processors are 
usually designed to accept input from either a one chip or a three 
chip camera but not both; however, there are exceptions. 

Video monitors are available in various sizes, with higher reso- 
lution images being obtained with smaller screens. One monitor 
will suffice with pelvic procedures, while two are needed with 
upper tract surgery to allow clear views to surgeons, assistants, 
scrub nurses, and anaesthetist. 


Integrated operating theatres 

Integrated operating theatres (ORs) are theatre suites which pro- 
vide interactive monitoring and centralized control from a single 
operator panel and have speaker-independent voice control that 
enable devices such as cameras, lights, video conferencing units, 
picture archiving and communication systems (PACS), high fre- 
quency equipment, room functions, and the operating table to 
be operated from the sterile area. Examples include the OR 1TM 


system by Karl Storz or the EndoalphaTM Centralized OR system 
by Olympus (Melville, NY). 

All the equipment including cables is boom mounted, and there- 
fore safer. It is easier for staff to move around the theatre, which is a 
health and safety aspect. Monitors can be positioned where they are 
required. Fewer staff are required due to the central control; how- 
ever, the system requires more training and increases the depend- 
ence on a team effort. 


Insufflation system 

To achieve satisfactory working space in either the peritoneum or 
retroperitoneum insufflation is required. Usually CO, is used via 
tubing attached to the initial hasson port or veress needle. Flow is 
initially at 1 L/min to assess safe entry and can then be increased to 
high flow (20-40 L/min). In patients with chronic respiratory dis- 
ease, the accumulation of CO, in the blood can be dangerous and 
helium has been used as an alternative insufflation gas. 


Laparoscopic trocars 

Numerous disposable and reusable trocars are available in vari- 
ous sizes (2 mm, 5 mm, 10 mm, 12 mm, and 15 mm) (Fig. 2.22.1). 
The trocar tip can be bladed or blunt. The larger ports (10, 12, and 
15 mm) have a valve or reducer system to allow the passage of 
smaller instruments without gas leakage. Longer trocars are also 
available for morbidly obese patients. BAUS now recommends the 
use of non-bladed, radially dilating trocars to minimize the risk of 
trocar injury during insertion. 


Handpieces 
A huge range of these exist, both reusable and disposable, and the 
choice is an individual one. 


Fig. 2.22.1 12 mm and 5 mm disposable ports (Covidien). 
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Fig. 2.22.2 Cutting scissors (top), Maryland graspers (middle), and Johann graspers (bottom). 


Grasping instruments 

These instruments are traumatic or atraumatic, locking or 
unlocking, single or double action, and come in various sizes (2- 
12 mm). Reusable instruments are modular allowing attachment 
of different tips to different handles with varying shaft lengths 
(Fig. 2.22.2). 


Cutting instruments 

Straight or curved scissors are available with attachment for elec- 
trosurgical leads to deliver monopolar diathermy. The coagulation 
is set at 30-55 W and cutting at 35 W. The J hook can also be used 
to dissect through tissues using monpolar diathermy and is very 
precise around vascular structures. Bipolar devices also exist that 
will coagulate the tissue but then need to be cut with another device 
(Fig. 2.22.3). 


Needle holders 

Many of these exist and the surgeon needs to try each out and select 
his own. Numerous devices have also been developed to facilitate 
both intra and extracorporeal suturing. These may help the nov- 
ice laparoscopist, but we believe freehand intracorporeal suturing 
allows the greatest flexibility and versatility. 


High-energy dissectors 
Numerous devices, for example Harmonic (Ethicon), Ligasure 
(Covidien), hydrodissector, and argon beam have been introduced 
for laparoscopic tissue cutting and haemostasis (Fig. 2.22.4). 
Ultrasonic energy allows tissue cutting and coagulation at lower 
temperatures (50-100°C) reducing scatter and charring. Ligasure 
seals vessels <7 mm in diameter reliably and reduces charring,!° 
and while the Harmonic ACE scalpel can seal vessels up to 5 mm, 


this is not a consistent event.!°-!! The Harmonic ACE device 
was superseded by the Harmonic ACE+7 device (Fig. 2.22.5) 
which now reliably seals vessels up to 7 mm using the Advanced 
Hemostasis model. 

The argon beam coagulator is good for haemostasis on super- 
ficial bleeding surfaces such as liver, spleen, kidney, and muscle. 
There is no forward scatter from this device, but it can cause a very 
rapid rise in intra-abdominal pressure. One of the trocars should be 
continuously vented to avoid this.!! Newer energy devices include 
Sonicision (Coviden), the first cordless ultrasonic dissection device, 
and Thunderbeat (Olympus), the first integrated instrument that 
delivers both advanced bipolar and ultrasonic energy in a single 
device. All these devices are potentially financially restrictive. 


Clips and staplers 
These devices are vital to control medium and large calibre vessels. 
The clips are either made from titanium or plastic and may or may 
not interlock. The titanium clips are applied through manual- or 
self-loading applicators and need to be evenly spaced and non- 
crossing when applied. The interlocking plastic clips allow visual- 
ization of complete encirclement of the vessel and are our preferred 
method. Various sizes now exist to ensure complete encirclement of 
different size vessels, including the renal vein (Fig. 2.22.6). 
Endoscopic staples are used mainly for large calibre vessels, such 
as the renal vein. They are of a linear GIA type, applying six rows of 
staples, and cutting between rows 3 and 4. Newer devices can also 
reticulate and articulate allowing a greater range of angles for appli- 
cation. Different cartridge sizes (30, 45, and 60 mm) and heights 
(2-, 2.5-, and 3 mm) are available. The staples cannot be applied 
over clips and care must be taken here. 
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Fig. 2.22.3 Diathermy hook (top), short right-angle (middle), and large right-angle (bottom). 


Aspiration and irrigation instruments 

A variety of these devices exist both reusable and disposable. The 
aspirator is either a 5 or 10 mm metal or plastic tube with suction 
controlled via a stop-cock or spring-controlled valve. The irrigation 
works via the same mechanism. Normal saline or Ringers solution 
are the usual irrigants and may need to be delivered under pressure 
(Fig. 2.22.7). 


Laparoscopic access 

Accessing the space to perform the relevant laparoscopic pro- 
cedure is fundamental to a successful outcome. If this step is 
not achieved correctly, problems from air leakage and a subse- 
quently inadequate operating space to trocar injuries can lead to 
a disastrous attempt at laparoscopic surgery and possible early 
conversion. 


Fig. 2.22.4 Harmonic scalpel (Ethicon) (top) and ligasure device (Covidien) (below). 
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Fig. 2.22.5 Harmonic ACE+7 device. 
Image reproduced courtesy of Ethicon Energy. 


With transperitoneal approaches, both open and closed access 
techniques have been described. 


Open access (Hasson technique) 

A 2.5 cm incision is made usually at the position of the laparoscope 
port site. The incision continues down through the various abdom- 
inal wall layers. We now place two ‘0’ PDS stay sutures into the 
rectus fascia, which aid closure at the end of the procedure particu- 
larly in obese patients and can improve the seal around the port. 
On reaching the peritoneum, it is grasped with a toothed forceps, 
clip or right-angle, palpated to check no bowel has been caught and 
opened sharply. A finger is introduced into the peritoneal cavity to 
check correct positioning. Obtaining an air tight seal is now critical 


to prevent insufflation leakage. A Hasson blunt tip cannula can 
be used and inserted into the peritoneal cavity and secured with 
the previously placed fascial sutures. Alternatively a blunt tip bal- 
loon cannula can be used, which allows the abdominal wall to be 
cinched between an inflated balloon and sponge on the cannula 
and this provides an excellent seal.!? 


Closed access using a Veress needle 

A Veress needle is placed percutaneously into the peritoneal cav- 
ity again via the laparoscope port site. The needle consists of a 
metallic needle with a retractable protective blunt tip. The blunt 
tip retracts when the tip of the Veress needle presses against a 


Fig. 2.22.6 Small (top), medium (middle), and large (bottom) clip appliers (Weklok). 
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Fig. 2.22.7 Example of irrigation sucker (Covidien). 


tough structure such as the fascia, exposing the sharp edge of the 
needle. Once the needle passes through the abdominal wall and 
into the peritoneal cavity, the blunt tip is deployed, protecting the 
abdominal viscera. The cannula is hollow, which allows peritoneal 
insufflation. !3 

Two distinct sensations of giving way are noticed during 
passage of the needle: one at the level of the external oblique/ 
rectus fascia, and the second at the transversalis fascia/periton- 
eum. Once through these layers, the needle is aspirated to rule 
out blood or bowel contents and correct placement is further 
confirmed by injecting a small volume of saline and watching 
the meniscus drop rapidly. A final confirmation is achieved by 
observing a low intra-abdominal pressure after initiating insuf- 
flation at a low flow (1 L/min). Once confirmed, the insufflation 
rate can be increased to maximum. When the abdomen is max- 
imally inflated (intra-abdominal pressure 15-20 mm Hg) the 
first trocar is placed, via an appropriate skin incision (to min- 
imize skin gripping on the trocar). With pelvic laparoscopic 
procedures, the bladder needs to be emptied, patient placed in a 
Trendelenberg tilt, and the needle directed towards the pelvis to 
avoid injury to the great vessels. 

Once the primary port has been placed, the additional trocars 
are placed under laparoscopic visualization, minimizing inadvert- 
ent vascular or visceral injury. 


Retroperitoneal access is usually via an open technique 

The initial incision is just below the tip of the twelfth rib. The skin, 
subcutaneous layer, and external oblique fascia are incised with 
scissors or diathermy. The fibres of internal oblique and transverses 
are separated bluntly with langebeck retractors revealing the thora- 
columbar fascia. This fascia is divided sharply and the retroperito- 
neum is entered. Fat oftens pouts when the fascia is incised, and 


to confirm that the retroperitoneum has been entered, a finger is 
inserted and the psoas palpated posteriorly and the lower pole kid- 
ney superiorly.!4 

Numerous devices can now be used to develop the working space. 
A 22 Fr silicone catheter with the middle finger of a surgical glove 
attached is an inexpensive and in our view effective way to dilate 
the retroperitoneal space.!> Between 500 and 600 mL of saline or 
air can be easily introduced via a bladder syringe. Although visu- 
alization of the dilatation is not possible we have not found this 
to be a problem. A superior alternative is the PDB balloon dilator. 
This allows visualization and positioning of the balloon to precisely 
dilate the space between the posterior abdominal wall and the kid- 
ney. The balloon is dilated up to 800 mL incrementally. 

A 10 mm blunt tip balloon trocar is then inserted through the 
incision to provide a good seal and minimize gas leak. This is even 
more important in the retroperitoneum, where a more limited 
working space generally exists. 


Basic laparoscopic skills 
Skills development is a steadily progressive acquisition of surgi- 
cal dexterity and spatial orientation. There now exists an urgent 
need for surgeons to be trained in laparoscopic/robotic skills until 
judged to be proficient by peers. Especially for the new generation 
of urologic surgeons, the surgical psychomotor skills needed for 
laparoscopy/robotics are readily learned and mastered by repetitive 
practice. 

Recommendations for acquiring basic laparoscopic/robotic skills 
involve: 


1. attending basic skills courses and live animal courses followed by 
working with a mentor when doing one’s clinical cases; or 


2. undergoing a laparoscopic/robotic fellowship. 
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Aspects of both of these approaches have been shown to reduce a 
surgeon's learning curve. However, tools to assess competency are 
presently not in place and these need to be developed with a sense 
of urgency. 

A significant issue is the lack of an easy laparoscopic urological 
procedure to allow for high-volume, repetitive practice. There is 
no urologic cholecystectomy! This problem may be overcome by 
simulation. This includes bench models, animal simulation, and 
cadaveric simulation. Developments are awaited in this area; tele- 
conferencing may also provide a novel approach to mentoring. 


Robotic urological surgery 


Telerobotic surgery involves placing a computer between the 
patient and the surgeon. The surgeon’s hand movements are digi- 
tized to improve dexterity. The system also has three-dimensional 
stereoscopic visualization and is intuitive for the surgeon. 

The da Vinci Surgical Robotic system (Intuitive Surgical, 
Sunnyvale, CA) represents the major technical advance in robot- 
ics. It is a master-slave telemanipulation system consisting of a 
remote console where the operating surgeon (master) controls the 
robotic surgical arms (slave) via a telerobotic videoscopic link. The 
surgeon controls the robotic arms with master handles which are 
located in a virtual three-dimensional space below the visual dis- 
play. Foot controls are used to activate electrocautery, repositioning 
the master handles, and focusing. The master handles also control 
endoscope selection and motion-scaling ratio, as well as filtering 
tremor in the surgeon’s hands and arms. In addition, tactile and 
force feedback—otherwise known as haptic feedback—can provide 
useful guidance to the surgeon. 

The robotic arm cart holds three or four robotic arms on a central 
tower. One arm holds the videoscope, while the others are used to 
attach instrument adaptors connected to robotic instrumentation 
through the trocars. Stereoscopic vision is provided via a 0 or 30 
degree three-dimensional endoscope. 

Currently the robotic device utilized in the paediatric and adult 
population is identical, utilizing 12 mm camera ports and 8 mm 
working ports. 

Access is achieved in the same way as for laparoscopy. Most 
robotic urological procedures (though not all) are performed 
transperitoneally, so a pneumoperitoneum is usually created as per 
laparoscopy. However a significant difference between laparoscopic 
and robotic port placement is the need for three or four ports for 
the robotic arms and procedure dependent one or two assistant 
ports. Port placement is even more critical in robotics as rotation of 
the operating table, bringing into use gravity as a natural retractor, 
is effectively lost without dedocking the robot. 

Following docking of the robot, various instruments, driven by 
surgeon preference and operation type, are placed into the opera- 
tive field. The robotic instruments have both an elbow and wrist 
joint, allowing seven degrees of freedom and two degrees of axial 
rotation mimicking natural motions of open surgery. 

The remote surgeon at the consul proceeds with the surgery. This 
is the next significant difference, that is, the remote presence of the 
surgeon with a single bedside assistant. For this reason alone, the 
reliance on the assistant is usually greater during robotic compared 
with conventional laparoscopy. The Si da Vinci robot has two con- 
suls (dual consul capability). Surgeons can exchange control of the 
instrument arms and endoscope using the surgeon touchpad, while 


a built-in intercom system facilitates communication. The addition 
of a second console enables two surgeons of the same or different 
specialties to collaborate on a single case; an immersive environ- 
ment for training new da Vinci surgeons; a platform for existing da 
Vinci surgeons to more efficiently refine techniques, and learn new 
procedures directly from their peers. 

The second potentially important development on the Si is the 
TilePro™ multi-input display. This allows the surgeon and the OR 
team to view 3D video of the operative field, along with up to 
two additional video sources such as ultrasound and computed 
tomography. This can be particularly helpful where repeated 
viewing of the images is required, for example during a par- 
tial nephrectomy. The latest Da Vinci robot, the Xi, uses a new 
overhead instrument arm architecture. This allows flexibility of 
laparoscope use on any arm and may improve access to certain 
anatomical sites. 

Robotic surgeons take advantage of the three-dimensional 
vision, the facile articulating robotic wrist, and the lack of tremor. 
It is recognized that the da Vinci system is expensive, and pro- 
spective data attesting to improved outcomes over standard lapar- 
oscopy are not available. Yet, robotics does have a shorter learning 
curve compared to conventional laparoscopy, which has led to 
its widespread adoption over a rather short period of time in the 
United States. 

Factors which have limited the uptake of robotic surgery in the 
paediatric population include the limited number of patients and 
indications for minimally invasive urologic surgery, the lack of 
paediatric sized ports, and the smaller working space compared to 
the adult population. 
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CHAPTER 3.1 


Anatomy, neurophysiology, 
and pharmacological control 
mechanisms of the bladder 


Donna Daly and Christopher R. Chapple 


Anatomy 
The bladder 


The bladder is a hollow muscular organ, lined on its inner aspect by 
an epithelium and on its outer aspect by a serosa. The thick detrusor 
muscle wall is formed by smooth muscle cells, which are controlled 
by central and peripheral neural inputs. Being a highly distensible 
organ, the anatomical position of the bladder varies depending on 
the degree of distension. The empty bladder is an entirely extra- 
peritoneal pelvic organ and lies behind the symphysis pubis in the 
shape of a flattened tetrahedron (three-sided pyramid). Anteriorly, 
the apex of the tetrahedron points towards the superior edge of the 
pubic symphysis (Fig. 3.1.1) and is anchored to the umbilicus by 
the median umbilical ligament. The superior surface is covered by 
peritoneum, behind which the sigmoid colon and small intestine 
usually rest. 

In females, the anterverted uterus lies against the posterosuperior 
surface (Fig. 3.1.2). With increasing distension, the bladder rises in 
the shape of a dome well above the symphysis pubis and becomes 
an abdominal organ which can be palpated and percussed in the 
suprapubic region. As the bladder distends, the parietal periton- 
eum is stripped upwards from behind the rectus abdominus, thus 
access to the bladder (such as for suprapubic catheter insertion) is 
possible without violating the peritoneal cavity. 

In males, the triangular base of the bladder faces posteriorly 
towards the rectum. Only the uppermost part of the posterior 
surface is covered by visceral peritoneum, forming the rectovesi- 
cal pouch. Below this level, the ductus deferens and seminal vesi- 
cles are adherent to the posterior surface, and the space between 
the bladder and rectum contains Denonvilliers’ rectovesical 
fascia. 


Bladder neck and trigone 


The lowest part of the bladder where the inferolateral surfaces meet 
the base is called the bladder neck. The lowest part of the neck is the 
triangular trigone. The two ureters each insert obliquely into the 
bladder posteroinferiorly, approximately 5 cm apart. The oblique 
external insertions are an important antireflux mechanism. ‘The tri- 
gone is histologically and embryologically different from the rest of 
the bladder and contains a rich plexus of neuronal tissue; it is also 
the least mobile part of the bladder and is firmly adherent to the 
underlying muscle. 


The bladder is composed of three distinct layers: 
+ Serosa—an outer adventitial connective tissue layer. 


+ Detrusor muscle—a smooth middle muscle layer, comprising 
interlacing muscle fibres running randomly in all directions. 
Only close to the internal urethral meatus do the fibres orien- 
tate themselves into three specific layers (inner—longitudinal, 
middle—circumferential, outer—longitudinal). 


¢ Urothelium—an innermost lining comprised of transitional cell 
epithelium that provides an elastic barrier that is impervious to 
urine. Immediately beneath this lies a suburothelial layer, which 
is metabolically active. 


The male urethra 


The total length of the male urethra is approximately 20 cm and is 
comprised of four sections: the short prostatic and membranous 
sections form the ‘posterior’ urethra, and the longer (approximately 
15 cm) bulbar and penile sections form the ‘anterior’ urethra. The 
anterior urethra is entirely enclosed within the corpus spongiosum 
and is sometimes termed the ‘spongy’ urethra. 

A continuation of the circular smooth muscle fibres from the 
detrusor forms the involuntary internal urethral sphincter at the 
level of the bladder neck and proximal urethra. This mechanism 
is sometimes termed the pre-prostatic sphincter and is important 
in preventing retrograde ejaculation of semen and in maintaining 
urinary continence. This sphincter is often injured during bladder 
neck or prostatic surgery, frequently resulting in retrograde ejacu- 
lation. However, incontinence occurs less commonly due to the 
presence of the voluntary external urethral sphincter composed of 
striated muscle, which surrounds the membranous urethra and is a 
further powerful anti-incontinence mechanism. 


The female urethra 


The female urethra is much shorter than the male urethra and is 
usually only about 4 cm in length. The urethra passes below the 
pubic symphysis embedded in the anterior vaginal wall, and it 
curves slightly forward during its course from the bladder neck 
(internal urethral meatus) to the external urethral meatus. 

A longitudinal layer of smooth muscle, continuous with the inner 
longitudinal layer of detrusor muscle surrounds a submucosa. This 
is surrounded by a thicker layer of circular smooth muscle, which 
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Fig. 3.1.1 Median sagittal section of male pelvis, showing the lower urinary tract. 


is continuous with the external detrusor muscle at the bladder 
neck. These smooth muscle layers form the involuntary urethral 
sphincter; however, compared to the male, the involuntary urethral 
mechanism at the bladder neck is poorly developed. Surrounding 
the involuntary muscle in the middle-third of the urethra is the 
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Fig. 3.1.2 Median sagittal section of female pelvis, showing the lower urinary tract. 
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circular voluntary striated muscle, which forms the external ureth- 
ral sphincter. This external sphincter is horseshoe-shaped and is 
thicker at the sides and ventrally. In contrast to males, the involun- 
tary bladder neck and voluntary external sphincters are not distinct 
structures and both sphincters are much less powerful in females. 
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Fig. 3.1.3 Posterior view of bladder and prostate, showing relations of adherent structures. 


The weaker sphincter mechanisms, coupled with the much shorter 
urethra may predispose to urinary incontinence. In addition, the 
urethra, sphincters, and their innervation along with the pelvic 
floor muscles may be injured during childbirth, further predispos- 
ing women to urinary incontinence. 


The prostate 


The prostate is an ovoid-shaped (walnut-sized), fibromuscular 
(30%), and glandular organ (70%). It weighs approximately 20 g 
and produces about 30% of the volume of seminal fluid, much of 
the remainder being produced by the seminal vesicles. Beneath the 
true capsule are circularly orientated smooth muscle fibres and col- 
lagenous tissue, forming an involuntary sphincter (Fig. 3.1.3). Deep 
in this layer is the prostatic stroma of connective and elastic tissues, 
smooth muscle fibres, and epithelial glands. The prostatic urethra is 
lined with transitional epithelium. 

The prostate lies entirely behind the pubic symphysis and is 
enclosed within a true capsule of strong connective tissue. Outside 
this is a layer of pelvic fascia forming a ‘false capsule. The base of 
the prostate is the superior surface of the organ and is fused to the 
neck of the bladder. The urethra emerges inferiorly from the base 
as the membranous urethra. The posterior surface of the prostate is 
separated from the lower rectum by the two layers of Denonvilliers’ 
fascia. This surface is readily palpable via the rectum. The semi- 
nal vesicles and the vas deferens join to form the ejaculatory ducts; 
these ducts pierce the prostate superior-posteriorly (where the 
prostate and bladder fuse) and pass obliquely through the gland. 

Formally the prostate was classified as consisting of lobes; 
although these did not correspond with histologically defined 
structures. The two lateral lobes are separated by a median sulcus 
which is palpable rectally. A median lobe (between the two ejacula- 
tory ducts) may protrude into the bladder neck and act as a valve, 
causing obstruction during voiding. 


Neurophysiology of the bladder 


Afferent innervation 


Bladder afferent nerves play a central role in spinal voiding reflexes 
and convey information to the central nervous system (CNS) about 
bladder function. Afferent projections from the bladder and urethra 
travel in the pelvic, hypogastric, and pudendal nerves and pass into 


discreet regions of the dorsal horn in the lumbrosacral spinal cord 
(T11-L2 and S2-S4). These afferents consist of myelinated A6 fibres 
and unmyelinated C fibres, which convey information about the 
extent of bladder wall distension, volume, and stretch, and the pres- 
ence of noxious agents to the brain. Ascending afferent projections 
travel via the lateral funiculs or the dorsal funiculs and terminate 
in a number of regions, including the preiaqueductal grey matter! 
where they convey information to the pontine micturition centre to 
initiate the micturition reflex.’ 

Previous studies have classified bladder afferents according to 
their neurochemical coding (peptidergic vs. non-peptidergic), their 
sensitivity (mechanosensitivity vs. chemosensitivity), or by their 
threshold for mechanical activation (low threshold vs. high thresh- 
old).4° However, more recent assessments of these nerves classify 
afferents according to the location of the receptive field (mucosal 
vs. muscle), the anatomy of the afferent terminal and physiological 
properties. Currently four functionally distinct classes of bladder 
afferents have been described. These include the stretch-sensitive 
‘muscle mechanoreceptors’ and ‘muscle-mucosal mechanorecep- 
tors’ and the stretch-insensitive ‘mucosal mechanoreceptors and 
chemoreceptors.® 


Efferent innervation 


Autonomic innervation to the bladder is conveyed by hypogastric 
and pelvic nerves and somatic innervation of the external urethra 
is conveyed via the pudendal nerve. Autonomic nerves fibres inner- 
vating the bladder are broadly classified as either sympathetic (adr- 
energic) or parasympathetic (cholinergic). 


Parasympathetic efferent fibres 


Sacral parasympathetic preganglionic neurones supplying the 
bladder and urethra are in the intermediolateral region of the 
sacral spinal cord (S2-S4 laminae v-vii) and pass to peripheral 
ganglia via the pelvic nerve where they synapse in either the pel- 
vic plexus, or the autonomic ganglia located in the detrusor wall. 
These intramural ganglia convey (and can modulate) information 
from the preganglionic parasympathetic fibres to the smooth mus- 
cle.” Postganglionic neurons richly innervate the musculature of 
the bladder dome and urethra and are predominantly excitatory. 
Terminal regions of the parasympathetic postganglionic nerves 
have vesicle-filled varicosities, which release neurotransmitters 
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such as acetylcholine (ACh), providing the main excitatory input 
to the bladder body resulting in bladder contraction via mus- 
carinic receptors. 


Sympathetic efferent fibres 


Sympathetic pathways originate from T11-L2 of the thorocolum- 
ber spinal cord and pass into the lumbrosacral sympathetic chain 
ganglia, and then to the preverterbral ganglia in the superior 
hypogastric and pelvic plexuses, or to short adrenergic neurones 
in the bladder and urethra.! Some fibres from the sympathetic 
chain may pass to the pelvic nerve and are carried in conjunction 
with parasympathetic preganglionic neurones of the pelvic plexus.® 
Sympathetic postganglionic nerves release noradrenaline, provid- 
ing the main excitatory input to the urethra via a-adrenoceptors 
and an inhibitory input to the bladder body via B-adrenoceptors.? 


Somatic efferent fibres 


The somatic innervation of the urethra arises from Onufs nucleus 
located in the ventral horn of the spinal cord (S2-4) and projects 
via the pudendal nerve to the external sphincter muscles, which it 
excites the muscle via acetylcholine release.!° 


The detrusor muscle 


The bladder is largely a muscular organ made up of smooth muscle 
called the detrusor, a term derived from the Latin word meaning ‘to 
drive out: Muscular tone and contraction are controlled by com- 
plex mechanisms involving interactions between the CNS and local 
release and degradation of transmitters related to adrenergic, cholin- 
ergic, and non-adrenergic non-cholinergic mechanisms (NANC). 
The detrusor is a highly compliant muscle which can stretch and 
accommodate without a significant increase in tone, a property that 
is termed ‘receptive relaxation, and which is essential to maintain 
low intravesical pressure during bladder filling. This is achieved due 
to the innate elastic properties of the muscle and to relaxation as a 
result of stimulation of sympathetic beta-adrenoreceptors. 


The urothelium 


The epithelial layer of the urinary bladder and the underlying lam- 
inar propria layer is a specialized lining called the urothelium. The 
epithelium is typically five to seven cells thick and consist of three 
layers: a basal cell layer (10 um diameter cells) attached to a base- 
ment membrane; an intermediate layer (10-25 um diameter cells); 
and an apical layer made from large specialized polyhedral cells, 
termed umbrella cells (25-250 um diameter cells)."! 


Barrier function 


The primary function of the apical layer is to protect the underlying 
tissue from damage or irritation by components of the urine con- 
tained in the bladder lumen and to control the passage of water and 
ions across the epithelial surface. The barrier function is maintained 
by several properties of the apical cell layer. The cells have special lipid 
membranes and contain plaques known as uroplakins, which cover 
90% of the cell surface; this reduces the permeability of the urothe- 
lium to small molecules such as water, urea, or protons. The apical 
layer is also extensively interconnected by high resistance tight junc- 
tions, which limit the movement of ions and solutes between cells.1? 
In the empty bladder, the urothelium is highly pleated and folded 
in to rugae. During filling and storage, the urothelium under- 
goes conformational changes to ensure that intravesical pressure 


remains low while barrier function is maintained. The intermediate 
and basal cell layers are pushed laterally to unfold the urothelial 
surface and the umbrella cells transform from a roughly cuboidal 
shaped to a flat and squamous morphology. This transitional change 
is accompanied by an ATP-dependent fusion of subapical vesicles 
(which can be discordal or fusiform shaped), which increases the 
epithelial surface area.1113 


The role of the urothelium in sensation 


Over the last decade it has become clear that the function of the 
urothelium extends beyond its role as a passive barrier. It is now 
apparent that it is a dynamic structure which plays an active role in 
bladder physiology. 

Together with the proximity of sensory nerve terminals, the 
urothelium is in the ideal location to monitor bladder filling and 
influence nerve activity. An array of ion channels and receptors 
normally associated with neurotransmission have been located 
on urothelial cells (some highlighted in Table 3.1.1) and stud- 
ies have shown that the urothelium releases a host of excita- 
tory and inhibitory signalling molecules in response to stretch, 
distension, !4-!8 and noxious stimulation (such as acidic condi- 
tions).!9 These molecules act downstream at the afferent termi- 
nal to modulate and control afferent nerve activity. The most 
well-recognized example is the graded release of ATP from the 
urothelium during bladder filling, which activates puringeric 
receptors (P2X2 and P2X3) located on nerve terminals to induce 
afferent nerve activity.?° This has led to the concept that bladder 
afferent transmission is a multifactorial process involving cross- 
talk between the urothelium and the sensory nerves, which work 
together to form a sensory web.?! 


The role of the urothelium in bladder tone 


In addition to modulating sensory function, the urothelium may 
also modulate bladder smooth muscle tone via the release of trans- 
mitters, which diffuse to the underlying smooth muscle. Most nota- 
bly ACh, NO, and ATP are released by the urothelium in response 
to stretch and have been shown to modulate contractility of blad- 
der smooth muscle strips in in vitro studies. Interestingly, there is 
also evidence of an unidentified inhibitory mediator, released by the 
urothelium in response to muscarinic and electrical stimulation.??-37 

Contraction of isolated feline bladder strips were augmented when 
the urothelium was removed, suggesting that the urothelium releases 
an inhibitory mediator which affects the tone or contractile ability 
of the underlying smooth muscle.*® A similar inhibitory factor was 
also identified by Foveus et al. (1999), who found an endogenously 
released mediator from the rat bladder could inhibit the contract- 
ile response to the denuded rat aorta. This mediator was unaffected 
by the presence of a cycoloxygenase inhibitor, indomethacin, or a 
nitric oxide synthase inhibitor. However, in contrast to the factor 
suggested by Levin et al. (1995), it was not believed to be urotheli- 
ally derived since the relaxatory response was unaffected by removal 
of the urothelium. Hawthorn et al. (2000) also identified a similar 
mediator in the pig bladder, which was believed to be a diffusible 
inhibitory mediator of urothelial origin. Whether these studies have 
identified the same factor is unclear, however consistent with the 
findings of Foveus et al. (1999), release of this factor was unaffected 
by inhibition of the nitric oxide pathway or by blockade of catechol- 
amine and cyclooxygenase. The factor now termed the ‘urothelium- 
derived inhibitory factor’ (UDIF) inhibits the contractile response 
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Table 3.1.1 Receptors expressed in the urothelium 


Receptor/ stimulus Subtype expression on the urothelium 


Species/evidence 


Purinergic P2X«, P2X¢, P2X, Rat Lee et al. (2000)22 
POK Rat and human Elneil et al. (2001)? 
P2X,_, and P2Y, 5, Cat Birder et al. (2004)*4 
TRP TRPV1 Rat and mouse and human Lazzeri et al. (2004); Birder et al. (2001)2526 
TRPM8 uman and rat Stein et al. (2004)?7 
TRPV4 Rat and human Birder et al. (2007)8 
Muscarinic M,-Mg uman and mouse Zarghooni et al. (2007); Bschleipfer et al. (2007); 
Mansfield et al. (2005)??-3! 
Nicotinic a3, a7, 05, B3-4 Rat Beckel et al. (2006)?4 
7,009,010 uman Bschleipfer et al. (2007)2° 
02,4,5,6,7,9 &10 Mouse Zarghooni et al. (2007)? 
Bradykinin BK2 Rat Chopra et al. (2005)*3 
Noradrenaline ald Rat Ishihama et al. (2006)34 
B-adrenergic Human Harmon et al. (2005)35 
Amiloride sensitive Na+ ENac Rat and rabbit Burton et al. (2002); Watanabe et al. (1999)337 
channel 


of the bladder smooth muscle by up to 50% in vitro.3940 Whether 
this mediator contributes to normal contractile function and tone in 
vivo is unclear. Some investigators have disputed this idea, suggesting 
that the plexus of blood vessels which forms in the suburothelium, 
between the urothelial cells and the muscle, would act as a diffusion 
barrier. However, if identified, the UDIF could be a promising future 
target for the treatment of various lower urinary tract conditions. 


Interstitial cells 


Interstitial cells (ICs) of the bladder were first described by Smett 
and Jonavicius in 1996. It is now known that bladder ICs are struc- 
turally similar to the well-characterized interstitial cells of Cajal 
(ICC) located in the gut (see*!4?). They are widely distributed 
throughout the lower urinary tract and form two distinct plexus; 
one which lies beneath the urothelium, and the other within the 
smooth muscle layers.43-47 

The ICCs of the gut have a well-described pacemaker function, 
drive peristaltic activity, and act as intermediaries in transmitting 
signals from the nerve to the muscle; however, the function of blad- 
der ICs has yet to be fully established. Studies to date suggest that 
the two plexus of bladder ICs have distinct physiological properties 
and may have distinct functional roles, with the suburothelial ICs 
participating in amplification and transduction of signals between 
the urothelium and sensory nerves, and muscle ICs acting as mod- 
ulators of detrusor smooth muscle spontaneous contractile activity. 
While more research is still required to fully understand how ICs 
contribute to normal function and pathophysiology of the lower 
urinary tract, these unique cells may be an attractive target for the 
future treatment of lower urinary tract disorders. 


Micturition 


For the bladder to be effective at storing and voiding in a controlled 
and efficient manner, all myogenic and neurogenic components 
need to function in a coordinated manner. This is achieved in a 
regulated cycle of events known as the micturition cycle. During 


bladder filling, urine is transferred to the bladder via the ureters at 
low pressure in a continuous fashion and at a rate dictated by renal 
urine production. Sympathetic stimulation initiates the release of 
noradrenaline, which acts via B-adrenoreceptors (predominantly 
the 63-adrenoreceptors in humans) to relax detrusor smooth mus- 
cle, and via a1-adrenoreceptors located on the muscle of the urethral 
outlet to contract the urethral sphincter mechanism. During the 
filling phase, the bladder accommodates to the increase in volume 
without a significant rise in intraluminal pressure. This compliance 
is dependent on both the spinal reflex mechanisms and the passive 
electrical properties of the musculature in the wall. During filling, 
afferent nerve firing frequency gradually increases in response to 
stretch, distortion, and increased tension, furthermore influenced 
by the additional non-neuronal release of neurotransmitters; trans- 
mitting signals to the brain, via the lateral spinalthalamic tracts and 
sacral cord (Fig. 3.1.4). This activity initiates the ‘desire to void’ and 
a switch from the filling to voiding phase occurs. This is either vol- 
untarily (in the adult) or involuntarily (in the infant) by a release 
of the negative inhibition imposed by the higher centres on the 
pontine micturition centres, resulting in parasympathetic stimula- 
tion of the detrusor muscle and inhibition of the sympathetic and 
somatic pathways. This switch inhibits the excitatory input to the 
striated urethral sphincter, and the muscle of the internal urethral 
sphincter is relaxed by a release of nitric oxide from the parasym- 
pathetic nerves.*8 Simultaneously, parasympathetic nerves inner- 
vating the dome and body of the bladder release ACh, eliciting an 
acute bladder contraction via muscarinic receptor stimulation (Fig. 
3.1.4). The contraction of the muscle causes an increase in intra- 
vesical pressure and a flow of urine though the urethra.*” 


Pathology and lower urinary 
tract symptoms 


Any physiological disruption in the micturition cycle can give 
rise to a number of lower urinary tract symptoms (LUTS). These 
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Fig. 3.1.4 (A) Bladder storage pathways. During filling, distension of the bladder activates low-level afferent nerve activity. This activates sympathetic outflow in the 
hypogastric nerve (resulting in inhibition of the detrusor muscle and activation of the internal urethral sphincter) and activation of pudendal innervation to the external 
urethral sphincter (resulting in contraction). (B) Bladder voiding pathways. High-level afferent firing activates spinobulbospinal reflex pathways that pass through the 
pontine micturition centre. This activates parasympathetic nerves resulting in contraction of the detrusor muscle and inhibition of the internal sphincter, and inhibition 


of the pudendal outflow to the external urethral sphincter. 


Adapted by permission from Macmillan Publishers Ltd: Nature Reviews Neuroscience, Volume 9, Issue 6, Clare J. Fowler et al, ‘The neural control of micturition’, pp. 453-466, Copyright © 2008. 


disorders can be broadly subdivided into storage disorders (such 
as overactive bladder symptom syndrome) comprising frequency, 
nocturia, urgency, and urgency incontinence (OABS), bladder pain 
syndrome (BPS), and voiding disorders (such as premicturition 
delay, poor stream, and incomplete bladder emptying). 


Storage disorders 


During bladder storage, it is essential for the urethral outlet to 
remain closed, the detrusor muscle to accommodate to increasing 
volumes, and the afferent nerve activity to remain low (below the 
level of conscious sensation). This ability can be compromised by a 
reduction in bladder capacity (either functional due to infection or 
detrusor overactivity, or anatomical as a consequence of a reduced 
bladder capacity due to fibrosis such as follows chronic infection c.f. 
tuberculosis or surgery or radiotherapy), altered functional capac- 
ity caused by increased sensation (due to OABS, lower urinary tract 
infections, or BPS) or neurourological disorders (such as diabetic 
neuropathy, spinal injury, and multiple sclerosis). Symptoms of 
storage dysfunction include: 


+ Urgency—the sudden compelling desire to empty the bladder, 
which is difficult to defer. 


+ Frequency—frequent urination defined emptying the bladder 
> 8/day (50). 


+ Nocturia—waking in the night to empty the bladder result- 
ing in sleep disturbance, each void preceded and followed by 
sleep. 


+ Urinary incontinence—involuntary loss of urine, which can be 
continuous or intermittent. 


+ Enuresis—involuntary loss of urine during the night. 


+ Bladder pain during filling—once infection or other intravesical 
pathology has been excluded, this is a characteristic feature of BPS. 


Bladder pain syndrome 


Bladder pain syndrome is a condition of unknown aetiology and is 
a diagnosis by exclusion of other significant intravesical pathology 
(see also Chapter 1.11). BPS is disorder which leads to an increase 
in urinary frequency (+ urgency, + bladder pain) in which cystom- 
etry fails to demonstrate a rise in the filling detrusor pressure, sug- 
gestive of detrusor overactivity. Urinary frequency is a prominent 
symptom and bladder pain, rather than impending incontinence, is 
the trigger. Urgency may also occur but incontinence is not usually 
present. Nocturnal frequency is often less than diurnal frequency 
in hypersensitive bladders. Bladder pain, when present, is usually 
relieved by voiding. Dysuria may be a symptom and suggests the 
presence of inflammation in the urethra. Strangury is suggestive 
of trigonal inflammation. Dyspareunia, or painful intercourse, is 
common in patients with bladder hypersensitivity and haematuria 
is present in 20-30% of cases. 

The symptoms are of BPS are chronic. Typically, the onset of BPS 
can be traced back to a previous probable urinary tract infection, but 
often a urine culture has not been performed. The patient receives 
a course of antibiotics and the symptoms disappear for a while. 
However, the urine is proved sterile by urine cultures, antibiotics do 
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not work, and the symptoms persist. Women often report improve- 
ment at the end of their menstrual cycle and many will have had 
previous hysterectomy, perhaps for lower abdominal pain, but no 
obvious gynaecological pathology. Examination may be unremark- 
able but attention should be paid to the urethral meatus, which may 
be inflamed or show mucosal prolapse. There may also be bladder 
tenderness, both suprapubically and on vaginal examination. A gen- 
tle bimanual examination will identify other pelvic pathology. 

All patients require urinalysis and culture; urine cytology is rec- 
ommended in selected cases. X-ray studies are generally not useful 
in the evaluation of patients with bladder hypersensitivity, although 
pelvic ultrasound may be helpful in excluding gynaecological dis- 
ease. All cases of hypersensitive bladder should undergo cystoscopy 
preferably combined with bladder hydrodistension (at a presure of 
80 cm water for two minutes) and bladder biopsies. A proportion 
of patients are improved symptomatically following this procedure, 
often combined with a urethral recalibration. 

Treatment of patients with bladder hypersensitivity is directed at 
the underlying disease process, but unfortunately this is not always 
known or understood. Subsequently, therapy is entirely empiri- 
cal, as the evidence base for the efficacy of all therapy is limited at 
present. A commonly utilized therapy is to instil protein solutions 
intravesically with the intention of ‘relining’ the bladder urothelium, 
as it is a commonly held view that a significant causative problem 
is loss of the lining proteinaceous glucosamine glycan layer (GAG) 
layer in the bladder. All pharmacologically active therapy is entirely 
empirical and directed at the relief of pain. 


Overactive bladder syndrome 


The most common storage disorder of the bladder is overactive blad- 
der syndrome (OABS).°° OABS is characterized by the International 
Continence Society®! as urgency, with or without urinary inconti- 
nence (roughly one-third of patients exhibit urinary incontinence), 
frequency, and nocturia in the absence of a proven infection or 
obvious pathological condition. OABS is reported to have an over- 
all prevalence of 11.8%, comprising 10.8% in males and 12.8% in 
females.5*°3 The condition affects all ages, but the prevalence of 
OABS significantly increases with age. Overactive bladder (OAB) 
has a severe impact on quality of life, negatively affecting work pro- 
ductivity, self-esteem, emotional well-being, and social interaction. 
Approximately 70% of patients with OABS have urodynamically 
proven detrusor overactivity (DO). DO is a urodynamic observa- 
tion that manifests as involuntarily contractions of the detrusor 
muscle, which occur during the bladder filling phase. DO may be 
either idiopathic, which is the case for the majority of cases classified 
as having OABS, or as a result of neurogenic detrusor overactivity. 


Neurogenic detrusor overactivity 


Neurogenic detrusor overactivity (NDO) is defined as bladder over- 
activity which results due to neurological dysfunction, or degen- 
eration of the neural pathways controlling micturition. Neurogenic 
OAB can be caused by supraspinal, suprasacral, or infrasacral lesions. 


+ Supraspinal: Lesions occurring above the pontine micturition 
centre leading to a loss of voluntary voiding, the pontine mic- 
turition centre is still intact; thus the micturition reflex is still 
coordinated, but voluntary control is lost. 


+ Suprasacral: Spinal cord trauma above the sacral region of 
the spinal cord leads to a loss of feedback to higher centres. 


Immediately following a spinal trauma, there is a ‘spinal shock’ 
where there is little neurological activity for a period of time. The 
spinal reflexes gradually recover, but are uninhibited due to a loss 
of control from the higher centres. Sphincter and detrusor con- 
tractions are also uncoordinated due to a loss of input from the 
pontine micturition centre, known as so-called detrusor sphinc- 
ter dyssynergia. 


+ Infrasacral: Damage to motor or sensory neurones results in a 
loss of nervous input to the bladder. 


Idiopathic detrusor overactivity 


Idiopathic detrusor overactivity (IDO) is defined as bladder over- 
activity with no identifiable cause and most cases of OAB fall into 
this group. The mechanisms involved in the pathophysiology of 
OAB are likely to be complex and involve a combination of periph- 
eral and central components including sensory neural pathways, 
efferent activity, and the detrusor muscle. 


Detrusor overactivity versus overactive bladder? 

OABS is a symptomatic diagnosis, whereas DO is a urodynamic 
observation. Urgency and the other symptoms associated with 
OABS are generally correlated with the presence of DO, however 
the two are not synonymous to each other and studies suggest only 
65% of OAB patients had identifiable DO.*4 The exact cause of DO 
is unclear in the absence of a recognized neurological history, how- 
ever there are currently three hypotheses proposed to explain the 
basis of DO. 


1. A myogenic hypothesis for detrusor overactivity. 

The myogenic hypothesis for detrusor overactivity suggests that 
DO arises due to changes in smooth muscle function resulting in 
hyperexcitability of smooth muscle cells and/or increased elec- 
trical coupling resulting in uncontrolled spontaneous contractions. 
In support of this hypothesis, studies have identified increased 
spontaneous contractile activity in bladder strips taken from DO 
patients with bladder outflow obstruction,°>*° changes in electrical 
coupling of the detrusor,>”** and alterations in calcium handling.*? 


2. A neurogenic hypothesis for detrusor overactivity. 

The neurogenic hypothesis for detrusor overactivity suggests that 
DO arises due to changes in peripheral and central neural mecha- 
nisms resulting in loss of voluntary or supraspinal control of the 
bladder. This hypothesis suggests that injury or damage to the 
descending inhibitory pathways from the higher centres evokes 
reorganization, sensitization, neuroplasticity, and spouting of 
nerves to give rise to nerve-mediated excitation of the detrusor 
muscle.! 


3. An integrative hypothesis for detrusor overactivity. 
The integrative hypothesis for detrusor overactivity suggests that 
DO arises due to changes in the function of other cells types such as 
the IC cells, the urothelium, and peripheral afferent nerves, leading 
to enhancement of autonomous contractions.°° 

While the exact pathogenesis of OABS is not yet understood 
the cardinal symptom of OABS is urgency, which is presumed to 
arise from increased sensory nerve activity, enhancing the sensa- 
tion of fullness and triggering the premature onset of micturition. 
However, whether this is caused by direct alterations in afferent 
neural traffic due to peripheral factors (such as altered morphology 
and function of the nerve terminal), or is secondary to alterations 
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in other components (such as the urothelium and detrusor), or due 
to changes in the central control mechanisms (with a change in the 
negative inhibition of the pontine micturition centre) is at present 
not clearly established. 

Some studies have suggested that DO elicits an increase in mech- 
anosensory nerve activity and that this results in urgency. There 
are also studies suggesting that urgency is caused by changes in 
urothelial-afferent interactions or altered IC cell function. As blad- 
der function is dependent on the complex integration of a number 
of myogenic and neurogenic components, it seems likely that the 
pathogenesis of OABS is multifactorial, changes over time, and var- 
ies between patients. This is exemplified by the finding that only 
a proportion of OABS patients exhibit DO and that not all OABS 
patients have urinary incontinence. However, there is an obvious 
increase in the prevalence of OABS with increasing age and both 
central and peripheral mechanisms are likely to be of importance, 
although clearly their relative role will vary in individual patients. 


Voiding disorders 


To ensure efficient bladder emptying, without residual urine 
remaining, the detrusor muscle must contract effectively and the 
urethral sphincters must open to reduce outlet resistance and allow 
urine passage. This is achieved by the parasympathetic release of 
acetylcholine onto the muscle from the efferent nerve terminals 
and a concomitant relaxation of the urethral outlet (the urethral 
sphincter in the female, the bladder neck, prostate, and the distal 
urethral sphincter in the male). It is important to note that the 
female bladder neck is poorly formed anatomically, is often weak, 
and has questionable functional significance. Normal voiding can 
be compromised by a reduction in the power of the detrusor to 
contract (due to muscle atrophy or detrusor failure, which can 
be myogenic and/or neurogenic in aetiology), or increased outlet 
resistance (due to enlargement of the prostate). 
Symptoms of voiding dysfunction include: 


+ Poor stream—reduced urine flow 


+ Hesitancy—difficulty in initiating voiding resulting in a delay in 
the onset of voiding 


¢ Straining—abdominal straining to initiate or maintain bladder 
empting 


Detrusor failure 


Degeneration of the detrusor smooth muscle or damage either to 
the muscle or its neural control mechanisms may result in detrusor 
failure, resulting in incomplete bladder emptying, which may result 
in chronic urinary retention. Overdistension of the bladder can 
also result in myogenic failure, which may persist following relief 
of any underlying obstruction. Sensory and autonomic neuropathy, 
such as that consequent upon diabetes, can impair bladder empty- 
ing due to reduced sensation and impaired bladder function. 


Bladder pharmacology and therapeutic 
options for lower urinary tract symptoms 


Muscarinic receptors 


ACh is unarguably the most important neurotransmitter in the 
bladder. At the point of bladder emptying, it is released from 
parasympathetic efferent nerve terminals to elicit contraction of 
the body of the bladder. ACh activates muscarinic receptors on 


detrusor myocytes, causing an increase in intracellular calcium 
either via extracellular calcium influx, or mobilization of cal- 
cium from intracellular stores (Fig. 3.1.5). There are five muscar- 
inic receptor subtypes (M1-M5), and while all are present in the 
bladder, the detrusor muscle predominantly expresses M2 and M3 
subtypes,°!-©* with the density of the M2 receptors being three- 
fold greater than that of the M3 receptor.® Despite this difference 
in receptor number, it is widely accepted that the M3 receptor is 
functionally predominant. When activated by ACh, M3 receptors 
couple to G proteins and activate phospholipase C (PLC), causing 
production of diacyglycerol (DAG) and inositol triphosphate (IP3), 
resulting in increased cytosolic calcium via extracellular influx 
through L-type calcium channels and intracellular release from 
stores. This elevated cytosolic calcium produces contraction of the 
smooth muscle. The role of the M2 receptor is controversial, but 
some studies suggest that the M2 receptor may play a role in indir- 
ectly mediating bladder contraction via a synergistic mechanism 
involving the M3 receptor and/or inhibition of cyclic cAMP-medi- 
ated relaxatory pathways (Fig. 3.1.5). 


Antimuscarinics (Figure 3.1.5) 


Antimuscarinics are the first-line therapy for patients with OAB 
and DO. There are several antimuscarinic drugs currently recom- 
mended for treatment and these include oxybutynin, trospium, 
propiverine, and tolteradine, widely prescribed worldwide, and 
newer compounds such as solifenacin, fesoteradine, and dar- 
ifenacin. In general, these drugs are reasonably well tolerated and 
clinical studies report a significant reduction in urinary frequency, 
urgency, and urinary incontinence, and significant improvements 
in health-related quality of life. 

For many years, it was presumed that antimuscarinic drugs 
inhibit muscarinic receptors located on the detrusor to inhibit 
bladder contraction; however, this being the sole mechanism of 
action has become increasingly controversial. At licensed doses 
antimuscarinic drugs appear to work during the filling phase of the 
micturition cycle where there is no ongoing parasympathetic ACh 
release, they have efficacy at treating the sensory symptoms of OAB 
such as urgency, and have little effect on detrusor contraction force 
during voiding.® This has led to the suggestion that antimuscarin- 
ics might work via another mechanism of action. 


Antimuscarinics and sensory pathways 

All five muscarinic receptors have been detected in the urothelium 
and suburothelium?? with the M2 receptor predominant in num- 
ber. Several studies have identified the ACh synthesis and degrad- 
ation enzymes in the urothelium® and studies from the Yoshida 
laboratory have shown that in response to stretch, the urothelium 
releases ACh from a non-neuronal source.!® It has been suggested 
that urothelially released ACh acts in a paracrine manner on mus- 
carinic and nicotinic receptors in the urothelium to evoke the 
release of secondary mediators such as ATP (Fig. 3.1.5), which then 
acts downstream at the afferent terminal to modulate sensory nerve 
activity. This has led to the suggestion that these mechanisms are 
disrupted in disease states such as OABS and that antimuscarinic 
drugs work by inhibiting muscarinic receptors in the urothelium. 
Moreover, experimental studies conducted in rodents have shown 
that the antimuscarinics oxybutynin and darafenicin can inhibit 
sensory nerve firing during bladder filling.°” Together this has 
led to the speculation that clinical treatment with antimuscarinic 
may work by inhibiting sensory nerve activity either via a direct 
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Fig. 3.1.5 Schematic diagram showing the potential site of action of antimuscarinic drugs in the bladder. Parasympathetic release of ACh activates M3 receptors located 
on smooth muscle cells to elicit influx of extracellular calcium via L-type calcium channels and mobilisation of calcium from intracellular stores. Anti-muscarinic drugs 
primarily work by inhibiting ACh mediated contraction of the detrusor (1), however more recent studies suggest that they may also inhibit afferent nerve activity either 
directly by blocking muscarinic receptors on afferent nerve terminals (2) or by altering the release of mediators from the urothelium (3). 

ATP: adenosine triphosphate; P2X: purinoreceptor 2 subtype X; NA: noradrenaline; M1-5: muscarinic receptors 1-5; AR: adrenoreceptor; AC: adenylyl cyclase; Gi: G protein subunit |; Gp: G protein 


subunit; PLC: phospholipase C; DAG: Diacylglycerol; Ip3: Inositol trisphosphate; ACh: Acetylcholine; cAMP: cyclic adenosine monophosphate.. 


action at the afferent terminal, or in a mechanism involving the 
urothelium to prolong bladder filling, thus reducing frequency and 
attenuating urgency. However, much of the previous research was 
conducted using animal models and this mechanism of action has 
yet to be confirmed in humans. 


Beta-3 agonists (Figure 3.1.6) 


The urinary tract is innervated by both the parasympathetic and 
sympathetic nervous systems. In order to store increasing volumes 
of urine without a significant rise in intraluminal pressure, the beta- 
adrenoreceptors (BARs) located in the bladder dome and body medi- 
ate relaxation of smooth muscle during the bladder filling phase, in 
response to sympathetically mediated release of the neurotransmitter 
noradrenaline (Fig. 3.1.6). All three of the known isoforms of the BAR 
family have been identified in the bladder smooth muscle (6, ARs, 
B,ARs, and B,ARs), with the B,-AR subtype being the most abun- 
dant isoform and the most prominent for relaxation of the human 
detrusor. Several 6 ,-AR agonists have been shown to relax human 
detrusor muscle strips and supress spontaneous contractions in vitro, 
and in rodent studies, §,-AR agonists increase bladder capacity with- 
out altering micturition pressure.°*® Thus B,-ARs have been hailed 


as a potential treatment option for bladder storage disorders for sev- 
eral years. Mirabegron is the first 8,-AR agonist to be developed as 
a treatment for bladder dysfunction. It has recently completed phase 
3 registration trials and is approved as a new oral agent for the treat- 
ment of OAB. ‘The clinical evidence shows mirabegron to be a safe, 
well tolerated, and effective treatment option for urinary frequency, 
urgency, and incontinence symptoms associated with OABS.”° 


Beta-3 agonists and the urothelium 

In a recent experimental study, B3-ARs have also been identified 
in the urothelium. Stimulation of these receptors with two B3-AR 
agonists, TAK-677 and BRL37344, inhibited voiding frequency 
suggesting that B3-AR may have a role in sensory transmission 
(Fig. 3.1.6).7! This idea has also been supported by two studies which 
show that stimulation of §3-AR with intravenous administration of 
the selective 83-AR agonist CL316243 or mirabegron significantly 
inhibits afferent nerve firing in the rat, suggesting that 6 ,-AR ago- 
nists could improve the symptoms of urgency and frequency via an 
action on the sensory nerves.” Until recently it was assumed that 
the periphery was the main site of action of these drugs, however 
Fullhase et al. identified 8,-AR in the spinal cord and showed that 
intrathecal administration of the 8,-AR agonist BRL37344 inhibits 
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Fig. 3.1.6 Sympathetic release of NA activates B3-AR located on smooth muscle cells to inhibit smooth muscle tone via the generation of cyclic AMP. B3-AR 
antagonists primarily work by inhibiting contraction of the detrusor (1), however more recent studies suggest that they may also inhibit afferent nerve activity either 
directly at the afferent nerve terminal (2) or by altering the release of mediators from the urothelium (3). 

M2: muscarinic receptors 2; M3: muscarinic receptors 3; Gi: G protein subunit |; Gp: G protein subunit; PLC: phospholipase C; DAG: Diacylglycerol; |p3: Inositol trisphosphate; ACh: Acetylcholine; 


cAMP: cyclic adenosine monophosphate. 


reflex voiding in the rat, raising the possibility that B,-AR agonist 
could have a central site of action.”4 Studies are still required to fully 
understand the mode of action of these drugs in the human bladder. 


Botulinum toxin A 


The botulinum toxins are the most potent toxins known to man. 
They are renowned for their ability to specifically target and dis- 
rupt neurotransmission. There are seven distinct isoforms (BoNT 
type A-G) produced by the bacteria Clostridium botulinum. These 
toxins are now used to treat a host of medical conditions such 
as strabismus, blepharospasm, nystagmus, facial spasms, and 
dystonia. Over the past decade, BoNTA (marketed as Botox or 
OnabotulinumtoxinA (OnaBotA), and Dysport or abobotulinum- 
toxininA) injected into several distinct sites in the bladder wall, 
has emerged as a potent and effective treatment for many bladder 
conditions. Initially OnaBotA was used to treat detrusor sphincter 
dyssynergia associated with spinal cord injury.” However it has 
subsequently been reported to improve symptoms of idiopathic 
and neurogenic DO. Currently there are anecdotal reports about its 
use for treating symptomatic LUTS in men following injection into 
the prostate and in the management of PBS. 

BoNTs consists of a light chain and a heavy chain that are linked 
by a disulphide bond. The heavy chain is responsible for the bind- 
ing and transport of the toxin into the neuronal cytosol at various 
points in the peripheral nervous system. The light chain performs 
cleavage of intracellular proteins, preventing the endocytic release of 


neurotransmitters. In the neuromuscular junction of striated muscle, 
BoNTA binds to a specific high affinity binding site, synaptic ves- 
icle protein 2 (SV2) and enters the neuronal cytosol. It cleaves the 
SNARE protein synaptosomal-associated protein 25 (SNAP-25) 
preventing docking and fusion of ACh-filled vesicles into the syn- 
apse.’° In the bladder, BoNTA is believed to work by this mechanism. 
Clinical studies treating NDO and IDO have shown that BoNTA 
increases bladder capacity and reduces voiding contractile force, 
significantly reducing incontinence episodes.”” The effect has been 
reported to last six to eight months, have no loss of potency with 
repeated treatment, and cause no loss of tolerance for up to 10 years 
(Schurch personal communication). Because of its potent effect on 
the detrusor, bladder retention is a well-recognized feature of this 
therapy and patients need to be counselled relating to this before use. 
An increased incidence of urinary tract infections has been reported 
as a common adverse effects associated with BoNTA treatment, the 
exact mechanism for the genesis of this remains unknown. 

As BoNTA has also been shown to improve urgency symptoms 
and have optimal safety/eflicacy ratios at lower doses than initially 
thought,’® this has led to the speculation that BoNTA may also 
have some impact on the sensory nerves and the urothelium. Much 
of the evidence for this idea comes from experimental studies in 
rodents, which have shown that treatment with OnaBotA inhib- 
its transmitter release from the urothelium and attenuates afferent 
nerve responses to stretch in vitro.7°-* However, the exact mech- 
anism has not been identified. 
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Alpha-1-adrenoreceptors 


Alpha-1-adrenoreceptors (a1-ARs) are activated by adrenaline and 
noradrenaline, and mediate smooth muscle contraction via a com- 
plex second messenger cascade. Following ligand binding, a1-ARs 
couple to the Gq11 family of G proteins, generating phospholipase 
C, and activating diacyglycerol (DAG) and inositol-3-phosphate 
(IP3). This results in calcium mobilization from intracellular stores 
and subsequent contraction. Alpha-adrenoreceptors have been 
extensively characterized by radioligand binding and molecular 
approaches and three al-AR subtypes have been cloned, a1 ,-AR, 
al,-AR, and al,-AR. Some expression of the al,-AR and alp-AR 
has been identified in the lower urinary tract; however, the al ,- 
ARs predominate with expression on the proximal urethra, the 
prostate, the vas deferens, ureters, the detrusor, and on the central 
and spinal innervation. 

Benign prostatic hyperplasia (BPH), is a highly prevalent disor- 
der affecting more than half of men over 50. The aetiology of BPH 
is not known, but studies suggest that somal and glandular cells in 
the prostate proliferate due to age and long-term androgen expo- 
sure. This growth can result in prostate enlargement and eventually 
constriction of the urethra, leading to bladder outlet obstruction 
(BOO). In addition, a1 ,-AR expression in the prostate is increased, 
leading to an increase in prostatic tone and further urethral con- 
striction. BPH and BOO causes storage and voiding symptoms 
of the lower urinary tract including premicturition delay, weak 
stream, incomplete emptying, and are also associated with OABS 
(nocturia, urgency, and frequency). Bladder contraction against a 
closed or obstructed urethra can cause a noxious rise in intralumi- 
nal pressure, potentially leading damage to the bladder and serious 
complications such as acute urinary retention, renal failure, blad- 
der stones, and infection. Current traditional pharmacotherapy for 
LUTS in men, is based on standard therapy for OABS, as noted 
above where this is the predominant problem; alternatively, alpha- 
adrenergic blockade or inhibition of the intraprostatic conver- 
sion of testosterone to dihydotestosterone using 5 alpha reductase 
inhibitors (sARI) can also be used. 


Alpha-1-adrenoreceptor blockers 


al-ARs antagonists are the mainstay for first-line male LUTS treat- 
ment. They work by inhibiting a1 ,-AR mediated contraction of the 
prostate, thereby relieving urethral constriction and obstruction 
of the bladder outlet. The currently prescribed a1-AR antagonists 
include terazosin, doxazosin, alfuzosin, tamsulosin, and silodosin. 
Terazosin, doxazosin, alfuzosin are non-selective al-AR antago- 
nists, whereas tamulosin is (10-15-fold) selective for the alp-AR, 
exhibiting higher affinity for the prostate compared to the aorta, 
reducing cardiovascular side effects. Silodosin is even more selec- 
tive for the al ,-AR, exhibiting a selectivity of approximately 162- 
fold. However, all of these al-ARs antagonists exhibit a similar 
efficacy for treating the LUTS associated with BPH and BOO. The 
main importance of the a1,-AR selectivity relates to better cardio- 
vascular tolerability. 

In addition to relieving the obstructive symptoms of BPH such 
as the low urinary flow rate, more recent findings indicate that 
some of the therapeutic effects of al-ARs antagonists are due to 
improvements in the storage symptoms of outlet obstruction such 
as urgency, suggesting that they could potentially work by another 
mechanism involving bladder afferents. al,-AR expression has 
recently been identified in the urothelium and on sensory neu- 
rones innervating the bladder®*4 and electrophysiological studies 


in rodents have reported inhibited bladder afferent firing following 
intravesical application of tamulosin.*> Moreover, acute intraven- 
tricular and intrathecal administration of tamulosin significantly 
inhibited reflex voiding in normal non-obstructive rats,®° and 
chronic systemic treatment with two different a1-AR antagonists 
inhibited reflex voiding in a rat model of BOO.*” Though more 
investigation is required in this area, the current data indicate that 
that the al-ARs may be involved in normal and pathological regu- 
lation of the micturition reflex via the afferent system. 


Phosphodiesterase 5 inhibitors (Figure 3.1.7) 


Nitric oxide (NO) is an important NANC transmitter in the cen- 
tral and peripheral nervous system. NO mediates relaxation of the 
bladder outflow region*® and modifies afferent neurotransmission 
from various parts of the urogenital tract.8° NO is generated intra- 
cellularly from the amino acid L-arginine by the action of a nitric 
oxide synthase enzyme (NOS), which also generates nicotinamide 
adenine dinucleotide phosphate and oxygen as cosubstrates. Two 
types of NOS activity have been described: constitutive, calcium- 
sensitive NOS activity; and inducible, calcium insensitive NOS 
activity. There are three identified isoforms of NOS. Two constitu- 
tive isoforms termed endothelial NOS (eNOS) and neuronal NOS 
(nNOS) were first described in large vessel endothelial cells and 
have since been identified in several cell types, including neurons. 
There is one inducible isoform termed iNOS that was originally 
identified in active murine macrophages and is induced by inflam- 
matory mediators. Once generated, NO mediates relaxation of 
smooth muscle via soluble guanylate cyclase (sGC), which catalyses 
the production of guanosine triphosphate (GTP) to cyclic guano- 
sine monophosphate (cGMP). The increase in cGMP triggers a 
signal transduction cascade, resulting in cyclic nucleotide depend- 
ent kinases, phosphorylation of actin and myosin complexes, and 
inhibition of calcium channels and ATP-driven calcium pumps on 
the sarcoplasmic reticulum. This cascade ultimately reduces cyto- 
solic calcium concentrations and initiates relaxation of the mus- 
cle (Fig. 3.1.7). Cyclic nucleotides such as cGMP are degraded by 
a group of hydrolytic enzymes known as the phosphodiesterases 
(PDE). Inhibition of PDE leads to accumulation of cGMP, increas- 
ing the effect of nitric oxide. PDE5 inhibitors have been used for 
many years as therapy for erectile dysfunction. 

There are 11 members of the PDE family (PDE1-11), 8 of which 
have been identified in the human prostate with PDE4 and PDE5 
localized to the stromal and glandular tissue of the transitional zone. 
In organ bath studies, alpha-1-adrenoreceptor mediated contrac- 
tion of prostate strips was reduced following application of a PDE5 
inhibitor.*° The PDE5 enzymes play an essential role in relaxation of 
erectile tissue in the penis; this has led to the use of PDE5s such as 
sildenafil citrate in the treatment of erectile dysfunction. However, 
in recent years there has been growing evidence that PDES inhibi- 
tors may also have a beneficial effect for the treatment of BPH/BOO. 

Randomized controlled trials with PDE5 inhibitors (such as 
sildenafil) report significant improvements in LUTS, increased 
urinary flow rates, reduction in storage symptoms, and increased 
patient quality of life.°° Recently, one agent (tadaalafil) has been 
granted a licence for the treatment of LUTS in men. It appears to 
have similar efficacy to alpha blockers independent of any indirect 
effect by improving erectile dysfunction and without any consistent 
effect on urodynamic parameters.*! 

PDES inhibitors have also been suggested as a potential treat- 
ment option for DO and OAB. Data from experimental studies have 
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Fig. 3.1.7 NO is generated intracellularlly from the amino acid L-arginine by the action of a nitric oxide synthase enzyme (NOS) which also generates nicotinamide 


adenine dinucleotide phosphate (NADPH) and oxygen as co-substrates. 


Once generated, NO mediates relaxation of smooth muscle via soluble guanylate cyclase (sGC) which catalyses the production of guanosine triphosphate (GTP) to cyclic guanosine 


monophosphate (cGMP). cGMP results in activation of cyclic nucleotide dependent kinases, phosphorylation of actin and myosin complexes, and inhibition of calcium channels and ATP driven 


calcium pumps on the sarcoplasmic reticulum, reducing cytosolic calcium and initiating relaxation of the muscle. PDES inhibitors prevent the conversion of CGMP to 5'GMP (1) which increases 


cGMP levels and enhances the inhibition of smooth muscle tone. cAMP: cyclic adenosine monophosphate.. 


identified the presence of PDE5, cGMP, and sGC in the detrusor, 
however little effect on bladder tone in vitro has been observed in 
response to stimulation of the NO signalling pathway. Moreover, 
clinical studies using tadalafil show little effect on urodynamic 
properties, but provide improvements in sensation symptomology, 
such as urgency. Components of the NO-cGMP cascade have also 
been identified in the urothelium and rodent studies have shown 
that PDES inhibitors can inhibit single afferent nerve activity, rais- 
ing the possibility that NO signalling could play a role in afferent 
transmission. 
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CHAPTER 3.2 


Urodynamics 


Julie Ellis Jones and Hashim Hashim 


Introduction to urodynamics 


History of urodynamics 


Urodynamics can trace its roots to the 1800s, when instrumen- 
tation was first developed and described for the measurement of 
bladder pressure and urine flow rate. Dubois in 1876 was the first 
to measure intravesical pressure. In 1882, Mosso and Pellacani did 
experimental work on pressures and in 1897, Rehfisch described an 
apparatus used for the simultaneous measurement of vesical pres- 
sure and urinary volume, and recorded the timing of onset and fin- 
ish of micturition. Bonney in 1923 reported crude measurements 
of urethral function.! 

D.K. Rose is often considered the father of cystometry. In 1927 
he coined the term ‘cystometer’ and described its development 
and clinical usefulness. However, it was not until 1933 that Denny- 
Brown and Robertson used a specially designed double catheter 
and a photographic recording method to measure pressure in the 
bladder, urethra, and rectum. In 1937, Kennedy measured urethral 
resistance in women. In 1948, Talbot was the first person to use 
the terms ‘stable’ and ‘unstable’ bladder detrusors in the urological 
literature. Also, in the same year, Willard Drake, Jr. pioneered the 
development of the uroflowmeter. 

The 1950s saw the infancy of urodynamics. In 1953, Karlson, 
reported the successful simultaneous measurements of pressure 
in the urinary bladder and internal and external urinary sphinc- 
ters in women. The term ‘urodynamics’ was coined by Davis in 
1954 and Von Garrelts, in 1956, used a transducer to convert 
changes in pressure of urine collected onto a photokymograph. 
In the late 1950s and early 1960s, Lapides performed extensive 
animal and clinical investigations on the urinary sphincter. In 
1962, Gleason and Lattimer reported the use of cystometry and 
uroflowmetry in combination. Miller, in 1967, popularized the 
use of cinefluoroscopy in conjunction with lower urinary tract 
urodynamic studies. Then in 1969, Brown and Wickham reported 
urethral pressure profiles, to measure the pressure exerted by the 
urethral wall. 

The term ‘urodynamics’ was first used in the Journal of Urology 
in 1962. In 1965 the Urodynamics Society was formed in North 
Carolina, USA, and in 1971, the International Continence Society 
was founded in Exeter, England by Eric Glen, with Patrick Bates 
and David Rowan. 


What is urodynamics? 


Urodynamics is a study that allows the direct assessment of lower 
urinary tract (LUT) function by the measurement of relevant 
physiological parameters. This assessment includes several types of 


studies including bladder diaries, free uroflowmetry, and post-void 
residual measurement, pad weight tests, filling cystometry, and 
voiding pressure/flow studies. 


Types of urodynamics 


Based on the above definition, urodynamics can therefore be 
divided into two main types: 


(i) Non-invasive 
(ii) Invasive 


Non-invasive urodynamics includes bladder diaries, pad weight 
testing, and free uroflowmetry. These are cheap, easy to do, and 
most importantly non-invasive, therefore do not cause any side 
effects to patients. They also form part of the basic assessment of 
patients presenting with lower urinary tract symptoms (LUTS), 
in addition to a full thorough history, including assessment of the 
effects on quality of life, focused clinical examination, and a urin- 
alysis to look for infection, blood, glucose, and so on. These will 
not be discussed in this chapter as they have been discussed in 
Chapter 3.4. 

It is important to mention that although pad weight testing, to 
categorize the severity of urinary incontinence, may be a useful 
tool, it is not recommended by NICE,’ as there is no consensus 
as to what a specific increase in pad weight implies and whether 
it would affect the treatment decision. Also, there is no agreement 
as to what constitutes mild, moderate, or severe incontinence, and 
it does not correlate with an invasive urodynamic diagnosis, and 
therefore has no implication on the decision of the type of surgi- 
cal management. The International Continence Society (ICS) has 
standardized the methodology for a short one-hour pad test with 
<2 g urine loss being a negative test. There are also longer pad tests 
lasting 24 hours or more. 

The focus of this chapter is on invasive urodynamics, which can 
be divided into: 


1. Basic 

(a) filling cystometry 

(b) voiding pressure/flow studies 
2. Complex 

(a) videourodynamics 

(b) urethral function studies 
3. Advanced 

(a) ambulatory urodynamics 


(b) neurophysiological testing 


Principles of good urodynamic practice 


Urodynamics should start by formulating a urodynamic question, 
for example why are you doing the test and what are you looking 
for? Before urodynamic studies are undertaken, it is recommended 
that a detailed history is taken, allowing the experienced clinician 
to tailor the investigation to the needs of the patient. 

Clinical assessment includes neurological testing, abdominal 
palpation, and rectal and vaginal examination (in women). With 
these findings established, the most appropriate urodynamic inves- 
tigation can be selected. 

Good urodynamic practice depends on: 


+ Having the appropriate indications for the test 

+ Performing the correct type of urodynamic test 

+ A first-rate technique ensuring good quality control 
+ Good and accurate interpretation of the results 


+ Conveying the important results in an accurate and relevant 
manner through good reporting, which could be understood by 
others and used in the future for comparison purposes in patients 
who may need repeat invasive urodynamics 


Aims of invasive urodynamics 


The main aim of urodynamics is to reproduce the patient's symp- 
toms with a view to giving more information about the function 
of the bladder and urethra, or a diagnosis, on which management 
depends. In other words, the test should only be performed if it 
is going to change the management of a patient’s condition and 
should not be conducted unless conservative and medical therapy 
has been tried. 
The aims of the test include: 


+ Defining bladder and urethral function 

+ Providing a precise diagnosis 

+ Defining the most significant abnormality 

+ Allowing selection of the most appropriate treatment 
¢ Predicting potential postoperative problems 


+ Assessing the results of treatment 


Indications for invasive urodynamics 
+ Equivocal and/or uninterpretable flow rates 


¢ Incontinence not responding to conservative and medical ther- 
apy with a view to proceeding to more invasive treatments 


+ Diabetic and neurological patients to assess the compliance of 
the bladder and assess LUT function in greater detail to allow 
appropriate management 


+ Children and young patients who suffer with lower urinary tract 
dysfunction (LUTD) and not responding to conservative or 
medical therapy 


+ Large residuals, to try to define the cause of the residuals (i.e. is it 
the bladder or the urethra causing the problem and if there is any 
treatable cause) 


+ Persistent bothersome LUTS not responding to conservative or 
medical treatment 
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Postoperative LUTD, such as bothersome incontinence after 
insertion of a mid-urethral sling 


+ When things don't add up! For example, if a patient is complain- 
ing of incontinence, but is unable to distinguish between stress or 
urgency incontinence with no response to medical treatment 


Physics of urodynamics 

Urodynamic studies aim to look at four things: 

+ How the bladder is behaving during storage and voiding 
+ How the urethra is behaving during storage and voiding 


Before understanding the physics of urodynamics, it is important 
to understand what normal LUT function is. 

During bladder filling, continence should be maintained, and 
this depends on detrusor relaxation and continuous urethral clos- 
ure despite intravesical pressure changes. Detrusor muscle relax- 
ation starts at the end of voiding and requires a normal bladder wall 
composition, which depends on the viscoelastic properties of the 
detrusor muscle and the inhibitory effect of the sympathetic nerves 
on the parasympathetic ganglion. Urethral closure is maintained 
by the bladder neck (proximal sphincter), distal sphincter mech- 
anism, and voluntary pelvic floor contraction. During filling, there 
is relaxation of the inner longitudinal smooth muscle, contraction 
in the intraurethral striated muscle with periurethral support from 
the striated muscles of the pelvic floor and collagen of the endopel- 
vic fascia. 

For efficient voiding to occur, there needs to be urethral relax- 
ation with normal urethral geometry and adequate expulsive force 
by bladder contraction. The urethra relaxes during voiding due to 
pelvic floor relaxation, relaxation of the urethral rhabdosphincter 
(intraurethral striated muscle), urethral shortening (contraction 
of inner longitudinal muscle), and funnelling of the bladder neck. 
There should also be a sustained detrusor contraction to generate 
the pressure to void. Sometimes voiding is achieved by the straining 
of abdominal wall muscles and the diaphragmatic muscle. 

In simple terms, flow takes place when the driving pressure 
exceeds the opposition to flow. Abnormalities in this function 
could lead to dysfunction of the LUT, which may or may not cause 
bothersome symptoms. Therefore, flow rate alone is not enough to 
diagnose these problems and you need to measure bladder pressure 
as well, both while the patient is filling up (to detect overactivity), 
and when they are voiding (to measure bladder contraction). 

To measure the flow rate (Q) and voided volume (VV), a flow 
meter is used. VV is usually measured in millilitres (mL), while Q is 
measured in millilitres per second (mL/s). Pressure in the bladder 
is measured using a pressure transducer, which converts a pressure 
to an electrical signal. 

Since the bladder is not readily accessible to the outside world, 
the transducer is allied to a catheter. The most used systems are the 
fluid-filled catheters with external transducers. 

The pressure in the bladder (vesical pressure, p,,,) has contribu- 
tions from the bladder detrusor muscle (p,,,) and from the abdom- 
inal pressure (p,q). It is not possible to measure p,,, directly, and 
therefore to determine the pressure due to the bladder muscle 
alone (p4,;), it is necessary to subtract the abdominal contribution. 
Abdominal pressure (P pa) is normally measured in the rectum, but 
can also be measured in the vagina, or via a stoma. The measure- 
ments are done during both bladder filling and voiding. 
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Equipment 


Multichannel cystometry requires a urine flow meter, two (or three) 
transducers, an electronic subtraction unit to derive P4et = (Pyes Paba) 
a recorder with a printout, and an amplifying unit (Fig. 3.2.1). 
Pascal is the SI unit for pressure but is tiny by physiological 
standards, therefore in urodynamics, all pressure measurements 
are in cmH,O (approximately 100 Pascals equal one cmH_,0). The 
pressures involved are typically in the range of 0 to 250 cmH,O, 
which are convenient sizes to handle and the fluid infused is saline. 
The bladder pressure can be measured using a: 


+ Fluid-filled line (a double lumen or single lumen epidural cath- 
eter is inserted into the bladder and connected to an external 
pressure transducer). This is the most commonly used method. 


+ Solid micro-tip pressure transducer (a transducer is mounted on 
the tip of a solid 7 Fr catheter and hence is an internal pressure 
transducer system). This catheter-mounted transducer elimi- 
nates artefacts arising from the fluid-filled system, which needs 
to be connected to an external transducer. The catheter-tip trans- 
ducer is not used much nowadays due to expense and the need 
for chemical sterilization, which has its own problems. For exam- 
ple, 2% glutaraldehyde (Cidex), does not kill all atypical myco- 
bacteria and can cause irritation to the skin, eyes, and so on. 


+ Air-filled catheters have been marketed recently, but the evidence 
for their use, in terms of recording accuracy, has not yet been 
established and they are undergoing clinical trials to assess the 
efficacy and quality of the recordings. 


Abdominal pressure is measured with a 4.5 Fr rectal (or occasion- 
ally vaginal in women) catheter which is inserted into the rectum 


to approximately 10-15 cm above the anal margin. Previously, a 
6 Fr manometer tubing covered with a fingerstall obtained from a 
non-sterile surgical rubber glove to prevent blockage by faeces has 
been used. However, in the United Kingdom, it is no longer allowed 
to modify and use equipment from their original licensed use, and 
therefore commercially available special rectal catheters with a bal- 
loon at the end must be used, which are more expensive. 

It is important to make sure that a small cut is made in the bal- 
loon before use to allow expulsion of fluid during flushing (Fig. 
3.2.2). If this is not present, then the pressure measured will be that 
of the water-filled balloon and not of true rectal pressure. The rectal 
line is taped to the patient’s buttock, close to the anal verge to pre- 
vent any slippage during the test. The tubing must be flushed from 
the transducer end before recording is commenced. 

The reference height for all measurements is taken as being level 
with the superior aspect of symphysis pubis and the transducers are 
zeroed to atmospheric pressure. A double lumen (Fig. 3.2.3) fill- 
ing catheter (6 Fr) is inserted into the bladder via the urethra (or, 
occasionally, by the suprapubic route). Alternatively, a single lumen 
(8 Fr) filling catheter with a 16 G catheter (Fig. 3.2.4) inserted 
alongside it can be used instead of the double lumen catheter. The 
two-catheter combination is a cheaper alternative that gives similar 
results and is our preferred method in most patients. Some centres 
use a 4.5 Fr bladder pressure catheter in preference to a 16 G one. 
The single lumen filling catheter is pulled out just before voiding 
and the 16 G catheter is left in the bladder and used to measure 
pressure. 

The advantage of the double lumen catheter is that the patient’s 
bladder can be filled and refilled multiple times should the test 
require it, and the post-void residual (if any) can easily be drained 


Fig. 3.2.1 Components of an invasive urodynamics test. 
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Fig. 3.2.2 (A) Rectal catheter with a hole in the balloon at the end of the catheter; (B) close-up view. 


and measured through it; however, it is more expensive to use. 
The two-catheter technique has the advantage of leaving the 
16 G catheter in situ to measure pressure at the end of filling 
and removing the 8 Fr filling catheter. Therefore, the risk of the 
catheter causing an obstruction during voiding is less than with 
a double lumen catheter, and when asking the patient at the 
end of filling to cough and look for stress incontinence, it is less 
obstructive. 

The catheters are fixed in place by tape close to the external 
urethral meatus on the medial aspect of the thigh in women and 
around the penis in men. 


Filling cystometry 


After examining the patient, the rectal tube (Papa) is inserted ini- 
tially for convenience, and then the urodynamicist washes their 


Fig. 3.2.3 Double lumen catheter to measure vesical pressure. 


hands and wears sterile gloves for the remaining part of the proced- 
ure. The bladder is then catheterized urethrally using special filling 
catheters while in the supine position. 

Before initiating the test, the quality of the recording needs to 
be established. Quality control is vital to allow accurate, reproduc- 
ible, and interpretable pressure readings, and to allow identifica- 
tion of artefacts. The ICS has defined these steps in the 2002 Good 
Urodynamics Practices report*: 


+ Flushing: The manometer tubing connecting the transducers 
needs to be fully primed and flushed with sterile water before 


Fig. 3.2.4 16 G catheter to measure vesical pressure. 
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setting zero to remove any air bubbles that could give low or false 
pressure readings. 


+ Setting zero at atmospheric pressure: This can be done either prior 
to inserting the catheters into the patient or after insertion, as 
long as the transducers are open only to atmosphere. Zero pres- 
sure is the value recorded when an external transducer is open 


(A) 


only to the environment (the other two sides of a three-way tap 
are closed) or when the open end of a connected, fluid-filled tube 
is at the same vertical level as the transducer before insertion into 
the patient (Fig. 3.2.5). It is advisable to use two three-way taps 
for each transducer to allow zeroing to atmosphere, even with the 
catheter being in the patient, and to help with troubleshooting. 


Fig. 3.2.5 Position of three-way taps while zeroing to atmosphere (A), flushing (B) and measuring pressure (C). 


+ Checking the calibration of the transducers: The calibration of the 
transducers should be checked periodically, ideally daily if per- 
forming daily tests, and should be calibrated in the range from 
0 to +100 cmH,O. Full calibration of the transducers and system 
checks should only be undertaken by trained personnel. Normal 
resting pressures in the intravesical bladder (p,,,) and intra- 
abdominal rectal (p,,,;) lines should be in the positive range +5 
to +50 cmH,O (depending on body position and habitus); the 
resting detrusor pressure (p,,,) should be between 0 and +10 
cmH,O; however, in clinical practice it can usually range from 
-5 to +10 cmH,0.° 


+ Establishing a reference level for pressure: The superior border of 
the symphysis pubis is the fixed reference level for external and 
fluid-filled catheter systems; the transducers should be levelled 
to this horizontal plane, so that all measurements have the same 
hydrostatic component. 


During the investigation, quality control is ensured by asking the 
patient to cough at regular (e.g. 1 minute) intervals. Before record- 
ing is started, the patient is asked to cough and the p,,, and Pipa 
traces are observed. An equal rise in the two pressure lines must be 
observed and a complete subtraction of these two pressures should 
result in no change of the p4,; line. Sometimes a small artefactual 
biphasic blip is seen on p,,,, but this also indicates acceptable sub- 
traction. The biphasic blip occurs due to different speeds of trans- 
mission of impulses between the bladder and rectal lines, mainly 
in older urodynamic systems. The two blips of the biphasic wave 
should be equal in size; if they are not equal in height, then this 
indicates poor quality control. The patient should cough before and 
after voiding to reconfirm quality control and that no displacement 
of catheters has occurred. During filling, the P es and ppa lines 
should not decline and they should not fall below zero (Fig. 3.2.6). 
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Patient position 


Filling cystometry should be done in the upright position, because 
(i) this is the physiological position, and (ii) because most patients 
complain of symptoms when upright and active. Women are there- 
fore filled sitting on a commode with a flow meter situated below it 
to measure any leakage of urine during the test, and because most 
women void when sitting down. Men, on the other hand, are filled 
standing with the penis hanging over the flow meter, but not touch- 
ing it. Filling patients in the supine position might miss detrusor 
overactivity in at least 30% of patients. Whenever the patient's pos- 
ition is altered, the position of the transducer must be readjusted to 
the pressure reference level of the upper border of the symphysis 
pubis, or alternatively the trace is annotated with an event marker 
to mark the time of position change. 

With the catheters in position, the filling catheter is connected to 
a suitable filling medium. The rest of the equipment should be close 
to the patient for convenience and, if a computer screen is available, 
this should be in a position viewable by the patient so that explana- 
tions can be given during the test. 

If there is severe detrusor overactivity that prevents filling, even 
at a reduced rate (10-20 mL/min), then the patient can be moved to 
the supine position so that useful information can be gathered from 
cystometry and to allow adequate filling of the bladder. Reduced 
mobility or severe disablement of patients (e.g. by neurological dis- 
ease) may also necessitate cystometry in the supine position. 

Resting values for abdominal (P pa) and intravesical (p,,,) pres- 
sures are in the typical ranges below, depending on position: 


+ supine 0-20 cmH,O 
+ sitting 15-40 cmH,O 
+ standing 30-50 cmH,0O. 
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Fig. 3.2.6 Good quality urodynamic trace showing the biphasic blips and regular coughs. 
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Filling medium 

Water and 0.9% (normal) saline are the fluids most frequently 
used as they are cheap, convenient, and mimic urine in consistency. 
The fluid is commonly used at room temperature (22°C); however, 
body temperature (37°C) may be more physiological. It is known 
that ice-cold infusion fluid can stimulate bladder contraction at 
low bladder volumes, and therefore should not be used in routine 
cystometry. 


Filling rates 

Previously, three filling rates were defined by the ICS: 

+ Slow-fill: cystometry up to 10 mL/min 

+ Medium-fill: cystometry between 10 and 100 mL/min 

+ Fast-fill: cystometry when the rate is greater than 100 mL/min 


The ICS no longer divides filling rates into slow, medium, or fast. 
Currently, the term ‘non-physiologic filling rate’ is being used, and 
the precise filling rate should be stated. We recommend a filling 
rate of 50 mL/min, which, although convenient in the setting of a 
busy urodynamic unit, is not so fast as to be grossly unphysiologi- 
cal; it also allows time to discuss symptoms with the patient and to 
assess whether those symptoms have been successfully reproduced. 
In a patient with very marked detrusor overactivity, the rate can be 
reduced to 30 mL/min or lower. 
The upper limit of physiological filling is defined as: 


Filling rate (in mL/min) = Body mass (in kg) + 4 


Slower filling rates are indicated in patients with neurogenic 
bladders. Rapid filling is rarely used but can be a further provoca- 
tive test for detrusor overactivity. 

The test and all side effects (e.g. risk of urinary tract infection) 
should be fully explained to the patient, and the importance of 
indicating any bladder sensations during the test, as they happen, 
should be emphasized. 

The symptoms can then be used to annotate the cystometry trace 
and help with interpretation. Before cystometry is performed, the 
patient undergoes free uroflowmetry. Any residual urine on subse- 
quent catheterization is then measured. 


Filling phase 


The filling phase starts when filling commences and ends once 
the patient is given permission to void by the urodynamicist. 
Bladder sensation, detrusor activity, bladder compliance, blad- 
der capacity, and urethral function can all be assessed during 
this stage. 


Bladder sensation 


During the filling phase the patient is asked to indicate the following: 


first desire to void (FDV)—this sensation may not be truly repre- 
sentative, owing to the interfering presence of the catheter; 


+ strong desire to void (SDV); 
+ urgency (sudden compelling desire to void). 


These volumes should be noted. The above terminology has been 
defined by the ICS.” Other terms that are also used during filling 
cystometry and related to bladder sensation include first sensation 


of bladder filling, bladder pain, and bladder sensation, which can be 
categorized as increased, normal, reduced, absent, or non-specific 
(seen mainly in neurological patients). 

Bladder hypersensitivity is a term that has been used in the past 
and found to be helpful. It was defined as a condition where there 
is an early FDV at less than 100 mL and this persists and wors- 
ens, limiting the bladder cystometric capacity to 250 mL. This term 
has now been replaced with the term ‘increased bladder sensation, 
which is an early first sensation of bladder filling (or an early desire 
to void) and/or an early strong desire to void, which occurs at low 
bladder volume and persists. The new term is subjective and thus it 
is not possible to quantify volumes. 


Detrusor activity 


Detrusor activity is described as either ‘normal’ or ‘overactive’ 
A normal detrusor allows bladder filling with little or no change in 
pressure, with no involuntary phasic contractions occurring during 
cystometry, despite provocation. 

The presence of involuntary phasic detrusor contractions, 
occurring throughout filling, is diagnosed by detecting a rise in 
the detrusor pressure line (there is no lower limit for the ampli- 
tude of an involuntary detrusor contraction) and a similar rise 
in the vesical line with no rise in the abdominal line during fill- 
ing cystometry. The patient should be asked whether there is any 
associated urgency and if the sensation mimics the one that is 
normally experienced and causes problems. Precipitating factors 
such as coughing or running water, used to provoke symptoms, 
may also induce detrusor overactivity, and should be annotated 
on the trace (Fig. 3.2.7). 

If the detrusor is shown during cystometry to contract sponta- 
neously or with provocation, then it is said to have phasic detru- 
sor overactivity. Some patients will not experience any symptoms 
at the time of these contractions, in which case the significance of 
detrusor overactivity is unknown. If a single involuntary detrusor 
contraction occurs at the end of filling, with no overactivity during 
filling, then this is known as terminal detrusor overactivity, and if 
associated with incontinence it is known as detrusor overactivity 
incontinence. 

When there is a known neurological condition (e.g. multiple 
sclerosis), any detrusor overactivity observed is termed neuro- 
genic detrusor overactivity (this replaces the older term of detrusor 
hyperreflexia). Detrusor overactivity is idiopathic if there is no 
identified cause. 


Bladder compliance 


The term bladder compliance describes the relationship between 
change in bladder volume and detrusor pressure (AV/Ap,,,) and is 
measured in mL/cmH,0O. As a normal bladder fills, there is very lit- 
tle or no change in the pressure (i.e. the bladder is a low compliant 
system). As filling rates can alter bladder compliance, the filling rate 
of cystometry must always be documented. 

In neurologically normal patients, reduced compliance is usually 
artefactual owing to the bladder being filled excessively fast. Should 
compliance start to rise during filling, the filling should be stopped 
for approximately one minute to see if the compliance returns to 
normal: if compliance returns to normal, the increase is artefac- 
tual and secondary to fast filling; if compliance does not return to 
normal, then it is secondary to a pathological condition. In non- 
neurological patients, up to 1 cmH,O detrusor pressure increase 
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Fig. 3.2.7 Urodynamic trace showing detrusor overactivity with incontinence. 


per 40 mL is acceptable, and in neurological patients up to 20 mL/ 
cmH, is acceptable. 


Urethral function 


During the filling phase, in normal patients, the urethral closure 
pressure remains positive (i.e. it is greater than the intravesical pres- 
sure), even at times of increased intra-abdominal pressure; hence, 
continence is maintained. To allow voiding, closure pressure falls as 
the urethra relaxes. If involuntary loss of urine is observed without 
detrusor overactivity, then the urethral closure mechanism is said 
to be incompetent. 

A diagnosis of urodynamic stress incontinence can be made if 
leakage is associated with an increase in intra-abdominal pressure 
that causes the intravesical pressure to exceed the intraurethral 
pressure in the absence of a detrusor contraction. When filling 
volume reaches 200 mL, filling is stopped, and the patient is asked 
to strain (Valsalva manoevre) and then to cough to observe any 
leakage. These two manoeuvres increase intra-abdominal pres- 
sure above urethral closure pressure, and if there is an incompetent 
urethra, the patient will leak. 


Voiding pressure/flow studies 


Voiding pressure flow studies (PFS) are done at the end of the fill- 
ing phase, when the patient is given permission to void. All patients 
should have an attempt at voiding if they are undergoing filling cys- 
tometry. PFS are most useful in the assessment of: 


+ Bladder outlet obstruction 
+ Dysfunctional voiding 


+ Preoperatively, for assessment of the voiding phase in patients 
having surgery for stress incontinence 
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+ Incomplete bladder emptying/large post-void residuals 
+ Neurological lower urinary tract dysfunction 

Two key elements are assessed during voiding PFS: 

+ Detrusor pressure at maximum flow (P4eQmax) 

+ Maximum urine flow rate (Qmax) 


To assist near physiological normal voiding values, it is recom- 
mended that male patients void in the standing position, and 
women void in the seated position. 


Technique 


+ The bladder is filled to normal capacity (when the patient says 
the bladder is full). This should be done in conjunction with 
the bladder diary/frequency volume chart, for normal average 
voided volumes during the day. 


+ Remove the single lumen filling catheters prior to voiding, leav- 
ing the single lumen pressure line or 16 G catheter in situ (p,,..). 
If the double lumen catheter is used, then there is no need to 
remove it prior to voiding (see point below). 


+ Ask the patient to perform a single cough (quality control check) 
just before voiding to make sure the pressure line (p,,,,) has not 
been displaced during catheter removal at the end of filling. 


+ Permission is then given to void—it is normal practice to leave the 
room at this point to allow the patient privacy. Voiding can 
sometimes be inhibited if the patient is not left alone to void. 


+ Ask the patient to do a single cough (quality control check) after 
voiding to make sure the pressure recording is accurate. 


+ Remove the pressure lines (Pyes and Papq): 


238 


SECTION 3 FUNCTIONAL AND FEMALE 


+ If indicated (i.e. the patient voids less urine than you infused 
during filling), check residual urine. This can be done using the 
double lumen catheter if one is used, or by an ultrasound bladder 
scan. If the residual is high, the bladder may need to be emptied 
by an in/out catheterization. 


Please note that if a double lumen catheter is used for filling, it 

should not be removed until after the pressure flow study is com- 

pleted. We would recommend no greater than a size 6 Fr catheter 

in male patients to reduce the risk of obstruction during voiding. 
Normal values during PFS: 


Male 
© Pge¢Qmax = 40-60 cmH,O 
e Qmax >15 mL/s 
e Voided volume >150 mL 
Female 
© Pge¢Qmax = 20-40 cmH,O 
e Qmax >18 mL/s 
e Voided volume >150 mL 


These baseline values should be interpreted in combination with 
the voiding time, flow pattern, assessment of post-void residual, 
and patient’s age. 


Complications and difficulties 


+ Patient unable to void—may be related to environment or over- 
filling the bladder 


+ Catheter voided before Qmax is reached—PFS may need to be 
repeated 


+ Difficulty in removing vesical pressure (p,,,,) line 


+ Technical difficulties with equipment (e.g. poor pressure 
transmission) 


+ Infection (2-3%): antibiotics are not routinely 
indicated 
+ Bleeding 
+ Discomfort from the catheters 
PderQmax 
(cmH,O) 


Equivocal 
BOOI = 


Pressure flow analysis 
In men, two important indices need to be calculated: 


(i) Bladder outlet obstruction index (BOOI)—previously known 
as the Abrams-Griffiths number = py,,Qmax—2 x Qmax 


e see Figure 3.2.8 
e BOOI >40 Obstructed 
e BOOI 20-40 Slightly obstructed (Equivocal) 
e BOOI <20 Unobstructed 
(ii) Bladder contractility index (BCI) = pg,,Qmax + 5 x Qmax 
e BCI >150 Strong contractility 
e BCI 100-150 Normal contractility 
e BCI <100 Weak contractility 


In women there are no standardized nomograms and therefore 
it is more of a clinical judgement as to whether a woman has an 
underactive bladder or not, or whether she has obstruction or 
not. In general, a voiding pressure of less than 20 cmH,O with a 
Qmax of less than 12 mL/s is regarded as an underactive bladder 
in women, depending on age and a Qmax of less than 12 mL/s and 
Paet More than 40 cmH,O is obstructed. 


Advanced urodynamics 


Videourodynamics 


Videourodynamics (VUDS) are usually undertaken in specialist 
regional centres that have experienced advanced urodynamic prac- 
titioners who are skilled in performing the investigations, as well as 
the interpretation of the results. VUDS give more detailed anatom- 
ical information about the urethra, bladder, and upper urinary tracts, 
combined with measurement of pressure. Its indications include: 


+ Neurological patients including dysfunctional voiding 


+ Incontinence following anti-incontinence surgery (e.g post- 
colposuspension) 


+ Urinary incontinence after radical prostatectomy in men 


+ Anatomical abnormalities 
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Fig. 3.2.8 Bladder outlet obstruction index nomogram. 


Reproduced with permission from P. Abrams, ‘Bladder outlet obstruction index, bladder contractility index and bladder voiding efficiency: three simple indices to define bladder voiding function’, 


BJU International, Volume 84, Issue 1, pp. 14-15, Copyright © 1999 John Wiley and Sons. 


+ Paediatric patients 


+ Young men (<50 years old)—as they are unlikely to have benign 
prostatic obstruction 


However, complications of VUDS include allergic reaction to 
contrast medium (iodine), while its contraindications include 
pregnancy. 

Again, the principles of good urodynamics practice apply. Some 
modifications include the use of contrast medium to fill the bladder 
and the technique must comply with the ionizing radiation (medi- 
cal exposure) regulations. 

Several types of imaging can be used, including X-ray, ultrasound, 
and MRI. X-ray is the commonest and easiest to use. Screening 
needs to be done at regular intervals and for short periods of time 
to avoid large amounts of radiation. 

The main advantages of VUDS are that it provides combined 
structural and functional information and can be used for review in 
meetings and teaching. The disadvantages include radiation expo- 
sure (0.7 mSv = 4/12 background radiation), cost (initial and run- 
ning), and being an unnatural voiding environment. 

VUDS can be used to classify stress incontinence radiologically 
according to the Blaivas classification,® and hence is used in some 
centres to differentiate between intrinsic sphincter deficiency and 
urethral hypermobility in women. Types I and II indicate urethral 
hypermobility of various severity, and type III is consistent with 
intrinsic sphincter deficiency (ISD). 


+ Type 0: Vesical neck and proximal urethra are closed at rest and 
situated at or above the lower end of the symphysis pubis. They 
descend during stress, but incontinence is not seen. 


+ Type I: Vesical neck is closed at rest and is well above the infe- 
rior margin of the symphysis. During stress, the vesical neck and 
proximal urethra open and descend <2 cm. Incontinence is seen. 


+ Type Ila: Vesical neck is closed at rest and is above the inferior 
margin of the symphysis. During stress the vesical neck and 
proximal urethra open and descend >2 cm. Incontinence is seen. 


+ Type IIb: Vesical neck is closed at rest and is at or below the infe- 
rior margin of the symphysis. During stress, there may or may 
not be further descent but as the proximal urethra opens, incon- 
tinence is seen. 


+ Type III: Vesical neck and proximal urethra are open at rest. The 
proximal urethra no longer functions as a sphincter. There is obvi- 
ous urinary leakage with minimal increases in intravesical pressure. 


Blaivas classification reprinted from The Journal of Urology, 
Volume 139, Issue 4, Blaivas JG and Olsson CA, ‘Stress incon- 
tinence: classification and surgical approach, pp. 727-731, 
Copyright © 1998 American Urological Association, with permis- 
sion from Elsevier, http://www.sciencedirect.com/science/journal/ 
00225347/160 


In our centre, we use urethral function studies to help us dif- 
ferentiate between the two types of stress urinary incontinence to 
avoid irradiating women unnecessarily, and we use VUDS in recur- 
rent stress urinary incontinence. 


Urethral function tests 


The aim of these is to assess urethral function and they can be per- 
formed in the following patient groups: 


+ Dysfunctional voiding 
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+ Neurological 


+ Incontinence (e.g. prior to stress incontinence surgery or in post- 
prostatectomy patients) 


There are two main urethral function tests: urethral pressure pro- 
files (UPPs) and leak point pressures (LPP). LPP is the detrusor 
pressure or the intravesical pressure (P4et OF Pyes) at which involun- 
tary expulsion of urine from the urethral meatus is observed. 

Most UPPs are undertaken using the Brown and Wickham tech- 
nique, which involves slow fluid perfusion (2 mL/min) through 
a single lumen urethral pressure profile catheter. Resting bladder 
pressure is continuously monitored, either through a bladder pres- 
sure line (preferable option) or a pseudo-pressure abdominal or 
vaginal line. The UPP catheter is withdrawn at a rate of 1 mm/sec. 
Continuous pressure measurement is taken to record the following 
pressure measurements (Fig. 3.2.9): 


+ Maximum urethral closure pressure (MUCP) = maximum ureth- 
ral pressure (MUP) minus resting bladder (p,,,) pressure 


¢ Functional profile length—this is the urethral length from the 
start of the UPP to the MUP in men, and the full length of the 
profile (start to end of UPP) in women. 


UPP depends on patient position, volume of fluid in the bladder, 
pressure recording catheter used, and its orientation within the 
urethra. 

There are two main types of leak point pressures: detrusor (DLPP) 
and abdominal (ALPP). DLPP is the lowest pressure at which urine 
leakage occurs in the absence of either a detrusor contraction or 
increased abdominal pressure and applies mainly in patients with 
low compliance bladders. ALPP is the intravesical pressure at 
which urine leakage occurs due to increased abdominal pressure 
in the absence of a detrusor contraction. ALPP can be divided into 
Valsalva (VLPP) or cough (CLPP) leak point pressures. 

The methodology of performing UPPs and ALPPs has not been 
standardized. In our centre, we perform UPPs with the patient 
lying down after catheterizing them with the bladder empty, repeat 
the process twice, and take the average of the two readings of 
the MUCP. 

ALPP is performed during filling cystometry with the patient 
in the upright position, once the bladder is filled to 200 mL. The 
patient is asked to cough and perform Valsalva manoeuvres with 
increasing pressures by increments of 20 cmH,O, starting from 
40 cmH,O up to 120 cmH,0O. If the patient does not leak, ALPPs 
are performed every 100 mL after that until capacity. If the patient 
fails to leak and they are complaining of stress urinary inconti- 
nence, the filling line is removed at capacity and they are asked to 
perform different provocative manoeuvres such as jumping, squat- 
ting, running on the spot, and so on to try to make the patient leak 
and reproduce their symptoms. 

In women who suffer with stress urinary incontinence, the nor- 
mal value for MUCP is 92—age. An MUCP of less than 20 cmH,O 
is indicative of ISD. This low MUCP is equivalent to an ALPP of 
less than 60 cmH,0O. If ALPP is greater than 90 cmH,0O, then that 
indicates stress incontinence secondary to urethral hypermobility. 

There is level 2 evidence, with grade B recommendation, for the 
use of UPPs and LPP. They can be helpful in certain circumstances, 
particularly in distinguishing between ISD and urethral hypermobil- 
ity, in women with stress urinary incontinence. This may then allow 
the clinician to decide as to what type of anti-incontinence proce- 
dure the patient should have. UPPs could also be helpful in patients 
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Fig. 3.2.9 Urethral pressure profiles in women (MUP = maximum urethral pressure, MUCP = maximum urethral closure pressure). 


with an artificial urinary sphincter to measure the closure pressure 
of the device and see if it is still the same as when it was implanted, 
and in patients who complain of leakage after sphincter insertion. 

Nonetheless, UPPs and LPPs should not be used as single factors 
on their own to grade the severity of incontinence, and their results 
should be judged in relation to other urodynamic tests (such as 
filling cystometry) and to the clinical examination. They may help 
to judge the severity of incontinence, or to further ‘subcategorize’ 
patients with stress (predominant) incontinence. 

The ICS have produced a standardization document on how 
UPPs should be done and measured.’ 


Ambulatory urodynamics 


Ambulatory urodynamics (AUDS) is any functional test of the 
lower urinary tract, usually performed outside the clinical setting, 
predominantly utilizing natural filling, and reproducing the sub- 
ject’s normal activity.1° 

‘Ambulatory’ refers to the nature of monitoring, rather than the 
mobility of the subject, and ‘natural’ refers to the natural produc- 
tion of urine to fill the bladder rather than an artificial medium; 
‘normal activity’ refers to the everyday activities of the subject dur- 
ing which their urinary symptoms are most likely to occur. 

AUDS are indicated if routine/standard or VUDS fail to repro- 
duce the patient's symptoms, or provide a satisfactory answer to the 
original urodynamic question. They have also been used in clinical 
trials to monitor the efficacy of new medical therapies. AUDS usu- 
ally lasts between two and six hours, with natural filling of the blad- 
der rather than artificial filling through a bladder catheter. 

The advantages of AUDS are that it can capture more realis- 
tic and/or more physiological observations, such as attempts to 


increase sensitivity by providing a longer time for detrusor over- 
activity to manifest itself (up to 17% on conventional cystometry in 
normal subjects vs. 69% on AUDS), and detects more actual incon- 
tinence than conventional cystometry.!! 

The disadvantages are that it is time-consuming, expensive, can 
cause discomfort in patients having the catheter for long periods 
of time, may present difficulties in quality control with increased 
patient movement, and needs experienced staff to interpret the 
results. 

AUDS requires specialized equipment (Fig. 3.2.10) and includes: 


+ Abdominal and vesical pressure lines 
+ Pad for urine loss measurement 
+ Urinary diary 
+ Host computer 
+ Lightweight portable recording device with 
e event markers 
e adequate battery capacity 
e fast frequency response 
Technique: 
+ Patients are asked to drink at regular intervals (every 30 minutes). 


+ Patients are catheterized with a bladder pressure line (p,,,) and 
abdominal line (P pa)» which are then attached to a small port- 
able monitoring device, which is worn on a waist belt for the 
duration of the test. 


+ Once the test has started the patient can leave the department and 
perform normal activities such as walking, running, climbing 
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Fig. 3.2.10 Ambulatory urodynamic equipment. 


stairs, or any other activity that is a known trigger to reproduce 
their urinary symptoms in their day-to-day life. 


+ As symptoms occur during the test, the patient is asked to press 
a key/button on the portable recording device that will mark it as 
an event as soon as it occurs (e.g. urgency, leakage). 


+ The patient completes two fill and void cycles. Sometimes a third 
is performed if symptoms have not been performed. 


+ Interpretation of the test is ongoing throughout the test period, 
events can be clarified with the patient as they occur, and the uro- 
dynamicist running the investigation completes the final inter- 
pretation and writing of the report. 


Neurophysiological testing 


Electromyography (EMG) is the commonest neurophysiological 
urodynamic test performed. The aim of EMG during a urodynamic 
study is to determine whether the external urethral sphincter com- 
plex is coordinated or uncoordinated with the bladder during void- 
ing. This can be done using either surface or needle electrodes. 

Surface electrodes are placed on the perineum to detect general 
striated muscle activity. It is technically difficult to ensure a good 
quality EMG signal from the appropriate muscle during this pro- 
cedure. Therefore, this has been abandoned in most major centres 
around the world. 

Needle electrodes, on the other hand, can isolate electrical activ- 
ity from specific muscle fibres and therefore are more interpretable, 
but more invasive. The tip of the needle electrode can be either 


monopolar, concentric, or single fibre in type, varying in dimen- 
sions, and the type of metal that is used. 

The use of EMG generally, and needle electrodes specifically, is 
reserved for only selected patients with neurogenic bladder dys- 
function, or those with behavioural voiding dysfunction (e.g. 
Fowler’s syndrome). 


Specialized patient groups 


Urodynamic investigations in paediatric and neurological patients 
are usually undertaken in specialist centres with experienced 
advanced urodynamic practitioners skilled in performing the 
investigations and interpretation of the results. The same prin- 
ciples of good urodynamic practice apply, as above, with some 
modifications. 


Neurological patients 


Filling is normally started at the lower rate of 10 mL/minute to 
assess bladder compliance. This rate can be gradually increased to 
50 mL/minute (in minute intervals) if there is no significant change 
in detrusor pressure or detrusor overactivity during filling. 

The patients may have to be filled lying down as they are unable 
to stand up. Monitoring for autonomic dysreflexia is important 
and the test may need to be done in a latex-free room with the 
availability of a hoist. Voiding may also have to be done while the 
patient is lying down or on their side with a long tube going into 
the flow meter. 
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If the patient has large residuals, then the standard teaching is not 
to empty the bladder and to fill above the patient’s baseline residual, 
as the aim is to see mimic the patient’s symptoms. The other reason 
for not emptying the patient completely is that the residual may 
be very high and it may take longer to fill them. If the patient self- 
catheterizes and normally has an empty bladder, then it is impor- 
tant to empty the bladder before the test. 


Paediatric patients 


Filling in children is normally within the range of 2-5 mL/ 
min. The normal bladder capacity for a child is [(age x 2) + 30]. 
A suprapubic catheter, to measure vesical pressure, may have to 
be inserted before the start of the test under general anaesthetic, 
if the child is unable to tolerate a urethral catheter. It is import- 
ant that the anaesthetic effects have worn off before performing 
the test. 

In our centre, we have several people involved with the test 
including a radiographer, a paediatrician, and a clinical nurse spe- 
cialist. The room is especially equipped with toys and a DVD player, 
as the test can take up to two hours to complete and needs to be 
child-friendly. 


Interpretation of results 


Interpretation of urodynamics is performed using the stand- 
ardized ICS guidelines for good urodynamic practice and its 
associated terminology for lower urinary tract function.*” The 
interpretation of urodynamic traces requires skilled knowledge 
and analysis of normal trace characteristics, which is based on the 
following key factors: 


+ Cough signal—p,,, and P pq should be equal and rise (positive 
pressure) simultaneously. The trace is checked at the start of fill- 
ing and then every minute throughout the duration of the filling 
period. 


+ Quality control—check for regular cough signal every minute, 
and then before and after voiding. 


+ Scale—check scales are equal (P ep Paba Pdet)- These are normally 
set at the range 0-100 cmH,O. Check the scale for flow rate, usu- 
ally set at 0-25 mL/s. 


+ Time—check the time scale interval on the trace: seconds or 
minutes. 


+ Check the accurate placing of bladder event markers through- 
out the investigation (e.g. urgency, detrusor overactivity, urinary 
leakage/type, first desire, normal desire). 


It can be difficult to analyse a urodynamic trace if these factors are 
not adhered to and should be used in conjunction with the resting 
bladder (P es) and abdominal (p pa) pressures at the start of filling, 
throughout filling, and at the end of filling to check for any cor- 
responding rise or fall in pressure. This enables the interpreter to 
cross check that the recorded values during filling and voiding are 
accurately recorded, and that the overall quality of the urodynamic 
trace is of an acceptable and reliable standard. 

There is no standardized way of interpreting traces, but the most 
important tip is to look at all three pressure lines during both filling 
and voiding and see if there are any changes in them, remembering 
that a change in the detrusor pressure could be due to a change in 
the abdominal or vesical lines. 


Troubleshooting 


Common problems with tests are usually related to the unequal 
transmission of pressures. If there is unequal transmission of pres- 
sure, it is usually caused by one of the following: 


+ Air in the system, which can cause a ‘dampened’ signal on the 
trace, resulting in a slow response to a cough transmission of 
pressure. 


+ Check for any loose connections in the taps, luer-locks, trans- 
ducers, catheters—this will cause a loss of pressure (negative) or 
negative pressure drift. 


+ Incorrect set-up of domes and connecting tubing—check that it 
is fluid-filled and that the set has been fully primed with fluid. 


¢ Kinking of any of the tubing—check for any blockages or kinks in 
the connecting pressure lines; for example, women may be sitting 
on the p pq line and cause kinking. 


Less frequently: 


+ Damaged/broken equipment—check transducer domes and con- 
necting cables. 


+ Operator error. 
+ Software/hardware failure. 
Pressures should remain within the acceptable range: 


+ Pye, and P pa should be positive: 5-50 cmH,0O. This can also be 
affected by the patient position and weight—a higher body mass 
index (BMI) can result in higher than normal pressure range. 
If p,., and/or p pq start at 0 cmH,O, it means that the pressure 
lines have been zeroed in the bladder and not to atmosphere. 
Therefore, the test would be of ‘bad’ quality. 


+ There should be a corresponding Pae 0-6 cmH,O in 80% 
of cases. 


Most problems that occur can be rectified by flushing the lines— 
normally 2-5 mL is sufficient. After each flush, ask the patient 
to repeat a cough to check the pressure transmission. It is always 
worth repeating this if the first attempt does not work. Developing 
a systematic approach to troubleshooting is an important aspect of 
good urodynamic practice. 

If transducer failure is suspected, it is worth checking zero during 
the test. A test can be paused (stop filling) while this is being done. 
Turn the transducer off to the patient and open to atmosphere— 
pressure should always return to zero at any point during the test. 
If it does not return to zero, the transducer should be re-zeroed and 
filling can then be restarted. Most urodynamic software will allow 
you to do this; if it doesn’t, you may need to restart the test again. 
This is the main advantage of using two three-way taps for each 
transducer. 


Conclusions 


Urodynamics needs to be performed interactively, with the 
patient, by trained personnel!” to the highest quality according 
to the ICS good urodynamics protocol, with continuous observa- 
tion of signals as they are collected and artefacts corrected where 
possible. The aim is to reproduce the patient’s symptoms in order 
to answer the urodynamic question formulated at the beginning 
of the test. 
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CHAPTER 3.3 


Urinary incontinence principles 
Nadir I. Osman and Christopher R. Chapple 


Introduction 


Urinary incontinence (UI) is a common and bothersome condi- 
tion that frequently impacts upon the quality of life of individu- 
als. It is defined by the International Continence Society (ICS) as 
‘the complaint of involuntary loss of urine’! and is broadly divided 
into three main categories of stress urinary incontinence (SUI), 
urgency urinary incontinence (UUI), and mixed urinary incontin- 
ence (MUI). SUI is defined as ‘the complaint of involuntary leak- 
age on effort or exertion or on sneezing or coughing}! while UUI 
is defined as ‘the complaint of involuntary leakage accompanied by 
or immediately preceded by urgency’! In this context, urgency is 
described as the ‘compelling desire to pass urine which is difficult 
to defer. MUI is defined as ‘the complaint of involuntary leakage 
associated with urgency and also with exertion, effort, sneezing 
or coughing’! This must be differentiated from mixed symptoms 
(MS), which is SUI with accompanying urgency. Other types 
of UI include nocturnal enuresis ‘the complaint of loss of urine 
during sleep’! and continuous or 24-hour incontinence, which is 
the constant leakage of urine.! Overflow incontinence is urinary 
leakage due to an overly full bladder. UI occurring under certain 
circumstances is termed situational incontinence and includes 
giggle incontinence and coital incontinence. Post-micturition 
dribble (PMD) is the leakage of urine occurring immediately 
following voids. 


Epidemiology 

Most epidemiological data on UI is derived from patient self- 
reporting on questionnaires or surveys which include some meas- 
ure of symptom frequency, severity, and impact on quality of life. 
Prevalence estimates of UI vary widely in the literature due to 
the lack of consistency in the definitions used, the wide variety of 
populations studied, and the different survey methodologies.” UI 
is more common in females and overall around 30-60% of women 
report suffering any UI with an increasing prevalence with age. In 
women in middle to later life, 5-15% experience daily episodes 
of UI. Approximately half of those with UI have SUI followed by 
MUL, with the smallest proportion having UUI. 

The epidemiology of UI in males is less well studied, with 
reported prevalence ranging widely from 1-39%, but is gener- 
ally around half as common as in females.* As in women, there 
is an age-related increase in prevalence. In older men, any UI 
occurs in 11-34%, whereas 2-11% suffer UI on a daily basis. In 
terms of type of UI, a direct reversal to that observed in women 
is seen, with UUI being the most common (40-80%), followed 
by MUI (10-30%), and SUI (<10%). This reflects the differences 


in anatomy and pathophysiological mechanisms of UI between 
the sexes. PMD is typically encountered in ageing men, although 
it may also be seen in younger men with either bladder neck 
obstruction or urethral strictures. While UUI is mainly seen in 
women, it does occur in men with increased age, associated in 
this context with detrusor overactivity (DO) and is a notable 
problem after prostatectomy. 

UI often impacts upon other aspects of an individual's health and 
quality of life. There is an association with depression,* falls in the 
elderly independent of other risk factors,° as well as an increased 
risk of nursing home admission.® UI with an urgency component 
(MUI, MS, and UUI) is generally more bothersome for individu- 
als than pure SUI.’ Despite the bother, patients often do not seek 
treatment believing the problem to be a normal part of ageing, that 
there are no treatments, or simply being too embarrassed to see 
their doctor. 

The economic costs of UI to the individual and wider society 
are legion. Cost is incurred in terms of healthcare expenditure 
to treat UI or associated conditions such as depression, as well as 
through lost productivity. A study in the United States found the 
direct costs of UI to be $16.3 billion per annum.$ In the United 
Kingdom, the annual cost of treating storage symptoms in women 
alone was estimated to be £233 million.’ The source of these costs 
includes containment devices (e.g. pads), drug therapy, hos- 
pital visits (e.g. physiotherapy, outpatient reviews), and surgical 
intervention. 

A multitude of modifiable and non-modifiable risk factors have 
been implicated in the aetiology of UI (Fig. 3.3.1). 


Aetio-pathophysiology 

Control of urinary incontinence is dependent upon a highly com- 
plex interplay between the bladder, the urethral sphincter, the pel- 
vic floor, and the central and peripheral nervous systems.* The 
neural control of storage and voiding function is discussed before 
focusing on the common pathophysiological mechanisms at play 
in male and female UI, broadly considered under the headings of 
urethral sphincter dysfunction and bladder dysfunction. 


Neural control mechanisms 


During the storage phase of the micturition cycle, there is inhib- 
ition of the parasympathetic innervation to the detrusor muscle 
preventing contraction, while simultaneously there is stimulation 
of the smooth and striated elements of the urethral sphincter, via 
the hypogastric and pudendal nerves, respectively, which ensures 
a closed outlet (Fig. 3.3.2).!° This process is facilitated by a spinal 
reflex mechanism, termed the ‘guarding reflex, which is initiated 
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Fig. 3.3.1 Confirmed risk factors for urinary incontinence in women and men (UTI = urinary tract infection; LUTS = lower urinary tract symptoms). 


through the low-level afferent activity that occurs as the bladder 
wall is distended due to filling. Additionally, an area in the lateral 
pons termed the ‘pontine storage centre’ is likely to have a role in 
non-volitional striated sphincter control.!! 

The micturition reflex is initiated by the pontine micturition 
centre (PMC) in the brain stem, once the negative control of this 
is released by the central nervous system. During voiding, bladder 
afferent activity passes centrally to PMC through a spinobulbospi- 
nal reflex pathway (Fig. 3.3.2); descending pathways lead to ureth- 
ral striated muscle relaxation (via inhibition of the guarding reflex), 
which is followed by parasympathetic activation causing detrusor 
contraction and urethral smooth muscle relaxation. The entrance 
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of urine is sensed by urethral afferents and triggers a further reflex 
that potentiates detrusor contraction ensuring bladder emptying.!? 

The timing of voiding is normally under strict volitional con- 
trol and is influenced by factors such as emotional state,!? social 
situation and perception of bladder fullness. Central to this pro- 
cess is thought to be the periaqueductal grey matter (PAG), which 
has connections to multiple higher brain centres and the PMC. In 
terms of afferent signals, these are relayed to higher centres by the 
PAG, leading to the conscious perception of bladder fullness.!! The 
PAG also receives projections from higher brain centres, such as 
the pre-frontal cortex, which is thought have a role in the tonic sup- 
pression of voiding until socially appropriate. 


Pontine micturition centre 


Hypogastric 
nerve 


Fig. 3.3.2 Neural control mechanism in storage and voiding: (A) storage reflexes; (B) voiding reflexes (spinobulbospinal reflex pathways in blue, parasympathetic outflow 
to bladder and urethral smooth muscle in green, and sympathetic outflow to urethral sphincter in red). 
Reprinted by permission from Macmillan Publishers Ltd: Nature Review Neuroscience, Fowler CJ et al., ‘The neural control of micturition’, Volume 9, Issue 6, pp. 453-456, Copyright © 2008. 
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Urethral sphincter dysfunction 


UI results when the intravesical pressure exceeds the intraurethral 
pressure, making the integrity of the urethral sphincter mechan- 
ism vital. The sphincter mechanism in both sexes is complex. The 
external component is commonly termed the ‘urethral sphincter 
mechanism’ in women (extending along the whole length of the 
urethra), and the distal sphincter mechanism’ in men. In men, 
there is also the powerful bladder neck mechanism which closes off 
during seminal emission to prevent retrograde passage of semen, 
but which also functions as a urinary sphincter. The bladder neck 
mechanism is poorly developed in women. The external sphincter 
is composed mainly of striated muscle and is typically horseshoe- 
shaped, arcing over the urethra. The striated muscle of the external 
sphincter is comprised of slow-twitch muscle, which helps to main- 
tain urethral resting pressure as opposed to that of the levator ani, 
which is fast-twitch muscle and able to contract rapidly in response 
in sudden increases in intra-abdominal pressure. 

Under resting conditions, the urethra remains closed due to pres- 
sure exerted by a combination of urethral smooth and striated mus- 
cle tone, along with mucosal factors which aid coaptation.!4 The 
muscles and connective tissues of the pelvic floor provide exter- 
nal support to the bladder and urethra, assuming a greater role 
in maintenance of continence during times of increased stress. 
Therefore, UI may result due to a functional deficit of the sphincter 
itself, termed intrinsic sphincter deficiency (ISD), or loss of ana- 
tomical urethral support, termed urethral hypermobility. 

In women, urethral hypermobility occurs as a consequence of the 
loss of extrinsic urethral support (it was originally thought that the 
position of the urethra was the important factor). It was postulated 
that with urethral descent on increased intra-abdominal pressure, 
pressure is transmitted to the bladder but not the urethra, and that 
this imbalance predisposes to leakage.!° More recently, theories 
have been based on concepts of urethral support, such as the ham- 
mock hypothesis!® and the Integral theory,!” where a stable ‘back- 
plate’ is needed to support urethral closure in response to increases 
in intra-abdominal pressure. 

ISD results when the sphincter is denervated or undergoes a 
direct mechanical or ischaemic injury, commonly thought to be a 
sequela of childbirth. ISD often coexists with urethral hypermobil- 
ity and it is therefore difficult to separate them out as distinct enti- 
ties. In men, the distal urethral sphincter is the most important for 
continence, although continence can be maintained on the basis 
of the bladder neck alone, as seen following injuries to the distal 
sphincter mechanism. ISD most commonly occurs following dis- 
ruption of the sphincter by prostatic surgery for benign or malig- 
nant disease, where the bladder neck mechanism no longer exists as 
a functional entity. Other less frequent causes include neurological 
disease and trauma, as seen with pelvic fracture urethral disruption 
injuries. 


Bladder dysfunction 


UI occurs when the detrusor pressure overcomes the resistance 
exerted by the urethral sphincter mechanisms. Conditions that 
lead to increased detrusor pressure may result in UI; these can be 
categorized as causing either low bladder compliance or detrusor 
overactivity (DO). Low bladder compliance is typified by an abnor- 
mal rise in detrusor pressure during filling whereas DO is the 
occurrence of non-voluntary contractions during bladder filling. 


Conditions causing low bladder compliance include damage to the 
innervation, such as that consequent upon radical pelvic surgery, 
or suprasacral spinal cord lesions. Alternatively, processes that alter 
the extracellular matrix content of the bladder wall by producing 
fibrosis, such as that seen following irradiation or bladder outlet 
obstruction, may also reduce compliance. DO can be categorized as 
idiopathic or neurogenic, depending upon whether a neurological 
lesion or dysfunction is present. 


Assessment and initial management 


The initial evaluation and management of UI may be undertaken 
in the primary care setting (Fig. 3.3.3). The aim is to determine 
broadly the type of UI the patient is suffering from; the timing, fre- 
quency, and severity of symptoms; the impact upon quality of life; 
and the presence of any complicating factors? that usually require 
specialist input. The initial assessment includes history taking, 
physical examination, and urinalysis + urine microscopy and cul- 
ture. Following this, management is usually empirical, and may 
consist of lifestyle measures, physical and behavioural therapies, 
and pharmacotherapy. Patients are either then managed in primary 
care if initial measures suffice, or referred for specialist investiga- 
tion and management (Fig. 3.3.4). 


History 


The important aspects of history taking include an evaluation of 
the nature of symptoms, timing, frequency, severity, and associated 
symptoms. The presence of co-morbidities that may lead to incon- 
tinence, particularly in the elderly, should be identified. In both 
men and women, it is important to determine the nature of any 
previous genitourinary or pelvic surgery or prior pelvic irradiation. 
A medication history is also essential to exclude drugs that may 
cause or worsen UI (Table 3.3.1). Several questionnaires are avail- 
able that assess the bothersomeness of symptoms and impact on 
quality of life and sexual function; although their use in everyday 
clinical practice is limited, they are useful in assessing symptom 
severity and response to treatment. 18 


Examination 


Clinical examination consists of general, neurological, and abdom- 
inal components with a pelvic floor assessment in females and 
rectal examination in males. On general inspection, the general 
demeanour, body habitus, mobility, and signs of neurological 
impairment are noted. On abdominal examination, it is important 
to assess the presence of a palpable bladder, masses, and scars from 
prior pelvic surgery. In males, digital rectal examination should fol- 
low examination of the external genitalia. The size and consistency 
of the prostate is assessed, along with the presence of any faecal 
impaction. The integrity of sacral innervation is checked by assess- 
ing anal tone, perianal sensation, and the bulbocavernosus reflex, 
confirmed by anal sphincter contraction in response to squeezing 
the glans penis or clitoris, or if the patient is catheterized, by tug- 
ging the balloon against the bladder neck. 

In females, examination of the external genitalia and vagina is 
essential. The vaginal mucosa is first assessed for signs of poor 
oestrogenization such as atrophy, a pale epithelium, and loss of 
rugae. Next, with the patient’s bladder comfortably full and the 
examiner observing the urethral meatus, the patient is asked to 
cough to demonstrate any stress leakage. The Q-tip test may also 
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ary incontinence in women 


CLINICAL : 
ASSESSMENT $ 


e Assess post-void residual urine 


PRESUMED 
DIAGNOSIS 


STRESS INCONTINENCE 
presumed due to 
sphincteric incompetence 


e Life style interventions. 


+ Pelvic floor muscle training for SUI or OAB 


+ Bladder retraining for OAB 
MANAGEMENT . 


incontinence) 


e General assessment (see relevant chapter) 

+ Urinary symptom assessment (including frequency-volume 
chart and questionnaire) 

e Assess quality of life and desire for treatment 

e Physical examination: abdominal, pelvic and perineal 


Cough test to demonstrate stress incontinence if appropriate 

Urinalysis + urine culture -> if infected, treat and reassess if appropriate: 
+ Assess oestrogen stats and treat as appropriate 

e Assess voluntary pelvic floor muscle contraction 


l | 


MIXED INCONTINENCE 
(treat most bothersome 
symptom first) 


{ E2 


Duloxetine* (SUI) or antimuscarinic or beta 3 agonist (OAB + urgency 


Complicated incontinence 


e Recurrent incontinence 
e Incontinence associated 
with: 
- Pain 
- Haematuria 
- Recurrent infection 
- Significant voiding 
symptoms 
- Pelvic irradiation 
- Radical pelvic surgery 
- Suspected fistula 


| 


OAB-with or without 


URGENCY INCONTINENCE + If other abnormality 
presumed due to found e.g. 
detrusor overactivity + Significant post 
uy void residual 


+ Significant pelvic 
organ prolapse 
e Pelvic mass 


e Other adjuncts, such as electrical stimulation 


e Vaginal devices, urethral inserts 


* Subject to local 
regulatory approval (see 
black box worning) 


Failure 


Fig. 3.3.3 Initial management of urinary incontinence in women. 


SPECIALIZED MANAGEMENT 


Reproduced from Chapple C, Abrams P, McVary K, and Roehrborn C, Male Lower Urinary Tract Symptoms (LUTS): An International Consultation on Male LUTS, Fukuoka, Japan, September 


30-October 4, 2012 and Montreal, Société Internationale d’Urologie and International Consultation on Urological Diseases 2013, with permission of the authors. 


be performed to assess for the urethral hypermobility, but is not 
thought to be particularly reliable. Pelvic floor muscle strength is 
evaluated by inspection and palpation. Finally, an assessment for 
pelvic organ prolapse with a speculum is performed; where pro- 
lapse is present, manual reduction by gentle digital elevation of 
the urethra can be performed prior to coughing to counteract any 
pelvic floor mobility and to assess the potential response to any 
potential surgery. 


Urinalysis 

Urinalysis is essential to exclude infection. Haematuria may be a 
sign of malignancy and warrants further investigation. Glycosuria 
is a useful screening test for diabetes mellitus. Urine microscopy 
and culture is warranted if the presence of blood or infection is 
indicated on urinalysis. 


Urodynamics 


Urodynamics is the collective term given to both the invasive and 
non-invasive tests that help to confirm the underlying cause of 
the patient’s UI and guide its subsequent management. By collect- 
ing objective information on the filling and voiding phases of the 


micturition cycle, urodynamics has two main aims: (i) to reproduce 
the patients symptoms during the test; and (ii) to provide a patho- 
physiological explanation by correlating the patient’s symptoms 
with urodynamic findings.!° 


Bladder diary 


The bladder diary provides valuable information on the frequency 
and nature (stress or urgency) of incontinence episodes.” For 
the clinician, the diary gives an indication of functional bladder 
capacity (usually 300-600 mL) and corroborates the severity of 
symptoms, while determining the presence of underlying polyu- 
ria (production of >40 mL of urine/kg/hr in a 24-hour period) 
or nocturnal polyuria (producing more than 33% of the 24-hour 
production after retiring to bed), which may exacerbate symptoms. 
Additionally, it permits for a more accurate assessment of fluid 
intake pattern,?° which may allow patients to realize adverse drink- 
ing habits.2° The usual format involves the patient recording the 
times of voids, voided volumes, and incontinence episodes over 
a 24-hour period for a minimum period of three days and up to 
seven days, with a record of fluid intake in terms of volume and 
type (e.g. cup of tea, or glass of water). Shorter diaries are in fact 
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HISTORY/ 
SYMPTOM 
ASSESSMENT 


e Assess for pelvic organ mobility/prolapse 
e Consider imaging of the UT/pelvic floor 
e Urodynamics (see notes) 


CLINICAL 
ASSESSMENT 


MIXED 
URODYNAMIC INCONTINENCE 
STRESS (US/DOI) 


INCONTINENCE (USI) 


(Treat. most bother- 
some symptom first) 


TREATMENT 


Fig. 3.3.4 Specialized management of urinary incontinence in women. 


Specialized management of urinary incontinence in women 


SE a ee 


‘Complicated’ incontinence: 


e Recurrent incontinence 
e Incontinence associated with: 
- Pain 
- Haematuria 
- Recurrent infection 
- Voiding symptoms 
- Pelvic irradiation 
- Radical pelvic surgery 
- Suspected fistula 


| 


DETRUSOR INCONTINENCE Consider: 
OVERACTIVITY associated with + Urethrocystoscopy 
INCONTINENCE poor bladder + Furter imaging 
(DOI) emptying + Urodynamics 
Bladder outlet Underactive Lower urinary tract 


obstruction detrusor anomaly/pathology 


Reproduced from Chapple C, Abrams P, McVary K, and Roehrborn C, Male Lower Urinary Tract Symptoms (LUTS): An International Consultation on Male LUTS, Fukuoka, Japan, 


September 30-October 4, 2012 and Montreal, Société Internationale d'Urologie and International Consultation on Urological Diseases 2013, with permission of the authors. 


associated with better compliance and so may be more accurate 
than their longer counterparts.”! 


Pad testing 


Pad testing is a semi-objective measure of the severity of UI, but 
does not distinguish between types of UI. When combined with 
the bladder diary, it provides useful information on the amount 
and timing of leakage. It involves the patient wearing an incon- 
tinence pad(s), which is weighed before and after use thereby 
gaining an estimation of how much the patient has leaked. It 


Table 3.3.1 Examples of pharmacotherapies associated with UI 


Mechanism Examples 


Drug causing 
overflow 
incontinence 


Anticholinergic effect Antidepressants, 
sedative antihypnotics, 


antihistamines 
Bladder outflow obstruction Alpha-adrenoceptor 


agonists 


Urethral relaxation 
(in women) 


Drug causing 
stress 
incontinence 


Alpha-adrenoceptor 
antagonists 


Drugs Diuretics, Caffeine, alcohol 
exacerbating 


incontinence 


Increasing urine production 
Decreased central inhibition  Sedatives, hypnotics, 


alcohol 


is particularly useful in proving the presence of incontinence 
when not demonstrable by other means.!? Different tests have 
been described; varying mainly by the length of time the pad is 
worn. The one-hour pad test is recommended by the ICS and 
involves the patient drinking 500 mL of fluid and within 15 min- 
utes undertaking a series of standardized exercises lasting one 
hour.”? An increase in pad weight of 1 g or more is considered 
diagnostic of UI.’ Pad testing may also be conducted over longer 
lengths of time to provide a more realistic picture of UI severity 
in everyday life. Pads are collected in resealable bags before being 
weighed with an overall increase of more than 8 g considered 
diagnostic.” A limitation of the test is the change in weight of 
the pad(s) may be accounted for by increased vaginal secretions 
or sweating. 


Free flow measurement (uroflometry) 


Free flow measurement is the simplest urodynamic test and is 
quick, non-invasive, and inexpensive while providing useful 
information on voiding function.’ In men with incontinence, 
it is useful as a screening test for bladder outlet obstruction 
(BOO) and is similarly useful in women with prolapse or pre- 
vious incontinence surgery, who are at increased risk of BOO. 
In those women with uncomplicated stress incontinence, a ‘fast 
void’ may be seen. The obvious limitation of free flow meas- 
urement is the inability to distinguish between a low flow due 
to BOO or detrusor underactivity, which requires pressure flow 
studies. 1° 


Post-void residual 


Post-void residual (PVR), although not a urodynamic test as such, 
is often performed along with free flow measurement. A residual 
volume of urine may remain in the bladder due to detrusor under- 
activity, where the patient’s bladder was not able to generate an ade- 
quate pressure in order to empty, either in the presence or absence 
of BOO. There is no consensus on what exactly constitutes a patho- 
logically high PVR and the test is known to have poor test-retest 
reliability, therefore should only be repeated if an abnormal result is 
found.*° Generally, any PVR associated with symptoms or urinary 
infection and/or PVR greater than 40% of the functional bladder 
capacity (volume voided+ PVR) should be considered clinically 
significant. The PVR is helpful in identifying men and women with 
chronic retention who may present with overflow incontinence. 
When considering antimuscarinic therapy in men at risk of BOO, 
checking and monitoring PVR is sensible. 


Pressure flow studies 


Invasive pressure flow studies (PFS) are a valuable diagnostic test in 
both male and female UI. PFS may confirm UI and the likely cause, 
assess detrusor function during filling and voiding, and evaluate 
sphincter weakness and pelvic floor function. When combined 
with fluoroscopy (videourodynamics), dynamic correlation of 
anatomy and function is possible, specifically aiding assessment of 
bladder neck opening and descent/hypermobility. Additionally, in 
complex situations such as suspected fistula or urethral diverticula, 
videourodynamics can be of diagnostic use. 
The indications for PFS in UI include: 


(i) Failure to demonstrate UI with simpler methods 
(ii) Failure of conservative measures 
(iii) Prior to operative intervention 
(iv) Known or suspected neurological disease 
(v) Prior incontinence surgery 
(vi) Incontinence following pelvic surgery/irradiation”® 


Whether PFS are essential preoperatively in the female with a clear 
history of SUI remains controversial and is the subject of current 
study. The concern is with missing an important alternative diag- 
nosis, such as DO; a retrospective analysis from Bristol found that 
26.1% of women with clinically diagnosed ‘pure’ SUI had import- 
ant alternative diagnoses on PFS.?” PFS are certainly essential if 
there is a prior history of failed incontinence surgery. SUI is far 
less common in men and occurs most commonly due to iatrogenic 
sphincter injury during prostatectomy. It is considered essential to 
perform PFS in this setting to exclude BOO, DO, or poor bladder 
compliance as the cause of UI before operative planning. 

In terms of UUI, the typical picture is of leakage occurring in associ- 
ation with a non-voluntary detrusor contraction. Often DO will show 
a progressively increasing phasic pattern until a terminal contraction 
occurs, at which point the patient feels they cannot delay voiding any 
longer otherwise leakage will occur.” Alternatively UI may follow 
provocative manoeuvres such as coughing, which videourodynamics 
will clearly confirm as occurring due to DO rather than stress. 

In patients with MUI, it is essential to combine both the symp- 
tomatic and urodynamic assessment to ascertain which is the pre- 
dominant and most troublesome component. In general, DO when 
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present is treated first. An important point to note in performing 
PFS in women with MUI is that due to the poor resistance of the 
outlet, the significance and severity of DO may be underestimated. 
After outlet surgery, this may then emerge as more pronounced and 
contribute to an unsatisfactory outcome. 


Cystourethroscopy 


Cytsourethroscopy is performed in the presence of complicating 
factors, especially haematuria, but is not a standard part of the 
assessment of UI. In women, it may be helpful in identifying ostia 
when diverticula are suspected or when evaluating fistulae. In men, 
it will allow the exclusion of bladder neck stenosis or urethral stric- 
ture, especially in the post-prostatectomy patient where anasto- 
motic stricture can arise and impact upon any subsequent surgery, 
such as artificial sphincter implantation. 


Conclusions 


UI is a common and bothersome condition with a diverse aeti- 
ology. In women SUI is most frequent, whereas in men UUI pre- 
dominates. The initial assessment entails a comprehensive history, 
examination, and urinalysis, following which patients are either ini- 
tially managed with conservative measures including containment 
devices, pharmacotherapy, and physical or behavioural therapies. 
Patients are referred onward for specialist care if complicating fac- 
tors are present or conservative measures fail. The specialist assess- 
ment entails a bladder diary, PVR measurement, and urodynamic 
studies, which aim to reproduce the incontinence and identify the 
underlying pathophysiology. 
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CHAPTER 3.4 


Assessment of urinary 
incontinence 


Marcus Drake 


Introduction to urinary incontinence 


Urinary incontinence is defined by the International Continence 
Society (ICS) as any involuntary loss of urine.! It is a high preva- 
lence problem, which can affect any age group. Prevalence increases 
with age, reflecting the multifactorial underlying pathophysiology, 
increasingly manifest because of the accumulation of contribu- 
tory factors with senescence. Incontinence is a specific subtype of 
lower urinary tract symptom (LUTS), and assessment of incontin- 
ence needs to take into context the LUTS and wider medical issues. 
Particular emphasis needs to be placed on the desire for treatment 
on the part of the patient. Deriving a treatment strategy requires an 
insight into the extent to which the patient is bothered, the underly- 
ing contributory factors, and potential co-morbidities, which could 
complicate the likelihood of a satisfactory treatment outcome. 

Sometimes the pathophysiology is relatively straightforward and 
predictable. For example, pelvic floor ligamentous support may be 
impaired in a parous woman, resulting in urethral hypermobility 
as the commonest basis of female stress incontinence. At the other 
end of the spectrum, neurological disease or people with previous 
pelvic surgery can have varied and unpredictable pathophysiology, 
which is difficult to establish from symptomatology. Both circum- 
stances mandate a comprehensive evaluation, to avoid misplaced 
presumption and consequent misguided intervention. Certain his- 
tory or examination findings should prompt specialized input. 
These include the presence of haematuria, previous pelvic surgery 
or radiotherapy, constant leakage suggesting a fistula, severe void- 
ing difficulty (particularly if the bladder is palpable after voiding), 
or suspected neurological disease. 


History and examination 


Key points in the history are listed in Table 3.4.1. The context in 
which incontinence arises needs to be categorized into stress, 
urgency, or mixed urinary incontinence, as defined by the ICS.! 


+ Stress urinary incontinence (SUI) is the complaint of involuntary 
leakage on effort or exertion, or on sneezing or coughing. 


+ Urgency urinary incontinence (UUI) is the complaint of invol- 
untary leakage accompanied by or immediately preceded by 
urgency. 


+ Mixed urinary incontinence (MUI) is the complaint of invol- 
untary leakage associated with urgency and also with exertion, 
effort, sneezing, or coughing. 


Table 3.4.1 Key points in the history and examination of incontinence 


History Examination 


Type of incontinence: SUI, UUI, MUI, 
continuous, giggle, intercourse-related 


Occult neurology screening: gait, 
tremor, coordination, lower back 


PMH: medical, surgical, radiotherapy, 
neurological, medication 


Abdominal: scars, palpable 
bladder, genitalia 


Lower urinary tract: LUTS (voiding, 
post-micturition, storage), UTIs, fluid 
intake (volume, type) 


Pelvic (women): vaginal anatomy 
and epithelium, urethral 
hypermobility, SUI, pelvic floor 
muscles, pelvic mass 


Pelvic: parity, gynaecological, sexual, 
POP, bowel symptoms 


Pelvic (men: anal tone, perianal 
sensation, prostate, masses) 


+ Other types of urinary incontinence may be situational, for 
example the report of incontinence during sexual intercourse, or 
giggle incontinence. 


SUI is reported in association with physical exertion, and can 
have a positional element; for example, it may be more noticeable 
when walking downhill. A large proportion of women with SUI can 
be identified primarily from their history. UUI is often described 
by phrases like ‘when I have to go, I have to go, to denote the urin- 
ary urgency, and ‘sometimes I don’t make it’ to denote the incon- 
tinence. MUI means that both types of incontinence are present at 
different times in the same person. Stimulation of urethral recep- 
tors in an SUI episode can give a urinary urgency feeling; this is a 
form of SUI, which must not be confused with UUI or MUI. Some 
patients with UUI may have overactive bladder activity elicited by 
exertion; this can cause stress-provoked UUI, and is a form of UUI, 
which must not be confused with SUI. Giggle incontinence and 
intercourse-associated incontinence are not well understood, and 
there is insufficient research-based evidence to derive insights into 
pathophysiology. Thus, they are categorized separately from SUI, 
UUI, or MUI. 

Contributory factors need to be considered. For women, this 
particularly comprises previous childbirth and any difficulties with 
delivery, such as perineal tears. For both men and women, previous 
pelvic and abdominal surgery needs to be documented. Because 
neurological disease can underlie incontinence or sudden onset 
urgency, some simple screening questions should be considered to 
exclude undiagnosed (occult) neurological disease. These include 
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new-onset tremor, coordination problems, reduced mental facul- 
ties, and erectile dysfunction in men. The medical history should 
also cover previous surgery, or medical conditions leading to co- 
morbidity which would influence the selection of certain treat- 
ment options. Factors affecting mobility should be considered. 
A person with urgency is more likely to have UUI if their mobility 
is impaired. Conversely, if mobility is temporarily impaired, SUI 
could become more problematic as mobility recovers. Anticipating 
future changes, and assessing the potential to optimize practical 
arrangements for toileting, may then be appropriate. 

Presence of a history of urinary tract infection (UTI) should be 
recognized, ascertaining whether the site of infection suggests cys- 
titis or pyelonephritis. It should also be established whether bac- 
teriological confirmation of UTI was obtained. In the history, all 
aspects of pelvic floor dysfunction should be considered, including 
urinary bowel prolapse and sexual symptoms. 

Urinary leakage may need to be distinguished from sweating or 
vaginal discharge. In anyone with continuous leakage, the possibility 
of a fistula or congenital abnormality causing ‘pseudo-incontinence’ 
should be considered. A patient with a recent history of surgery, 
or previous pelvic malignancy could be at risk of a urethrovaginal, 
vesicovaginal, or ureterovaginal fistula, or a combination. Relevant 
congenital abnormalities include an ectopic ureter. Classically, the 
distal end of the upper moiety of a duplex system can rarely insert 
below the urethral sphincter.4 There have been case reports of other 
variants, for example insertion of a ureter from a non-duplex system 
into the vagina? and crossed fused ectopia.® For a unilateral ectopic 
ureter, normal voiding will be present as well as continuous dribbling 
if there is a functioning contralateral kidney with eutopic ureter. 


Lower urinary tract symptoms 


In patients reporting incontinence, the presence of coexisting 
LUTS needs to be recognized. Voiding LUTS, comprising poor 
stream, hesitancy, terminal dribbling, or post-micturition drib- 
ble can occur in either gender, but are more common in men as 
a consequence of benign prostate enlargement. ICS standardized 
definitions are!: 


+ Slow stream is reported by the individual as his or her percep- 
tion of reduced urine flow, usually compared to previous perfor- 
mance or in comparison to others. 


+ Splitting or spraying of the urine stream may be reported. 


+ Intermittent stream (intermittency) is the term used when the 
individual describes urine flow which stops and starts, on one or 
more occasions, during micturition. 


+ Hesitancy is the term used when an individual describes diffi- 
culty in initiating micturition, resulting in a delay in the onset of 
voiding after the individual is ready to pass urine.! 


+ Straining to void describes the muscular effort used to initiate, 
maintain or improve the urinary stream.! 


+ They can often be associated with post-micturition LUTS, 
namely post-micturition dribble, and the sensation of incom- 
plete emptying. 

+ Feeling of incomplete emptying is a self-explanatory term for a 
feeling experienced by the individual after passing urine.! 


+ Post-micturition dribble is the term used when an individual 
describes the involuntary loss of urine immediately after s/he has 


finished passing urine, usually after leaving the toilet in men, or 
after rising from the toilet in women.! 


Storage LUTS compromise nocturia, urgency, and sensation of 
increased daytime frequency. ICS standardized definitions are!: 


+ Increased daytime frequency is the complaint by the patient who 
considers that s/he voids too often by day. 


+ Urgency is the complaint of a sudden compelling desire to pass 
urine which is difficult to defer. 


+ Nocturia is the complaint that the individual has to wake at 
night one or more times to void.’ For nocturia, each void is pre- 
ceded and followed by sleep. The nocturnal frequency includes 
these and those nocturnal voids which were not preceded and/ 
or followed by sleep. In nocturnal enuresis, the patient fails to 
wake when passing urine. ‘Nocturnal polyuria is present when an 
increased proportion of the 24-hour output occurs at night (nor- 
mally during the 8 hours whilst the patient is in bed). 


The presence of urinary urgency underpins the diagnosis of over- 
active bladder (OAB), defined as urinary urgency, usually with 
frequency and nocturia, with or without incontinence. OAB can 
also be called urgency-frequency syndrome.! If nocturia is present 
it is important to seek systemic conditions, which may alter fluid 
regulation or renal function, leading to increased overnight urine 
production, or global polyuria. In people with storage LUTS it is 
sensible to categorize the nature, volume, and timing of fluid intake, 
and to recognize that substantial amounts of fluid may be contained 
in foods such as salad or pasta. 


Symptom scoring questionnaires 


Clinicians and patients differ in their perception of symptoms,” 
and the subjective patient perception of the condition is cru- 
cial to management of the condition. Accordingly, it is now rec- 
ognized that measuring the patient perspective of the condition 
using self-completion questionnaires is substantially beneficial. 1° 
Questionnaires are generally self-administered by the patient and 
do not add greatly to the burden of assessment. Development of the 
questionnaires needs to meet key psychometric properties (validity, 
reliability, and responsiveness)! and caution is needed, as some- 
times the core properties are not met by specific tools.!* Symptom 
assessment questionnaires have been developed to quantify the 
severity and bother of lower urinary tract symptoms, including 
questionnaires specific to the context of incontinence. The range 
of questionnaires available is extensive; generic and gender-specific 
tools are available for incontinence, and others cover related situa- 
tions, such as lower urinary tract symptoms, pelvic organ prolapse, 
and anal incontinence. From the practical perspective, short form 
questionnaires providing a rapid insight into the severity of specific 
problems and the bother resulting from each symptom provide the 
most pragmatic benefit. More detailed questionnaires are valuable 
in the research setting, and bring additional insights of value in 
specialized units. 

The International Consultation on Incontinence Questionnaires 
(ICIQ)!?-!4 have been developed specifically to quantify the sever- 
ity and bother of the individual symptoms in a range of pelvic floor 
disorders, and this can be useful in guiding treatment towards the 
most bothersome symptoms present. ICIQ tools are available spe- 
cifically for use in LUTS, pelvic organ prolapse, faecal incontinence, 
and urinary incontinence, cataloguing quality of life and the other 


pertinent issues. The International Prostate Symptom Score is the 
most widely applied in the context of male LUTS,!> however it does 
not evaluate incontinence. Questionnaires undoubtedly aid the 
comprehensive evaluation of individual patients, though evidence 
to support overall improvement in treatment outcomes on a popu- 
lation basis for incontinence is lacking.” 


Examination 


Physical examination (Table 3.4.1) requires a general examination 
to consider the possibility of occult neurological disease. Simple 
screening observations such as abnormality of gait, tremor, dysco- 
ordination, or speech abnormality should be noted. Examination 
of the back could reveal spinal abnormalities, for example altered 
curvatures or sacral dimples, the latter potentially suggesting spina 
bifida occulta. Abdominal examination is required to detect a palp- 
able bladder or abdominal scars. Genital examination can reveal 
penile abnormalities or altered vaginal oestrogenization. Rectal 
examination is required in men to examine prostate enlargement 
or potential malignancy. 


Pelvic examination in women 


Vaginal examination should be undertaken to evaluate anatomical 
abnormalities, urethral hypermobility, pelvic floor muscle con- 
traction, pelvic organ support, the oestrogenization of the vaginal 
epithelium, and the presence of any pelvic mass. Most pelvic floor 
defects can be visualized during evaluation with a half speculum. 
Bladder neck mobility can be assessed by visual inspection. When 
the patient is in lithotomy position, the anterior vagina rotates 
posteriorly on straining, deflecting the meatus distally and anteri- 
orly. This signifies reduced bladder neck support. The Q-Tip test 
involves placing a cotton bud into the urethra and asking the patient 
to strain.!®!7 If the axis of the cotton bud increases by more than 
30 degrees from horizontal during the strain, the test is described 
as positive and signifies hypermobility. It is not a widely used test, 
due to discomfort and inconsistent findings. A cough stress test 
when the bladder is reasonably full can be used to confirm the pres- 
ence of stress incontinence. It is usually initially undertaken in the 
lithotomy position. If no leakage is observed, the cough stress test 
should be repeated in the standing position. Sometimes, a single 
cough will fail to elicit stress incontinence, in which case, a series of 
coughs may be required. Leakage should occur immediately with 
the coughing, since coughing can provoke an overactive detrusor 
contraction which might subsequently lead to urgency incontin- 
ence soon afterwards. Such cough-provoked urgency incontin- 
ence should not be confused with stress incontinence. The Bonney 
stress test initially was used to demonstrate urinary leakage during 
coughing!®; subsequently, it was developed by adding in digital sup- 
port of the urethrovesical junction during coughing to see if stress 
incontinence is reduced or eliminated. It provides some indication 
of mechanism of stress incontinence being due to hypermobility, 
but it does not predict the outcome of treatment. 

A correct pelvic floor muscle contraction is characterized by an 
anterior and cephalad movement. Vaginal palpation is needed to 
evaluate muscle strength, noting the tone at rest and the strength of 
a maximum voluntary contraction, where the woman attempts to 
recruit as many muscle fibres as possible to develop force. Factors 
to be assessed include strength, duration, movement, and repeat- 
ability. An overall impression of strong, weak, or absent can be 
made, but pelvic floor muscle strength rating scales, such as the 
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Table 3.4.2 Grading schemes for pelvic flooor muscle strength and 
for pelvic organ prolapse 


Grade Modified Oxford Scale of pelvic | Baden-Walker classification 
floor muscle strength! of POP? 

0 No contraction Normal, no prolapse 

1 Flicker Prolapse is halfway to the 
introitus 

2 Weak Prolapse is to the introitus 

3 Moderate Prolapse is partly through the 
introitus 

4 Good Prolapse is completely past the 
introitus 

5 Strong Not applicable 


(1) With kind permission of Springer Science and Business Media: Laycock J., ‘Clinical 
evaluation of pelvic floor muscles’ pp. 42—48, in Schussler B, Laycock J, Norton P, and 
Stanton S, (Eds.) Pelvic floor re-education: principles and practice, Springer-Verlag, London, 
UK, Copyright © 1994; and (2) Reproduced from Baden WF and Walker T, ‘Fundamentals, 
symptoms and classification’ p. 14 in Baden WF and Walker T, (Eds), Surgical repair of 
vaginal defects, ).B. Lippincott, Philadelphia, USA, Copyright © 1992, with permission from 
Lippincott Williams & Wilkins. 


modified Oxford Grading Scale! (Table 3.4.2), provide better 
objective documentation.?° 

Pelvic organ prolapse (POP) often coexists with incontinence, 
even though the conditions are distinct. Significant anterior POP 
(cystocoele) (Table 3.4.3) can obstruct voiding and potentially can 
obscure incontinence. Accordingly, failure to demonstrate incon- 
tinence in a woman with POP requires the reduction of prolapse, 
and potentially the maintenance of reduction with a pessary while 
undertaking evaluation for incontinence. Documentation of POP 
should use a quantification system, such as the pelvic organ pro- 
lapse quantification (POP-Q) system.?!? In the POP-Q test, six 
specific vaginal sites and the vaginal length are assessed according 
to position from vaginal introitus (Fig. 3.4.1).2? The length of the 
genital hiatus and perineal body are also measured. Anterior vagi- 
nal wall prolapse is defined as descent of the anterior vagina, so 
that the urethrovesical junction is less than 3 cm above the plane 
of the hymen. Apical segment prolapse is defined as any descent of 
the cervix (or vaginal cuff scar in women who have had hysterec- 
tomy) below a point 2 cm less than the total vaginal length above 


Table 3.4.3 Terminology of pelvic organ prolapse 


Cystocoele Prolapse of the posterior bladder wall into the anterior 


vaginal wall 


Urethrocoele Bulging of the urethra through the anterior vaginal wall 


Rectocoele Bulging of the anterior rectal wall into the posterior 


vaginal wall 


Enterocoele Bulging of the bowel through the posterior cul-de-sac 


and posterior wall 


Uterine prolapse Descent of the uterus through the pelvic floor into the 


vaginal canal 


Vault prolapse Descent of the vaginal walls in a patient with a previous 


hysterectomy 
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Anterior wall 
Aa 
Posterior wall 
Uterus 
Ap 
Anterior wall 
Anterior D Ba 
fornex / Posterior wall 
Bladder Posterior Bp 


Fornex 


Cervix or cuff 


ig 


Posterior fornix 


D 


Urethra Rectum | Genital hiatus 


Vagina gh 


Perineal body 
pb 


Total vaginal 
length 
tvl 


StageO m No prolapse is demonstrated 
m Points Aa, Ap, Ba and Bp are all at -3 cm 
m Either point C or D is between -tvl (total vaginal length) cm and (tvl-2) cm 
Stage! m The criteria for storage 0 is not met but the distal portion of the prolapse is more 
than 1 cm above the level of the hymen 
m All points (Aa, Ap, Ba and Bp) are <-1 cm 
Stage II m The prolapse is no more distal than +1 cm and no less proximal than -1 cm from 
the hymen 
m All points (Aa, Ap, Ba and Bp) are between —1 cm and +1 cm 
Stage IIl = The leading edge of the prolapse is more than 1 cm distal to the hymen, but 
protrudes no further than two centimeters less than total vaginal length 
m All points (Aa, Ap, Ba, and Bp) are beyond +1 cm, but less than tvl -2 cm 
Stage IV = Complete eversion of the total length of the lower genital tract is demonstrated 
m The distal portion of the prolapse protrudes to at least tvl -2 cm 


In most instances, the leading edge of stage IV prolapse will be the cervix or 
vaginal cuff scar 


Fig. 3.4.1 The POP-Q scheme to categorize nature and severity of pelvic organ prolapse. 


Adapted from American Journal of Obstetrics and Gynecology, Volume 1, Issue 8, Richard C. Bump et al, ‘The standardization of terminology of female pelvic organ prolapse and pelvic floor 


dysfunction, pp. 10-17, Copyright © 1996 Mosby, Inc, with permission from Elsevier, http://wwwsciencedirect.com/science/journal/00029378 


the plane of the hymen. Posterior vaginal wall prolapse is defined 
as any descent of the posterior vaginal wall over the midline point 
on the posterior vaginal wall, 3 cm above the level of the hymen, or 
if any posterior point proximal to this lies less than 3 cm above the 
plane of the hymen. 

The Baden-Walker system (Table 3.4.2) is another grading 
scheme, in which POP is graded between 0 and 4, stage 0 support 
indicating the absence of prolapse, while stage 4 is extreme prolapse 
with complete descent of the uterus outside the vagina. Stage 2 pro- 
lapse, at which the leading edge of the prolapse extends beyond the 
hymenal ring, appears to be associated with the greater degree of 
symptomatic involvement. 


Urinalysis 


Incontinence occurs more commonly in women with urinary 
tract infections, and can arise in the immediate aftermath of an 
acute UTI.*4 Accordingly, urinalysis is an appropriate evalua- 
tion for assessment of incontinence in patients who complain of 
dysuria. Asymptomatic bacteriuria differs from UTI, in that it 
does not appear to contribute to infection or any other morbidity. 
Accordingly, findings on urinalysis need to be interpreted accord- 
ing to symptomatic context. 

Dipstick urinalysis may be appropriate as a general screening 
approach in incontinence. If abnormality is present on urinalysis, 
a formal microscopy and culture may be warranted. Dipstick uri- 
nalysis can provide initial pointers towards the presence of bac- 
teriuria. Nitrites are only present if bacteria are present—though 
not all bacteria produce nitrites in urine. The presence of leuko- 
cytes suggests an inflammatory reaction. Thus, the presence of 
both nitrites and leukocytes strongly suggests UTI; formal micro- 
biological examination of the urine should then be arranged. The 
presence of protein or blood may arise in the presence of infection. 
Proteinuria can also be generated in the presence of renal disease. 
Haematuria can be present in renal disease or urinary tract malig- 
nancy. The presence of glucose is likely to signify poorly controlled 
diabetes mellitus. 


Post-void residual volume 


Physiologically, complete bladder emptying is expected with void- 
ing. The presence of any urine still within the bladder immediately 
after a void suggests incomplete emptying. Generally, completeness 
of emptying is measured immediately after a void with a bladder 
scanner or ultrasound—though in-and-out catheterization may 
give the same information. The remaining volume can be expressed 
as a post-void residual (PVR). Alternatively, the ‘bladder void- 
ing efficiency’ (BVE) can be used, which is the amount of urine 
expelled expressed as a proportion of overall volume.” PVR can 
be measured with a non-invasive scanner, or by catheterization; 
neither method is entirely accurate. A PVR can give a sensation 
of incomplete emptying, though this may be absent in people with 
impaired sensory nerve function. PVR may also predispose to UTI 
or incontinence. If bladder compliance is impaired or reflux is pre- 
sent, the possibility of future dysfunction of the upper urinary tract 
needs to be considered. 

Inefficient bladder emptying may represent the manifestation of 
bladder outlet obstruction or detrusor underactivity, so a PVR can 
be evident in people with voiding LUTS. Accordingly, PVR meas- 
urement is an important part of incontinence assessment, even 
though there is no agreed standardization of what constitutes a sig- 
nificant PVR, and the PVR needs to be interpreted according to the 
clinical circumstances. Most clinicians regard a PVR of less than 
100 mL in an asymptomatic patient as not being clinically signifi- 
cant. Most women without LUTS have a PVR of less than 100 mL.?6 
In 10% of women with urgency urinary incontinence, the PVR can 
be greater than 100 mL.?” PVR can also be elevated in the presence 
of pelvic organ prolapse. 

Expert opinion generally supports the use of PVR measurement 
in assessing incontinence,” but the evidence base is weak and non- 
standardized. Nonetheless, when planning surgical intervention 
for incontinence, an elevated PVR prior to intervention could dete- 
riorate after intervention, and this needs to be considered when 
counselling patients, given the possibility that intermittent self- 
catheterization could be necessary as a consequence of treatment. 


Flow rate testing 


Flow rate assessment is a non-invasive urodynamic test which eval- 
uates the synchronous functioning of the bladder and outlet. It is 
often combined with PVR measurement. The two most common 
systems for measuring flow rate are: 


(i) Gravimetric; flow rate is calculated from the rate of change of 
weight in the collecting jar. 


(ii) Spinning disc; as the urinary stream falls onto a rotating disc, 
the flow rate machine monitors the additional power needed 
to keep the disc spinning at the same rate. 


The maximum flow rate (Q nax) and pattern of flow are the key 
parameters. Most flow rate machines measure additional param- 
eters, for example average flow rate, voiding time, flow time, and 
time to maximum flow. However, there is no formal consensus on 
their utility for decision-making. 

Since hydration status alters bladder contractility, the patient 
should be well hydrated for a flow rate test, but avoid excessive fluid 
intake. Qnax is subject to within-subject variation??°; thus two or 
three voids ideally should be obtained, since a single reading could 
affect the conclusions drawn.?! Bladder volume at start of voiding 
affects Q nax? but the relationship differs between individuals.*4 
Thus, the voided volume is also documented, since a low voided vol- 
ume (in the absence of a PVR) may indicate that a low Q nax could 
have been artefactually reduced as a consequence of an underfilled 
bladder at time of testing.>? Nonetheless, conclusions can be drawn 
regardless of low voided volume.*° Overfilling also impairs bladder 
contractility.* 


(A) | 25 ml/s Flow Rate 
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Normal ranges of Q nax have been worked out from asympto- 
matic individuals. For both men and women, the Liverpool nomo- 
grams are a well-known example.** The Siroky nomogram is also 
in use for men.>*°7 Q nax significantly below normal (two standard 
deviations below the expected on a nomogram) may be caused by: 


+ Bladder outlet obstruction (BOO) 
+ Reduced bladder contractility 

+ Low voided volume 

+ Anxiety (‘bashful voider’) 


+ Equipment problem (failure to record properly, or inaccurate 
calibration) 


Since Q nay May signify the presence of BOO,” or reduced detrusor 
contractility, or both, it is insufficient in isolation as a diagnostic test for 
BOO. Where Q nax is normal, BOO cannot be excluded on flow rate 
testing alone, as physiological compensatory processes can increase 
bladder contractility to maintain flow despite outlet resistance. 
Pattern of flow is important in potentially giving an indication of 
mechanism, and in excluding an artefact which might mislead inter- 
pretation of Q max Objective parameters for describing flow patterns 
have been described.*? A normal flow curve (Fig. 3.4.2) should have a 
rapid upstroke, a curve with a clear Q nay and decline quickly to end 
cleanly; while this is sometimes described as ‘bell shaped; the trace 
is rarely so symmetrical. Abnormal patterns may present as follows. 


+ Men with benign prostatic enlargement may have a flow curve 
characterized by a slow upstroke, reduced Qmax, and prolonged 
downstroke, often with terminal dribbling.*° 


Voiding Time T100 16 s 
Flow Time TQ 16 s 
Time to max Flow TQ max 5 s 
Max Flow Rate Qmax 20.3 = mL/s 
Average Flow Rate Qave 12.2 mL/s 


Voided Volume 


Fig. 3.4.2 Flow rate patterns: (A) normal; (B) ‘prostatic’; (C) ‘plateau’, suggestive of urethral stricture; (D) intermittent; and (E) ‘squeeze artefact’—temporary occlusion of 


the distal urethral with a rapid spike immediately after the compression is released. 
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| Voiding Time T100 34 
: Flow Time TQ 34 
“Time to max Flow TQ yaa 14 
| Max Flow Rate Qmax 11.2 
: Average Flow Rate Qave 9.1 
: Voided Volume Vcomp 312 
Flow 
15 
mL/s 
Volume 
78 


(E) 


Fig. 3.4.2 Continued. 


+ Men with a urethral stricture may have a flow curve characterized 
by a rapid upstroke and downstroke, without terminal dribbling, 
but a reduced Qmax is sustained with a ‘plateau’ appearance. 


+ Men or women who strain to void have a stream with several 
peaks, caused by the patient doing Valsalva manoeuvres to raise 
abdominal pressure, and thus bladder pressure. 


¢ Intermittent: a poorly sustained detrusor contraction causes 
the stream to fluctuate. Appearance resembles a straining pat- 
tern (and straining is often done by patients with poor detrusor 
contraction). 


+ Artefacts: some men pinch the urethra, resulting in an unrepre- 
sentative high-speed squirt of urine, which does not reflect true 
Qmax. Some men allow the stream to wander over the funnel, so 
the stream is not evenly delivered to the spinning disc. 


Frequency volume chart 


A frequency volume chart (FVC) involves recording of the vol- 
ume and time of each void by the patient. FVCs are typically more 
accurate than patient recall.4!4? In the clinical setting, diagnostic 
accuracy suggests that the FVC duration should be four days or 
more.*? A standardized FVC is in development by the International 
Consultation on Incontinence (ICIQ) (Fig. 3.4.3).“4 If additional 
information is captured, such as fluid intake or symptom scores, 
the record is known as a bladder diary.1 

For storage LUTS, the FVC is particularly important, espe- 
cially in nocturia, as it underpins the categorization of underlying 
mechanisms.**-4” A key FVC derivative in patients with nocturia 
is the identification of nocturnal polyuria, since this can signify a 
systemic medical basis for nocturia.’ The parameters derived from 
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DEPARTMENT OF UROLOGY - BLADDER DIARY 


Name: 


Date of Birch: O O OO OO 


DAY MONTH YEAR 


Are you: Male O 


Female O 


Please complete this four day bladder diary. Enter the following in each column against the time. 


You can change the specified times if you need to. 


1. Drinks 


Write the amount you had to drink and the type of drink you had. 


2. Urine output 


Enter the amount of urine you passed in millilitres (mls) in the urine output column, day and night. Any measuring 
jug will do. If you passed urine but couldn't measure it, put a tick in the urine output column. If you leaked urine at 


any time write LEAK in the urine output column. 


3. Bladder sensation 


Write a description of how your bladder felt when you went to the toilet using the following codes; 


” 


0 - if you had no sensation of needing to pass urine, but passed urine for “social reasons’, for example, just before 


going out, or unsure where the next toilet is. 


1 - if you had a normal desire to pass urine and no urgency. Urgency is different from normal bladder feelings and 
is the sudden compelling desire to pass urine which is difficult to defer, or a sudden feeling that you need to pass 


urine and if you don’t you will have an accident 
2 - if you had urgency but if passed away before you had to visit the toilet. 


3 - if you had urgency but managed to get to the toilet, still with urgency but did not leak urine. 


4 - if you had urgency and could not get to the toilet in time so you leaked urine. 
4. Write BED when you went to bed and WOKE when you woke up in the time column. 


Here is an example of how to complete the diary: 


Time Drinks Urine Bladder 
Output (mls) sensation 


Amount Type 


6am WOKE 350ml 2 
7am Cup Tea 
8am v 
9am 
10am 300ml Water Leak 
11am Leak 3 


Fig. 3.4.3 The validated frequency volume chart developed by the International Consultation on Incontinence Questionnaire 
covers four days (only two illustrated). 


ICIQ). The chart is self-completed, and 


Reprinted from The Journal of Urology, Volume 188, Issue 1, ‘The International Prostate Symptom Score Overestimates Nocturia Assessed by Frequency-Volume Charts, pp. 211-215, 


Copyright (2012), with permission from Elsevier. 


a FVC include: daytime urinary frequency; volume of individual Pad testing 
voids (mean and maximum); total voided volume; and indices 


related to nocturia (Table 3.4.4).48 Polyuria, ‘defined as the meas- Attempts to quantify severity of urinary incontinence have used 


ured production of more than 2.8 litres of urine in 24 hours in Pad tests, in which a pad is weighed before and after a defined 
adults}! can also be identified. period of use, sometimes with standardized physical exertion. 
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Name 
DAY 1 DATE:____/_ / DAY 2 DATE J- —/ 
Time Drinks Urine Bladder Time Drinks Urine Bladder 
Output (mls) sensation Output (mls) sensation 
Amount | Type Amount | Type 
6am 6am 
7am 7am 
8am 8am 
9am 9am 
10am 10am 
11am 11am 
Midday Midday 
1pm 1pm 
2pm 2pm 
3pm 3pm 
4pm 4pm 
5pm 5pm 
6pm 6pm 
7pm 7pm 
8pm 8pm 
9pm 9pm 
10pm 10pm 
11pm 11pm 
Midnight Midnight 
1am Jam 
2am 2am 
3am 3am 
4am 4am 
5am 5am 
0 — did not need to go, went just in case 
1 — normal desire to pass urine 


2 — had urgency but it passed away 
3 — had urgency but got to the toilet before leaking 


4 — had urgency and leaked 


Fig. 3.4.3 Continued. 


Short duration tests (e.g. one hour), are generally undertaken 
under standardized office conditions. Longer tests (e.g. 24 hours) 
are often done at home. A weight gain of at least 1 g is usually con- 
sidered positive for a one-hour test, while 4 g is positive for a 24- 
hour test. Evidence is varied in relation to reliability under retest 
conditions.4?->* Longer duration tests tend to be more consistent 
on repeated testing. Correspondence between short and long dur- 
ation tests is unreliable. 

Overall, the lack of standardized assessment and uncertainty 
regarding retest reliability, along with practical issues, means that 


pad tests are not widely employed in the basic clinical diagnosis or 
assessment of severity of incontinence. 


Imaging and cystoscopy 


Imaging the lower urinary tract during investigation of urin- 
ary incontinence seeks to observe the leakage from the bladder 
and descent of the bladder neck.? Ultrasound and MRI scanning 
had been used to evaluate dynamic function of the pelvic floor in 
incontinence. Extensive research has been undertaken, but there 


Table 3.4.4 Definitions in classification and aetiology of nocturia 


UV (nocturnal urine volume) ightly voided volume, plus first 


morning voided volume 


FBC (functional bladder capacity) Largest single recorded voided volume 


rom FVC 
UV/FBC 
Recorded from FVC 


octuria index (Ni) 


ANV (actual number nightly voids) 


PNV (predicted number nightly i-1 
voids) 


octurnal bladder capacity index ANV — PNV 


(NBCi) 


octurnal polyuria index (NPi) NUV/24 h total voided volume 


Reprinted from The Journal of Urology, Volume 175, Issue 3, Nocturia: “Do the Math’, pp. 
S16-S18, Copyright © 2006, with permission from Elsevier, http://www.sciencedirect.com/ 
science/journal/00225347 


is currently little on which to base recommendations for imaging 
in incontinence assessment. It is unclear whether imaging can aid 
selection of appropriate surgical procedures and stress incontin- 
ence. Studies have looked at the relationship between sphincter 
volume and continence function in women. Evaluation of blad- 
der neck mobility using ultrasound or MRI has not yielded pre- 
dictive information related to urinary incontinence. MRI can 
provide an overall pelvic floor assessment, including assessment 
of prolapse, defecation, and integrity of the pelvic floor supports. 
However, the findings have not been generalized between institu- 
tions. Furthermore, correspondence between imaging findings and 
physical examination in POP is questioned.” Accordingly, imaging 
is not included as routine practice in guideline recommendations.” 

Cystoscopy is not specifically indicated for incontinence alone. 
However, if haematuria is also present, guidelines for haematuria 
assessment should also be followed. For people with recurrent UTIs, 
cystoscopy is common practice. For women with previous incontin- 
ence surgery, especially if haematuria, leukocyturia, or proteinuria is 
present, cystoscopy should be considered to exclude abnormality such 
as a migrated paraurethral suture, or intrusion of surgical mesh into 
the bladder. Cystoscopy should be considered in persistent refractory 
UUI, as there are anecdotal reports of important conditions, such as 
bladder cancer, being misdiagnosed as overactive bladder. For men 
with post-prostatectomy incontinence, cystoscopy is used by some 
surgeons as part of the work-up for a transobturator sling. 


Conclusions 


People with incontinence require comprehensive assessment to 
identify underlying mechanisms and potential risk factors. For 
women with SUI, a large proportion can be identified primarily 
from their history, but due care should be taken to ensure that the 
minority of women with more complex underlying mechanisms 
are properly identified before irrevocable treatment is instigated. 
Symptom bother needs to be assessed alongside severity, to ensure 
therapy focused on the patient's quality of life; this is most effect- 
ively and simply captured with validated questionnaires. Coexisting 
conditions such as POP and systemic medical problems need to be 
considered. Physical examination needs to cover general aspects, 
such as the patients mobility and possibility of occult neurological 
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disease, along with abdominal and pelvic examination. Basic inves- 
tigations include a frequency volume chart, urinalysis, post-void 
residual measurement, and flow rate testing. These assessments 
then empower the clinician to recommend conservative therapy 
options. Additional testing, such as pad tests or imaging are legit- 
imate, but not currently in general use. 
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CHAPTER 3.5 


Stress urinary incontinence 
Christopher R. Chapple and Altaf Mangera 


Definitions of incontinence 


The standardization of lower urinary tract symptoms (LUTS) and 
dysfunction (LUTD) terminology has been undertaken by the 
International Continence Society.! The committee has described 
urinary incontinence as the complaint of involuntary leakage of 
urine. When the leaking is accompanied or preceded by urgency, 
it is labelled as urgency urinary incontinence. Involuntary leakage 
on effort, exertion, coughing, or sneezing is termed stress urinary 
incontinence (SUI). When an individual complains of both of the 
above, they are said to have mixed urinary incontinence. Enuresis 
is a term synonymous with incontinence and may be preceded 
by the adjective ‘nocturnal, which describes loss of urine during 
sleep. Overflow urinary incontinence occurs in association with 
an overdistended bladder and continuous urinary incontinence is 
the complaint of continuous urine leakage. Unconscious urinary 
incontinence is the unperceived loss of urine. Finally, situational 
urinary incontinence occurs only in specific situations such as with 
giggling or during intercourse. The remainder of this chapter will 
concentrate mostly on SUI. 


Anatomy/physiology of continence 


The bladder is a hollow muscular organ. Its two main functions 
are to store urine at low pressure and allow its expulsion at an 
appropriate time and place. The bladder spends 99% of its time in 
the storage phase. Receptive relaxation of the bladder allows the 
accommodation of urine without an appreciable rise in pressure. 
Concomitantly, the bladder outflow mechanisms retain sufficient 
resistance to maintain continence. The urinary continence mecha- 
nisms are different in males and females, and are best considered 
separately. 

In males, there are two important sphincteric mechanisms which 
contribute to continence: a proximal bladder neck mechanism, and 
a distal urethral mechanism at the apex (distal end) of the prostate. 
The sphincters are such that continence should be maintained in 
the absence of either sphincter. The proximal sphincter is composed 
of an inner layer of circular muscle fibres, which continue from the 
bladder trigone into the inner longitudinal layer of smooth muscle 
in the urethra. This muscle is richly innervated by adrenergic fibres, 
which when stimulated produce closure of the bladder neck. 

The distal urethral sphincter extends from the distal 3-5 mm 
of the prostate into the membranous urethra and is composed of 
extrinsic striated muscle capable of sustained contraction in order 
to maintain continence. This sphincter also contains a smooth 
muscle component as shown in Figure 3.5.1. The striated urethral 
sphincter is longer anteriorly and extends higher up the prostate 
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Fig. 3.5.1 Diagrammatic representation of the urinary continence mechanisms 
in the male. 


here.” Hence it is easier to inadvertently cut into this anterior por- 
tion when performing endoscopic prostatectomy. 

In females, the bladder neck sphincter is far weaker than in the 
male and is absent in 40% of women. Therefore, urinary contin- 
ence relies upon the integrity of the distal sphincter, which is com- 
posed of longitudinal intrinsic urethral smooth muscle and a larger 
extrinsic striated muscle component. The horseshoe-shaped stri- 
ated sphincter is most developed in the middle-third of the urethra, 
with the muscle fibres present ventrally and laterally. It is composed 
of type I slow-twitch fibres surrounded by collagen. Given the lack 
of a proximal sphincter, during a cough, urine will enter the prox- 
imal urethra. In addition, in the middle and distal thirds of the 
urethra, a richly vascular submucosa supports the urethral epithe- 
lium and contributes significantly to urethral closure pressure. 

In order for the urethral sphincter to correctly function in the 
female, the pelvic floor support mechanism must also be intact. 
The levator ani muscles, in combination with the endopelvic fas- 
cia create an important part of the continence mechanism in 
women, forming a hammock-like layer which provides support to 
the posterior bladder neck and urethra (Fig. 3.5.2). Contraction of 
the levator ani, in particular the pubococcygeus muscle, pulls the 
vagina against the posterior surface of the urethra, thus closing it. 
This theory is known as the hammock hypothesis and was proposed 
by DeLancey. Another theory, proposed by Ulmsten and Petros and 
known as the integral theory, states that it is weakness in the anterior 
wall of the vagina leading to laxity in the posterior urethra which 
leads to SUI. If the posterior supporting ligaments are weak, then 
stress incontinence results. This model is analogous to compression 
of a hose pipe beneath the foot while it is lying on supported and 
unsupported ground. If the ground is firm good compression may 
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Urethra 


Endopelvic fascia 


Fig. 3.5.2 A view of the hammock theory by Ulmsten, the supporting structures to the urethra provide a backboard upon which the urethral contraction may be 


stabilized. 


Reproduced with permission from A. J. Wein et al, Campbell-Walsh Urology, Ninth Edition, Saunders, an imprint of Elsevier Inc, Philadelphia, USA, Copyright © 2006. 


be obtained, whereas soft ground will lead to inadequate compres- 
sion. All women with stress incontinence are thus likely to have a 
degree of intrinsic sphincteric deficiency with a variable degree of 
urethral hypermobility (pelvic floor laxity). In practice, however, 
there is no absolute method to quantify these two different com- 
ponents accurately.’ 

Neuronal control of the lower urinary tract is under a complex 
series of coordinated peripheral and central pathways. Generally, 
storage is under sympathetic control and voiding parasympathetic. 
Sensory afferents travel in the hypogastric nerves (sympathetic 
T10-12), pelvic nerves (parasympathetic S2-4), and pudendal 
nerves (Somatic S2-4). The somatic nerves arise from the nucleus 
of Onufrowicz (S2-4). The sympathetic nerves arise as postgangli- 
onic fibres from the T10-L2 spinal level and the parasympathetic 
nerves as preganglionic fibres from the $2-S4 level. Hypogastric 
(sympathetic) and pudendal (somatic) nerve stimulation leads to 
contraction of the sphincteric smooth and striated muscles, while 
the pelvic nerve leads to relaxation of both sphincters. In contrast, 
the detrusor muscle is relaxed by the sympathetic system and con- 
tracted by the parasympathetic. Centrally, the pontine micturition 
centre (PMC) and suprapontine areas of the brain are responsible 
for coordinating micturition. 


Epidemiology and risk factors 


In a meta-analysis of 48 studies, the prevalence of urinary inconti- 
nence was reported at 16% for women younger than 30 years and 
29% for women aged 30 to 60 years.* The authors found SUI to 
be more common than urgency urinary incontinence, with 78% of 
women having SUI versus 51% with urgency urinary incontinence, 
and 27% of them having mixed urinary incontinence. Each year, 


an estimated 135,000 women undergo surgery for urinary inconti- 
nence in the United States alone. 

The recognized risk factors for SUI include: female gender; age 
up to 50 years; high body mass index; smoking; pregnancy; vagi- 
nal delivery; pelvic surgery; diabetes mellitus; and connective tis- 
sue disorders. By far the most common mechanism in these cases 
may be the effect of the loss of muscle tone, long-term effects of 
denervation injuries sustained during childbirth, or changes in 
hormonal status leading to alterations in collagen in paravaginal 
tissues.©” However, it has proved difficult to show a link between 
natural menopause and increasing risk of SUI.® Also the evidence 
for hormone replacement therapy does not show it to reduce the 
risk of the development of SUI as evidenced by two RCTs.1°-4 


Symptoms 


SUI is very embarrassing for a patient to deal with. It is impera- 
tive that a careful history is undertaken and the patient encouraged 
to describe when and how their incontinence occurs. A qualitative 
report of the situation in which stress incontinence occurs (i.e. with 
minimal exercise or strenuous activity, and so on) gives a good indi- 
cation of severity, as well as the frequency of incontinence episodes 
with the amount of leakage. Caution should be applied when inter- 
preting pad usage, because some women change their pad at the 
first sign of moisture compared to others who only change when 
they are soaked through, and therefore one must ask why the pads 
are changed and in what condition. The presence of other LUTS is 
also important in guiding a clinician to any concomitant pathology. 

After it has been established that the incontinence is stress-related, 
one should assess the presence of any of the risk factors described 
above. Due to the strong sphincteric mechanisms in the male, 


stress incontinence is uncommon except following radical prosta- 
tectomy. Transient causes of incontinence such as delirium, urin- 
ary tract infection, polyuria, pharmacological, psychological, stool 
impaction, and restricted mobility should also be ruled out. Finally, 
the degree of bother should be ascertained to help guide therapy. 
There are many questionnaires which may be used to quantify the 
severity and impact of stress urinary incontinence, such as the 
ICIQ-UI SF, UDI, and Sandvik severity indices. These are however 
mostly used as research tools. 


Examination 


The physical examination should concentrate on detecting anatomic 
and neurologic abnormalities which may contribute to urinary 
incontinence. Examination should include palpation of any abdom- 
inal masses including a distended bladder along with the external 
genitalia. The prostate, anal tone, and sensation should be assessed 
in the male. In the female, the vaginal epithelium should be thick, 
pink, and contain transverse rugae. Ideally a vaginal examination 
should be performed with a full bladder (to perform a stress test and 
assess for pelvic organ prolapse) and empty bladder (to examine the 
pelvic organs). However, this may be difficult in clinical practice. 

The stress test is performed in the lithotomy position with the 
clinician’s fingers parting the labia to allow direct visualization of 
the urethral orifice. For the test, bladder volume, number, and force 
of coughs should be standardized. However, currently no stand- 
ards exist. Therefore, the test is performed in the presence of a ‘full 
bladder, during which the patient is asked to cough and leakage 
is observed. At the same time, a Bonney test may be performed by 
lifting the bladder neck in to the vagina and asking the patient to 
cough. This test was thought to show whether the urethra had pro- 
lapsed out of the abdominal cavity; however, it has been found to 
be unreliable and it is more likely that the lifting finger obstructs the 
urethra rather than lifting it back into the abdominal cavity.!? The 
Q-tip test involves the insertion of a thin sterile cotton tipped appli- 
cator into the bladder via the urethra. The applicator is withdrawn 
up to the point of resistance, which is the level of the bladder neck. 
‘The resting angle is recorded. The patient is then asked to strain and 
the degree of rotation assessed. A resting or straining angle greater 
than 30 degrees from the horizontal is defined as urethral hyper- 
mobility. This test has also been shown to have limited usefulness 
in a clinical setting. 

The vaginal examination should systematically examine all walls 
of the vagina and assess uterine position or vault position in women 
post-hysterectomy. An anterior prolapse (cystocele) may need to 
be reduced to show occult incontinence. In the prolapsed state, the 
cystocele can cause compression of the urethra and prevent incon- 
tinence from occurring; this consequently may occur on correction 
of the prolapse. 


Investigation 


Urinalysis is a simple test which should be performed in all patients 
with LUTS. It is not diagnostic, but should be used to screen for 
haematuria, glycosuria, leukocyte esterase, and nitrates. These 
may be indicative of carcinoma, diabetes, and infection, respec- 
tively, all of which may be associated with incontinence. Similarly, 
post-void residual estimation using an ultrasound bladder scanner 
is simple and non-invasive. It should be used to exclude overflow 
incontinence. 
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A frequency volume chart or bladder diary may be used to 
quantify the frequency of incontinence episodes and also to obtain 
an individual’s pattern of voiding. The daily voided volume may 
indicate polyuria, which is defined as the passage of more than 2.8 
L urine per 24 hours. The format and duration of the diary has not 
been standardized. Three different formats exist: micturition time 
charts record the number of voids (and incontinence episodes) 
in 24 hours; frequency volume charts also include the voided vol- 
ume; and bladder diaries record additional information such as 
number and type of incontinence episodes, pad usage, fluid and 
food intake, and degree of urgency. The length of time the chart 
is utilized is also unstandardized. Clearly, a balance needs to be 
sought between greater accuracy with lengthening the test period 
and patient compliance. Also, complex bladder diaries are less 
likely to be completed correctly. Therefore, most commonly a fre- 
quency volume chart is used for three to four days.!4 The param- 
eters obtained from a frequency volume chart are described in 
Chapter 3.4. 

Pad tests may detect incontinence but do not shed light on its 
cause. They can be used for long periods (72 hours) and short 
periods (one hour). The one-hour test should be performed under 
fixed conditions of bladder fullness and exercise. The International 
Continence Society has defined a gain in pad weight of >1 g over 
one hour or 8 g >24 hours as significant.! Any less than this can 
be due to natural sweating or vaginal secretions. The proposed 
International Continence Society (ICS) protocol for the one-hour 
test involves a patient drinking 500 mL over 15 minutes, followed 
by simple walking around for 30 minutes, and finally provocation 
manoeuvres for 15 minutes. Patients are disallowed from voiding 
for the duration of the test. If a more precise ‘real life’ test is desired, 
a 24-hour or longer test is preferred. 

Urodynamics: Urodynamic studies assume a variety of forms 
and need to be considered to represent a hierarchical series of pro- 
gressively complex tests. The frequency volume chart and pad test 
come as first line under the umbrella of urodynamics, followed by 
uroflowmetry, which is detailed further in Chapter 3.4. In addition 
to a flow test, a post-void residual estimation should also be under- 
taken to exclude overflow incontinence masquerading as SUI. The 
procedure is simple and can be undertaken in an outpatient depart- 
ment. The full bladder is scanned with an ultrasound probe, the 
patient voids into the flow meter in private, and a post-voiding scan 
is carried out to assess bladder residual. One should ensure that 
the patient has a subjectively full bladder prior to carrying out the 
study to provide a representative result. 

Most often, however, the term urodynamics is used to describe 
cystometry. Cystometry is the method by which the pressure/vol- 
ume relationship of the bladder is measured. Synchronous cystog- 
raphy with cystometry is termed video urodynamics, and should 
be considered in complex patients, since this methodology allows 
a combined anatomical and functional evaluation of lower urinary 
tract function. In particular, radiological screening provides valu- 
able additional anatomical information on the appearance of the 
bladder, the presence of vesicoureteric reflux, the degree of sup- 
port to the bladder base during coughing, and by itself is more 
than adequate for the diagnosis of sphincteric competence, and/ 
or the level of any outflow obstruction in the lower urinary tract 
on the voiding phase. This is offset by the need for radiological 
facilities, extra cost, and doses of radiation, all of which need to 
be justified. 
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Cystometry involves the insertion of one small catheter with a 
pressure transducer into the bladder and one into the rectum. The 
former also contains a channel which fills the bladder on the uro- 
dynamicist’s request. The intravesical pressure (P,,,) is a conse- 
quence of the intrabdominal (P pq) and detrusor pressures (P,,,). 
Therefore, the detrusor muscle pressure (P,,) may be extrapolated 
from subtraction of the abdominal pressure (P pa) from the intra- 
vesical pressure (P es) (Fig. 3.5.3). 

The cystometry protocol has been standardized by the ICS.! The 
finer details of this procedure can be found in Chapter 3.2 or in 
a dedicated urodynamics text book.!° Briefly, the procedure com- 
mences with a void in a flow meter, followed by assessment of 
post-void residue. The patient then has a catheter with a transducer 
inserted in to the rectum and bladder. The bladder is filled at a rate 
of 25-50 mL per minute using a peristaltic pump. This is termed 
the storage phase. The patient is asked to stand during filling to 
assess this phase. 

Throughout the study continuous rectal pressure, total bladder 
pressure, and electronically subtracted detrusor pressure measure- 
ments are recorded at a predetermined rate (usually one Hertz) and 
the results displayed on the video display unit. During the filling 
phase, the patient is asked to cough periodically to assess subtrac- 
tion, which acts as quality control (Fig. 3.5.3). In addition to this 
the patient is asked to report bladder sensations such as the first 
sensation, first desire to void, normal desire to void, and severe 
desire to void, as well as any urgency which they might develop. 
These sensations and their significance are considered further in 
Chapter 3.2. The patient is also asked to strain by doing the Valsalva 
manoeuvre and also to cough, to assess for stress incontinence. The 
volume of bladder filling at which SUI occurs and the amount of 
fluid lost during SUI are recorded. 

At this juncture, concomitant cystography gives additional infor- 
mation over cystometry alone. Filling the bladder with contrast 
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quality control 


Pabd 
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solution and screening during a cough should allow the differen- 
tiation of intrinsic sphincteric deficiency from urethral hypermobil- 
ity. The latter is seen as a greater than average movement of the 
urethrovesical unit during a cough. Some movement is necessary 
and an experienced urodynamicist can usually distinguish between 
normal movement and hypermobility. In contrast, with intrinsic 
sphincteric deficiency, a rectangular-shaped incompetent bladder 
neck is seen. The urethra does not spring back and continued leak- 
ing occurs after the stress event. It must be noted, to some extent, 
that women will have a combination of urethral hypermobility 
and intrinsic sphincteric deficiency and experience is necessary to 
interpret their relative functional significance. 

The urodynamic definition of SUI is ‘the involuntary leakage of 
urine during increased intra-abdominal pressure, in the absence 
of a detrusor contraction. Detrusor contractions are involuntary 
contractions of the detrusor muscle during bladder filling and may 
be associated with urgency. They are considered in more detail in 
Chapter 3.7. An inexperienced urodynamicist may be caught out 
by cough induced detrusor overactivity. One may assume that the 
cough is leading to stress incontinence; however, immediately after 
the cough, the detrusor trace shows a contraction which then leads 
to incontinence. This is an important finding as the two conditions 
are treated entirely differently. 

If more precise measurements of urethral function are required, 
then urethral pressure profilometry is undertaken. The pressure is 
recorded along the urethra consecutively, forming a urethral pres- 
sure profile. The intravesical pressure also needs to be recorded to 
exclude a simultaneous detrusor contraction. At rest the urethra is 
closed and this must be recognized when interpreting the results of 
urethral pressure studies. The urethral pressure is described as the 
fluid pressure required to just open the urethra and the urethral 
closure pressure profile is calculated by subtracting the intravesical 
pressure from urethral pressure. The maximum urethral pressure is 
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Fig. 3.5.3 A normal cystometry trace showing the storage and voiding phases. 


the maximum pressure of the measured profile and the maximum 
urethral closure pressure is the maximum difference between the 
urethral pressure and the intravesical pressure. Abdominal leak 
point pressure is the intravesical pressure at which urine leakage 
occurs due to increased abdominal pressure in the absence of a 
detrusor contraction. Detrusor leak point pressure is defined as 
the lowest detrusor pressure at which urine leakage occurs in the 
absence of either detrusor contraction or increased abdominal 
pressure. 

Although urethral pressure profilometry has the potential to be 
highly informative, the test does not comprise routine practice. 
Principally this is because there is a large overlap in values obtained 
from normal and symptomatic patients. In addition, it does not 
discriminate SUI from other urinary disorders, provide a measure- 
ment of the severity of the condition, or predict a return to normal 
urinary function following successful intervention with any sen- 
sitivity. However, in certain cases it may be helpful to obtain this 
information such as when considering a transobturator tape or an 
autologous sling procedure, which is discussed later in this chapter. 

Finally, electromyography can be used to assess nerve abnor- 
malities to the urethral sphincter. Needles are placed into a mus- 
cle mass, or surface electrodes are used to record electrical action 
potentials generated by depolarizing muscle. These have a charac- 
teristic waveform and therefore abnormalities may be recognized. 
These are seldom used outside specialist centres (see Chapter 3.2). 

In conclusion, urodynamics is not a technique which should be 
restricted to a few specialists. In most cases, the principles are sim- 
ple and well-formulated questions, obtained from a thorough his- 
tory and examination, are useful in selecting the appropriate test to 
undertake. The results should always be interpreted in light of the 
clinical findings. It is useful to view the urinary tract as a sequence 
of conduits, within which urine movement is dictated by cham- 
ber pressures and resistance to flow, with intervening sphincters 
controlling flow. It is advisable to avoid jargon terms and use the 
nomenclature of the International Continence Society as presented 
in this chapter. 


Management 


The first-line management of SUI should include lifestyle changes 
such as weight loss and supervised pelvic floor exercises. The long- 
term evidence for the efficacy of these interventions is questionable 
and success relies to a great extent on patient motivation. 
Pharmacotherapy has principally been used to try and increase 
urethral pressure in women with SUI. Urethral tone is maintained 
by the release of noradrenaline onto the alpha-adrenoreceptors and 
many different alpha-adrenoreceptor agonists have been used to 
treat SUI. The most widely used have been ephedrine and phenyl- 
propanolamine, but the literature has shown only limited benefit 
for these and their use has been abandoned because of safety issues, 
since they can cause hypertension as well as the lack of efficacy. 
Duloxetine, a serotonin/noradrenaline reuptake inhibitor has also 
been licensed for use in SUI. Both noradrenaline and serotonin are 
postulated to lead to enhanced contraction of the urethral rhab- 
dosphincter. A Cochrane review has shown significant improve- 
ments in SUI symptoms with duloxetine compared to placebo.!® 
SUI episodes have been shown to be halved in up to 64% of women, 
but the drug was discontinued by 15% due to side effects including 
nausea and psychiatric disturbances. Given these difficulties and 
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poor cost-effectiveness, pharmacotherapy is not routine practice in 
the management of SUI. 

Bulking agents can be injected intramurally into the urethra to 
provide bulk and support to the urethral sphincter mechanism. 
Different urethral bulking agents have been used ranging from 
collagen, autologous fat, carbon particles, calcium hydroxyapetite, 
ethylene vinyl calcohol copolymer, dextranomer, and silicone. The 
implants either become encapsulated or are absorbed by the body, 
depending on their constitution. Although success rates of cure 
plus improvement have been reported in up to 46% to 88%, com- 
plications related to these procedures include polymer migration, 
erosion, urinary retention, and embolism. Given that this therapy is 
costly with cure rates lower than those reported with surgery, most 
surgeons do not use bulking agents as first-line treatment, except in 
young female patients who have not completed their family or the 
elderly; and if used as a first-line treatment, many note an adverse 
effect on subsequent surgical intervention. 

Surgery is often the treatment modality of choice for SUI. There 
are five main categories of repair: 


Paravaginal repair with bladder buttress—this is used when con- 
comitant prolapse exists. A paravaginal repair of the prolapse is 
performed along with buttressing of the bladder to provide sup- 
port and/or elevation of the urethra. Meta-analysis has reported 
the success rate of this procedure to be in the region of 67.8-72%.!” 
However, the long-term success rates have been found to decline 
to 37%.18 A variant of this procedure is the vaginal obturator shelf 
procedure. The anterior wall and supporting endopelvic fascia of 
the bladder neck is elevated and sutured to the internal obturator 
muscle. The premise for this is that there should be no restriction 
to the intrinsic sphincteric function due to paraurethral tethering. 
There are, however, limited data to support this technique. 


Burch colposuspension is a long-standing effective treatment for 
SUI. The top of the vagina is lifted and fixed with permanent 
stitches into the space behind the pubic bone. At five years, Ward 
and Hilton report a 90% negative pad test among women in the 
colposuspension arm of a large randomized controlled trial.!° 
Complications reported from this study showed a rate of 39.8% 
of pelvic organ prolapse after this procedure and reoperation 
rates for incontinence of 3.4%. However, due to the emergence of 
less invasive techniques, as discussed later, the Burch colposus- 
pension is used less often these days. 


Needle suspension procedures use suspending sutures to suspend 
the bladder neck, usually from bone anchors placed in the pubic 
bone. These are, however, seldom used due to high failure rates. 


Autologous sling procedures—the first pubovaginal sling was 
described in 1933 by Price, who used autologous rectus fascia. 
The sling was placed beneath the bladder neck and attached via 
sutures to the pubic symphysis which was later called the ‘sling 
on a string’ procedure. The rectus fascia sling has a success rate 
of approximately 80% depending on the level of patient selection 
and follow-up. However, the procedure carries the risk of donor 
site morbidity. Therefore, researchers have investigated the use of 
acellular biological matrices as a replacement. ‘The early results 
have not been as good as that of autologous rectus fascia due to 
encapsulation or degradation of the biological grafts. 


Autologous tissue carries a negligible risk of urethral erosion. 
It is thought to have greater success in women where there is 
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predominantly intrinsic sphincteric deficiency, as the sling can be 
placed tighter on the urethra thus increasing sphincteric pressure. 
These autologous slings are usually used as treatment for intrinsic 
sphincter deficiency. Caution must be applied when tightening the 
sling, as there is a risk of urinary retention. 


Tape procedures: a synthetic tape is placed beneath the mid-urethra 
without tension. There are three main methods of positioning the 
tape, depending on its length. A full-length tape passes through 
the retropubic space, underneath the urethra to the other side, 
and is fixed by sutures to the anterior abdominal wall, this is 
known as the tension-free vaginal tape (TVT). Shorter tapes, 
known as ‘mini slings; are attached by suspending sutures at each 
end of the tape to the anterior abdominal wall; their use remains 
investigational at present since their results are not as good as a 
standard full-length sling. The tape can also be brought around 
through to the obturator internus muscle and out of the obtur- 
ator foramen, termed the transobturator tape (TOT) (Fig. 3.5.4). 
If the transobturator tape is inserted from inside the vagina and 
taken out of the groin (i.e. inside-out technique), then it is termed 
a TOT; and if the reverse is true and the tape is inserted from the 
groin into the vagina, then the proprietary kit is a TVT-O. 


More than two million tapes have been placed worldwide, mak- 
ing the tension-free tape the procedure of choice for SUI. The 
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Fig. 3.5.4 Variations of the sling/tape procedure. 1-TVT, 2-mini sling, 3-TOT. 


proposed mechanism of action of these tapes is to induce fibrosis in 
the suburethral tissue, thus forming a tough backboard upon which 
the urethra can contract. An updated meta-analysis has shown cure 
rates of 60-80% at five years.*° The TOT procedure was also shown 
to carry less risk of intraoperative bladder perforation compared to 
the TVT due to the course of the tape away from the bladder, but 
with similar efficacy. 

The TVT procedure has been shown to work better in women 
with a lower mean urethral closure pressure compared to the TOT 
procedure. This may be due to some tensioning due to tape position 
and mesh contraction as part of the host inflammatory response. 
The risk of bladder outflow obstruction is also reported at 10% and 
may require long-term self catheterization. Urgency and urgency 
incontinence occur in approximately 10% of cases. More serious 
complications include extrusion which is exposure of mesh into the 
vagina or erosion into the urinary tract, which combination occurs 
in up to 5-6% of patients in existing long-term studies, although 
this is likely to increase in prevalence with increasing duration of 
follow-up of patients. In addition, the fibrotic response to the mesh 
may lead to chronic pain and dyspareunia in a small proportion of 
women. 

In an attempt to reduce the complications of erosion and pain, 
researchers have tried to limit mesh to the suburethral region (mini 
sling) and fix this with sutures. Unfortunately, as noted above, the 
success of these mini slings has not been as great as the longer tapes.?! 

An artificial urinary sphincter may be utilized in women who have 
continuing incontinence after any or a combination of the above 
surgery. Female artificial urinary sphincters, as first-line therapy, 
have not been used in women due to their cost and the technical 
difficulty compared to the other techniques described above, result- 
ing in poor results when this approach is used as second-line ther- 
apy. However, a few studies arising from a few specialist centres 
where the artificial sphincter has been used as first-line therapy 
have reported excellent mid- to long-term results.22 Women with 
urodynamic proven severe intrinsic sphincteric deficiency are pos- 
tulated to benefit most from this surgery.”? 

The artificial sphincter consists of a cuff, which is placed around 
the bladder neck that applies pressure to the urethra keeping it 
closed. This is connected to a reservoir (balloon) and a pump, simi- 
lar to that in the male. Release of the pump allows the movement 
of fluid from the cuff in to the reservoir which allows urine out 
of the bladder. The reservoir has elastic recoil properties and the 
fluid slowly returns to the cuff after a few minutes thus closing the 
urethra again. 


Mixed incontinence 


Mixed urinary incontinence is a term that describes the presence 
of both urgency urinary incontinence and stress urinary inconti- 
nence. Owing to the high prevalence of both conditions individu- 
ally in the female population, it is not surprising that a proportion 
of women will have both. The important facts to elucidate in the 
history are the bother caused by each of the components of incon- 
tinence. These women should undergo cystometry if surgical treat- 
ment is contemplated and treatment should be directed at the most 
bothersome complaint. However, the patient must be counselled 
that by treating one complaint, the other may be made worse. 
Therefore, a careful balance of effects and side effects is required in 
these patients. 


Post-prostatectomy incontinence 


Primary SUI in men is extremely rare. It is mostly secondary to a 
neurological disorder, prostatic surgery (usually for malignant dis- 
ease) or chronic retention. It is therefore imperative to obtain the 
details of any bladder outflow obstruction procedures undertaken 
and also to assess for any signs of incomplete bladder emptying. 
Abdominal examination may reveal a palpable bladder or a lower 
midline scar for a radical prostatectomy; however, many centres 
perform radical prostatectomy laporoscopically or even robotically 
and therefore the scars are less conspicuous. A transurethral resec- 
tion of the prostate (TURP) or laser resection/enucleation leaves 
no scars. 

The risk of SUI post TURP is reported at less than 1%. It may 
occur due to a pre-existing weak distal urethral sphincter or due 
to inadvertent prostatic resection distal to the verumontanum. The 
risk of SUI is higher with radical prostatectomy. It is transient phe- 
nomenon in many men, but can be a persistent clinical problem in 
up to 10% of cases with symptoms subsiding over several months. 
Bulky disease, previous prostatic surgery, or radiotherapy are add- 
itional risk factors. 

Three-quarters of patients with post-prostatectomy incontinence 
will have a damaged sphincter, of which half will also have con- 
comitant detrusor overactivity. Therefore, cystometry is import- 
ant in this group of patients. In cases of true sphincteric damage, 
physiotherapy for the pelvic floor muscles may lead to symptom- 
atic improvement but there is a limited literature supporting its use. 
Intramural urethral bulking agents have not shown any significant 
success rates and are therefore seldom used. Male sling procedures 
are advocated in milder forms of sphincteric weakness, particularly 
when there is no nocturnal leakage—suggesting a milder degree of 
sphincteric weakness. Modern male slings have only been devel- 
oped recently and are currently under evaluation. The medium- 
term evidence shows that they may be more effective in patients 
with mild to moderate incontinence, but are less effective following 
radiotherapy or in patients with severe incontinence. They have a 
reported cure rate of 66% at four years, with a further 20% being 
improved but not cured.”4 Revision/explantation is required in 
up to 3%. 

The gold standard in this cohort of men remains the artificial 
urinary sphincter. Its mechanism of action has been described 
above. Continence rates, long term, have been reported at 90%. The 
sphincter has a revision rate of 17% at 5 years and 34% to 80% at 10 
years.*°.26 The infection rate after initial artificial urethral sphincter 
(AUS) surgery is 1% to 3%. Sphincters certainly have longer follow- 
up over slings, and are more likely to result in complete continence, 
especially in severe cases. 


Overflow incontinence 


This occurs when a patient develops chronic urinary retention 
due to incomplete bladder emptying. This is most commonly seen 
in elderly men with an enlarged obstructive prostate, however 
younger men with urethral strictures may also develop this. The 
bladder distends with chronic retention due to incomplete empty- 
ing and this may cause back pressure on the ureters and kidneys 
affecting renal function. SUI occurs due to the increased intra- 
abdominal pressure on a bladder already under great pressure. 
Chronic retention must be treated by catheterization. If bladder 
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contractility is preserved (as determined by cystometry) then a 
bladder outflow procedure, such as a TURP, may be undertaken. 
If bladder contractility is diminished, then long-term catheteriza- 
tion or, if sufficiently dexterous, intermittent self catheterization 
will need to be performed. 


Continuous incontinence 


Continuous incontinence is often due to a fistula, occurring most 
commonly in developed countries following surgery or obstetric 
injury. The presentation may include leakage of urine from the 
vagina (vesicovaginal fistula), while its treatment involves sur- 
gical repair of the fistula. Good surgical technique and adequate 
soft tissue coverage is essential (most commonly the omentum 
when repairing vesicovaginal fistulae) to ensure good healing and 
reduce the risk of recurrence. Finally, extraurethral causes, such as 
an ectopic ureter, may be responsible for the continuous leakage of 
urine. The treatment of choice here would be reimplantation of the 
ureter into the bladder. 
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Introduction to pelvic organ prolapse 


Pelvic organ prolapse (POP) is the downward descent of the pel- 
vic organs through or at the introitus. Prolapse can involve the 
anterior, middle (apical), or posterior compartment, or a combin- 
ation of all of them. The anterior compartment (anterior vaginal 
wall) is the commonest form of POP, and involves the descent of 
the bladder (cystocoele) and/or urethra (urethrocoele). The mid- 
dle compartment includes the uterus or the vaginal vault post- 
hysterectomy. This may involve the small bowel (enterocoele) or 
large bowel (sigmoidocoele). The posterior compartment repre- 
sents the rectum (rectocoele), which can also involve the small 
bowel (rectoenterocoele). 

The goal of reconstructive surgery is to restore normal vaginal 
anatomy in order to address any compartment dysfunction and 
relieve prolapse symptoms. The estimated lifetime risks of POP 
surgery have been suggested to be 7% with reoperation rates of up 
to 30%.! A recent study suggested that the lifetime risk of having 
surgery for POP was 11.8% at 80 years.” There are currently contro- 
versies regarding the use of mesh in pelvic floor surgery. On the one 
hand, when using mesh the literature tends to suggest lower pro- 
lapse recurrence rates compared to native repairs, but on the other 
their use has been associated with more complications such as ero- 
sion and dyspareunia. There is a paucity of randomized controlled 
trials in this area. Both the FDA and MHRA have issued guidance 
on the matter and have encouraged careful patient selection, sur- 
gery being performed by appropriately trained surgeons, rigorous 
patient counselling, regular auditing of procedures, encouraging 
reporting of adverse events through the different online databases 
provided by the different professional bodies for each subspecialty. 

This chapter will focus on the classification as well as the anat- 
omy, aetiology, presentation, investigations, and management of 
prolapse affecting the three different compartments. Several tech- 
niques of repair are possible in each compartment and therefore the 
chapter will highlight the principles of surgery, rather than be an 
exhaustive text of every operation available. 


Classification and epedimiology 


Grading systems 


Several classification methods and grading systems are available to 
define the extent of the prolapse. Any classification of POP should 
be reproducible with good interobserver and test-retest reliabil- 
ity. The type of POP can be classified at the site of anatomical pro- 
lapse; as an urethrocoele, cystocoele, uterine, or vault enterocoele 
and rectocele, respectively. The advantage of this classification is 


its simplicity; however, it is not always clear what viscera underlies 
the prolapse, especially in the case of previous hysterectomy (vault 
prolapse). A modification of this classification is to divide the pro- 
lapse into anatomical compartments, as defined by whether it is the 
anterior, apical, or posterior vaginal wall prolapse. The terms are 
defined in Table 3.6.1 according to the International Continence 
Society Standardisation Committee. 

The stage of prolapse also needs to be established. A commonly 
used grading system is the Baden-Walker system.‘ This defines 
the degree of prolapse in relation to a fixed point of the hymen 
(Fig. 3.6.1). Its simple and easy to use system has led to its common 
use worldwide, especially in the clinic setting. However, it lacks the 
degree of precision necessary for use in research. 

The POP-Q scoring system was first introduced by the 
International Continence Society (ICS) to standardize the grading 
of urogenital prolapse with an objective, reproducible site-specific 
system. Nine measurements (in cm) are made of the position of the 
midline vaginal structures in relation to the hymenal ring. These 
are measured while the patient performs a Valsalva manoevre and 


Table 3.6.1 International Continence Society (ICS) definitions of pelvic 
organ prolapse 


ICS definitions 


Pelvic organ 
prolapse 


Descent of one or more of: the anterior vaginal wall, 
the posterior vaginal wall, and the apex of the vagina 
(cervix/uterus) or vault (cuff) after hysterectomy 


Anterior vaginal 
wall prolapse 


Descent of the anterior vagina so that the 
urethrovesical junction (a point 3 cm proximal to 
the external urinary meatus) or any anterior point 
proximal to this is less than 3 cm above the plane of 
the hymen 


Prolapse of the 
apical segment of 
the vagina 


Descent of the vaginal cuff scar (after hysterectomy) or 
cervix, below a point which is 2 cm less than the total 
vaginal length above the plane of the hymen 


Posterior vaginal 
wall prolapse 


Descent of the posterior vaginal wall so that a midline 
point on the posterior vaginal wall 3 cm above the 
evel of the hymen or any posterior point proximal to 
this, is less than 3 cm above the plane of the hymen 


Reprinted from the American Journal of Obstetrics and Gynecology, Volume 187, Issue 1, 
Abrams P et al, The standardisation of terminology of lower urinary tract function: Report 
from the Standardisation Sub-committee of the International Continence Society, pp. 
116-2, Copyright © 2002 Wiley-Liss, Inc. This material is used by permission of Wiley-Liss, Inc, 
a subsidiary of John Wiley & Sons, Inc. Published by Mosby, Inc. All rights reserved, with 
permission from Elsevier, http://www.sciencedirect.com/science/journal/00029378 
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Fig. 3.6.1 Baden-Walker halfway system. Consists of four grades: grade 0—no 
prolapse; grade 1—halfway to hymen; grade 2—to hymen; grade 3—halfway past 
hymen; grade 4—maximum descent. 

Reproduced with permission from Baden WF, Walker TA, Lindsey JH. The vaginal profile. Texas 
Medicine. 1968 May; 64(5):56—-8. PubMed PMID: Copyright © 1968 Texas Medical Association. 


recorded in a three-by-three table.> This has become the standard- 
ized tool for documenting and communicating clinical findings and 
surgical outcomes (Fig. 3.6.2). However, its use is not yet routine as 
it is perceived as time-consuming, leaving its main role as a research 
tool when developing or comparing different surgical techniques. 
The different stages of the POP-Q are defined in Table 3.6.2.6 


Risk factors 


The prevalence of POP as defined by a sensation of a lump within 
the vagina is approximately between 5% to 10% in population- 
based studies. The most common vaginal prolapse is the anterior 
compartment, followed by the posterior and apical compartments.” 
Under physiological conditions (pre-prolapse) the levator ani 
muscles and the endopelvic fascia provide support by forming a 
dome-like configuration, which prevents the descent of the pelvic 
viscera. The aetiology of POP is multifactorial and can be attributed 
to both predisposing and triggering factors. Predisposing factors 
include neuropathic and muscular conditions, congenital prolapse, 
abnormal collagen, obesity, and postmenopause. Triggering factors 
include pregnancy, vaginal delivery, and obstetric injury, chronic 
conditions increasing intra-abdominal pressure (constipation, 
chronic obstructive pulmonary disease), and physical activities 
requiring heavy lifting. Patient awareness of the risk factors may 
contribute to prevent or delay the onset of prolapse symptoms. 


Anterior vaginal wall prolapse 


Anatomy and physiology 


The vagina is a fibromuscular cylinder, of variable length, between 
7 to 10 cm providing anatomical support for urination, defeca- 
tion, coital, and reproductive functions. The middle of the anterior 
vagina is normally in opposition with the posterior wall. The anter- 
ior wall is shorter than the posterior wall by a few centimetres, with 
the cervix making the shortfall. 

The different pelvic viscera supported by the vagina are kept 
in place by a combination of pelvic muscles and fascia, and their 
attachments to the pelvic side wall. The most relevant muscle struc- 
ture in the pelvis is the levator ani muscle (LAM). This is divided 
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Fig. 3.6.2 Points and landmarks for POP-Q system examination. 
Point description range of values 


Aa anterior vaginal wall 3 cm proximal to the hymen -3 cm to +3 cm 

Ba Most distal position of the remaining upper anterior vaginal wall -3 cm to +tvl 

C Most distal edge of cervix or vaginal cuff scar 

D Posterior fornix (N/A if post-hysterectomy) 

Ap Posterior vaginal wall 3 cm proximal to the hymen -3 cm to +3 cm 

Bp Most distal position of the remaining upper posterior vaginal wall -3 cm to + tvl 
Genital hiatus (gh) Measured from middle of external urethral meatus to posterior 
midline hymen 

Perineal body (pb) Measured from posterior margin of gh to middle of anal opening 

Total vaginal length (tvl) Depth of vagina when point D or C is reduced to normal position 
POP-Q staging criteria 

Stage 0 Aa, Ap, Ba, Bp = -3 cm and C or D <—(tvI—2) cm 

Stage | Stage 0 criteria not met and leading edge <-1 cm 

Stage Il Leading edge >-1 cm but <1 cm 

Stage Ill Leading edge >+1 cm but <+ (tvl—2) cm 

Stage IV Leading edge >+ (tvI—2) cm 

Reprinted from American Journal of Obstetrics and Gynecology, Volume 1, Issue 8, Richard C. 
Bump et al, ‘The standardization of terminology of female pelvic organ prolapse and pelvic 
floor dysfunction’ pp. 10-17, Copyright © 1996 Mosby, Inc, with permission from Elsevier, 


http://wwwsciencedirect.com/science/journal/00029378 


into three different groups (iliococcigeous, pubococcigeous, and 
puborectalis) and is attached laterally to the obturator internus 
through the arcus tendineous levator muscle. The anterior vaginal 
wall is supported by an underlying fascia called the pubocervical 


Table 3.6.2 Pelvic organ prolapse quantification system (POP-Q) 


Stage Definition 

0 No prolapse 

1 Most distal portion of prolapse greater than 1 cm above hymen 

2 Most distal portion of prolapse less and equal to 1 cm proximal or 
distal to hymen 

3 Most distal portion of prolapse greater than 1 cm below hymen but 
less than 2 cm of total vaginal length 

4 Complete eversion of total vaginal length 


Reprinted from the American Journal of Obstetrics and Gynecology, Volume 175, Issue 6, 
Hall AF et al, Interobserver and intraobserver reliability of the proposed International 
Continence Society, Society of Gynecologic Surgeons, and American Urogynecologic 
Society pelvic organ prolapse classification system, pp. 1467-70, Copyright © 1996 Mosby, 
Inc, with permission from Elsevier, http://www.sciencedirect.com/science/journal/00029378 
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Fig. 3.6.3 Levels of support expressed as DeLancey’s biomechanical levels: level |, 
proximal suspension; level Il, lateral attachment; level Ill, distal fusion. 

Reprinted from the American Journal of Obstetrics and Gynecology, Volume 6, Issue 1, DeLancey 
J. O, ‘Anatomic aspects of vaginal eversion after hysterectomy’, pp. 1717-24, Copyright © 

1992 Mosby, Inc, with permission from Elsevier, http://www.sciencedirect.com/science/ 
journal/00029378 


fascia, which is a downward extension of the endopelvic fascia con- 
taining elastin fibres, collagen, and smooth muscle. It can be divided 
into perivesical (bladder base) and periurethral fascia (bladder 
neck). Its lateral insertion to the pelvic side wall is through the 
arcus tendineous fascia pelvis (ATFP). 

Advances in imaging of the pelvis over the past two decades have 
contributed to a better understanding of the female pelvic anatomy. 
DeLancey has described three levels of support within the vagina 
(Fig. 3.6.3).? The apical support of the vagina is provided by the 
endopelvic fascia, and the cardinal and uterosacral ligaments (level 
I support). The middle anterior vagina wall is attached laterally to 
the pelvic side wall through the ATFP as described above (level 
II support). Finally, level III provides the urethral support and is 
formed of fascia and muscular attachments. The fascial attach- 
ments connect the periurethral tissues and anterior vaginal wall to 
the ATFP, while the muscular attachments connect the periurethral 
tissues to the medial border of the LAM. This configuration of mus- 
cles and fascia are responsible for keeping the bladder neck in its 
physiological position (3 cm above the inferior aspect of the pubic 
bone). Damage to any of the supporting structures will lead to 
anterior vaginal wall prolapse, which can be associated with stress 
urinary incontinence when level III is also affected. 


Aetiology 


Damage to any of the structures involved directly or indirectly in 
the provision of anterior vaginal wall support will lead to prolapse. 
This can carry within it the herniation of the bladder and urethra, 
associated with or without urethral hypermobility and stress uri- 
nary incontinence. Defects in the pubocervical fascia have been 
described as attenuation defects (distension injury), tears (central, 
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apical, or lateral), or a combination of both. In the presence of intact 
lateral supports, surgical repair of an attenuation injury is usually 
achieved by performing an anterior colporrhaphy. When a tear in 
the pubocervical fascia is identified, usually by the loss of epithelial 
rugae, the surgeon will perform a site-specific repair in an attempt 
to close the anatomical defect. This particular technique has been 
approached both vaginally and laparoscopically. 


Symptoms and presentation 


Like any other vaginal prolapse, patients can present with both 
anatomical and/or functional symptoms. However, the only con- 
sistent and specific symptom associated with POP is the sensation 
of a vaginal bulge, while urinary symptoms can include overactive 
bladder symptoms, urinary stress incontinence, voiding difficulties, 
or a combination of these. 


Evaluation 


The most important aspect of the clinical assessment is to perform 
a pelvic examination to determine the site and extent of the pro- 
lapse. This traditionally is performed in the left lateral position with 
the use of a Sims speculum. During the examination, the posterior 
compartment is retracted to assess the anterior vagina wall des- 
cent during a Valsalva maneouvre. This can also be repeated for the 
assessment of the posterior vaginal wall by retracting the anterior 
vaginal wall. The apical compartment can also be assessed with a 
Cusco speculum, which is gradually withdrawn as the patient per- 
formes a Valsalva maneuvre. Stress urinary incontinence needs to 
be assessed with a full bladder, asking the patient to cough at the 
time of examination. In the presence of bladder overactivity, the 
patient should be assessed using a bladder diary, urine dipstick, and 
post-void residuals if voiding difficulties are also present. It is rec- 
ommended that patients presenting with any vaginal compartmen- 
tal prolapse associated with urinary symptoms (both stress urinary 
incontinence (SUI) and/or overactive bladder) should undergo 
urodynamic investigations to establish a preoperative diagnosis. In 
cases where a degree of urethral kinking is suspected by the pro- 
lapse (grade 3 and 4), urodynamics should be performed with a ring 
pessary in situ to assess for occult urodynamic stress incontinence. 
Overactive bladder in the absence of significant post-void residu- 
als should be treated empirically before considering urodynamics. 
If symptoms persist despite treatment, urodynamic tests are recom- 
mended. The use of imaging (both ultrasound and MRI) is limited but 
can play a role in patients with recurrent and complex prolapse (vault 
prolapse), as it can help identify the prolapsing viscera (Fig. 3.6.4). 


Management 


Conservative treatment 

Common to any mild pelvic floor prolapse, pelvic floor exer- 
cises (PFE) and topical oestrogens may be indicated for symp- 
tom relief.19 While the evidence for the use of PFE is limited, it 
remains a reasonable initial step. Vaginal pessaries are an alter- 
native to surgery for more severe prolapse with a wide variety of 
shapes, sizes, and textures available. Generally, the use of vaginal 
pessaries is also indicated for those patients medically unfit for sur- 
gery or who require temporary relief during the postnatal period 
or prior to surgery. Pessaries can be either supportive (e.g. ring 
peassary) or space occupying (e.g. Gelhorn), with the former being 
the most commonly used, while the latter is usually indicated in 
severe multicompartmental prolapse with increased genital hiatus. 
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Fig. 3.6.4 MRI pelvis demonstrating anterior compartment prolapse: (A) at rest; and (B) with Valsalva maneuvre employed. 
Figures first appeared in Belal M, Morley R, Pelvic Organ Prolapse Repair, Urology News, Volume 16, Issue 1, pp. 10-12, Copyright © 2011. Reproduced with kind permission of Pinpoint Scotland Ltd 


and Miss Tamsin Greenwell. 


Contraindications for pessary insertion include the presence of a 
vaginal fistula and ureterovaginal erosions. The patient should be 
aware that there could be limitations during sexual intercourse, 
although younger patients usually can learn to remove and self- 
insert the ring pessary. The patient should be able to void and carry 
out normal activities without discomfort or spontaneous expulsion. 
The pessary should be initially reviewed at three months and then 
at six-monthly intervals to check for vaginal erosions or other com- 
plications. Any vaginal bleeding occurring while using a vaginal 
pessary should be promptly investigated to rule other sources of 
bleeding (endometrial, cervical). The evidence about the effective- 
ness of ring pessaries for the management of vaginal prolapse is 
limited. A Cochrane review in 2004 did not find any randomized 
trials of pessary use in women.!! 


Techniques for surgical repair 


Indications 

The main indications for surgical management include sympto- 
matic POP and failure of conservative measures. Young patients 
should complete their family ideally prior to POP repair as future 
pregnancy could disrupt the restored anatomy and function. 


Anterior colporrhaphy 

This is the treatment of choice for anterior repair in a published 
survey of gynaecologists in the United Kingdom.’ All vaginal sur- 
gery requires the patient in the lithotomy position with good field 
exposure (either by using a lone star retractor or at least two assis- 
tants). Hydrodissection of the anterior vaginal wall is performed 
with a mixture of local anaesthesia and adrenaline. A vertical inci- 
sion is made between the bladder neck down to the vagina apex or 
cervix. The vagina is dissected from the pubocervical fascia with a 
combination of sharp and blunt dissection using a wet gauze. This is 
performed laterally to the vaginal sulci and proximally to the cervix 
or vaginal vault. Fascial plication with multiple mattress sutures or 
a purse string is performed with 2/0 to 0 disolvable sutures. A post- 
procedure cystoscopy is performed in large prolapse or when there 
are any concerns about the ureters in the plication. 


Biological/synthetic mesh 
Anterior colporrhaphy with graft (biological or synthetic) sutured 
to the cardinal, uterosacral ligaments, endopelvic fascia, and 


obturator fascia, respectively, after the initial dissection. Several 
ready-made mesh kits are currently available which have extended 
supporting arms passed with trocars through the sacrospinous lig- 
ament and obturator foramen. A recent Cochrane review update 
suggested that native tissue repair was associated with more fail- 
ures than polypropylene mesh, but there were no differences in 
subjective outcomes, quality of life, reoperation rates, or rates of de 
novo dyspareunia/stress urinary incontinence between groups.!* 
However, due to the recent statements by the FDA and MHRA, 
raising concerns about the indiscrimanate use of prosthetic mesh 
repairs in vaginal surgery is uncertain. 


Paravaginal repair 

Paravaginal repair can be approached laparoscopically, abdomi- 
nally, or vaginally. The abdominal approach is usually a Pfannesteil 
or lower midline incision. The retroperitoneal space of Retzius is 
opened and lateral dissection of the bladder from the pelvic side 
wall is performed. A suture is passed through the anterolateral 
vagina to the obturator fascia at the arcus tendinous fascia pelvis. 
This restores the level II support. 


Complications 


Complications include bleeding (with increased risk if other pro- 
cedures are taking place concomitantly); infection (increased risk 
with biological and mesh material); bladder/ureteric/urethral 
injury (cystoscopy is advised if there are any concerns); dyspareu- 
nia; erosion (if mesh used); and lower urinary tract symptoms 
(de novo storage and voiding symptoms). 


Results and evidence base 


Anterior colporrhaphy has published success rates that vary consid- 
erably from 57% in randomized controlled trials to 100% in case 
series.!> What determines success is highly variable in the published 
literature. The success rates are likely to lie between these two fig- 
ures. Due to the significant recurrence rate with anterior colpor- 
rhaphy, there has been a trend towards the use of mesh. Indeed, 
the use of polyglactin mesh has been shown to reduce failure rate 
compared to anterior colporrhaphy alone.!4 However, significant 
mesh-associated complications have positioned their role mainly 
into recurrent anterior vaginal prolapse in the United Kindom, 


where currently mesh is being used in 11% of primary repairs and 
56% in recurrent prolapse.!> The fourth International Consultation 
on Incontinence has stated that despite level I evidence that the use 
of polypropylene mesh overlay results in better anatomical recon- 
struction than traditional repairs, it should be tempered with level 
II and III evidence of significant functional issues.* The FDA stated 
‘serious complications associated with surgical mesh for transvagi- 
nal repair of POP are not rare. This is a change from what the FDA 
previously reported on in 2008. Furthermore, it is not clear that 
transvaginal POP repair with mesh is more effective than traditional 
non-mesh repair in all patients with POP and it may expose patients 
to greater risk. Paravaginal surgery success rates quoted are from 
67% to 100%, but with a relatively higher complication rate than 
anterior colporrhaphy via the vaginal approach. A recently pub- 
lished Cochrane review (2016) on the use of mesh versus native tis- 
sue concluded that although there are lower recurrent prolapse rates 
after mesh surgery, these patients are more likely to require further 
surgery due to urinary incontinence problems or mesh exposure.!® 

The value of prophylactic continence procedures in continent 
patients with POP on the evidence currently available remains 
uncertain. This decision must be made with careful counselling of 
the patient. The Cochrane review on POP surgery stated that con- 
tinence surgery at the time of prolapse surgery in continent women 
did not significantly reduce the rate of postoperative SUI.!” A rand- 
omized controlled trial of the use of a mid-urethral tape at the time 
of anterior compartment repair demonstrated a reduction of incon- 
tinence at 12 months (27% vs. 43%), but at the cost of increased 
adverse events. 18 


Conclusion 


The surgical repair of anterior wall prolapse requires careful clin- 
ical assessment. Modifiable risk factors need to be addressed with 
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preoperative counselling, and the appropriate surgical technique 
used for the type of prolapse to be corrected. Mesh use in the vagina 
remains controversial, and in most of the United Kingdom (with 
the exception of Scotland where they have been completely with- 
drawn) it is more often used in the setting of recurrent POP fol- 
lowing careful discussion with patients about potential intra- and 
postoperative complications. Practice in this regard widely differs 
around the world. 


Posterior vaginal wall prolapse 


Anatomy and physiology 


The posterior vaginal wall is formed by a complex network of mus- 
cles, fascia, and nerve supply, interconnected to provide support to 
the pelvic viscera as well as the necessary control during defeca- 
tion. The rectovaginal septum (RVS), also known as Denonvillier’s 
fascia is the main anatomical structure inter-connecting these three 
levels of the posterior vaginal wall. It has been described as a dense 
layer of tissue present between the rectum and vagina, consisting 
of elastin fibres, collagen, and smooth muscle, consistent with its 
endopelvic fascia origin.!*° At the most apical aspect (level I) of 
the vaginal support, the RVS is attached to the cervical ring and 
endopelvic fascia through the cardinal and uterosacral ligaments. 
Laterally (level II) is attached to the fascia overlying the LAM (arcus 
tendineous fascia pelvis). Inferiorly (level III), the RVS is attached 
to the perineal body,”! a pyramidal structure allocated between the 
vagina and anus. Like the hub of a wheel, this serves as a conflu- 
ence point for the superficial perineal muscles, the bulbocaverno- 
sus muscle, the puborectalis part of the LAM, and the external anal 
sphincter (see Fig. 3.6.5). 

The LAM, as the main muscle structure embracing the three 
vaginal compartments, is formed by three portions: ileococcigeous, 
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Fig. 3.6.5 Rectovaginal septum and its attachments. 
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pubococcigeous, and puborectalis, and provides essential ana- 
tomical and functional stability to the posterior vaginal wall.?? 
Its innervation has been dually described between branches of the 
pudendal nerve and direct nerve supply from the S2-5 spinal roots, 
known as the levator ani nerve.*4 Contraction of its fibres has two 
direct actions on the posterior compartment: it provides the hori- 
zontal plane (levator plate) on which the pelvic viscera lie; and 
it contributes, in combination with the RVS, to form a flap valve 
mechanism which provides the upper level of continence of the 
external anal sphincter complex.”? During resting, the puborectalis 
muscle closes the genital hiatus creating a nearly 90 degree angle 
between the anal and rectal canals (anorectal angle),”° also contrib- 
uting to anal continence. This is summarized in Figure 3.6.6. 


Aetiology 


Injury to the above structures, whether it is the result of an acute 
episode (pregnancy, childbirth, or obstetric injury), or cumulative 
as a result of chronic increase of intra-abdominal pressure (chronic 
obstructive pulmonary disease, obesity, or chronic constipation) 
or the combination of both, may lead to anatomical prolapse 
and/or bowel dysfunction. Herniation of the rectum through the 
lower aspect of the posterior vaginal wall (usually resulting from 
the detachment of the RVS from the perineal body), or a perito- 
neal sac at a higher level containing sigmoid colon or small bowel 
(where the RVS is attached to the cervical ring) may originate a 
rectocoele or an enterocoele, respectively, or a combination of both 
(rectoenterocoele). 


Symptoms and presentation 


It is important at this stage for clinicians to differentiate between 
motility disorders and obstructive conditions, as the former will 
respond better to biofeedback and dietary changes. Patients can 
present with a history of widening of the genital hiatus, perineal 
laxity/descent, palpable vaginal bulge, and sexual dysfunction. 
Additionally, patients can describe defecation disorders such as 
chronic constipation, splinting of the posterior vaginal wall or 
digitations, stool trapping, and anal incontinence (estimated preva- 
lence of 7% in the adult population).”° It is generally accepted that 
severity of prolapse correlates with severity of bowel dysfunction. 
However, it is not uncommon to encounter patients with significant 
posterior vaginal prolapse in the absence of bowel dysfunction, and 
vice versa.?’ Traditionally, gynaecologists have focused the surgi- 
cal repair of the posterior vaginal wall on the reconstruction of the 
altered anatomy, whereas colorectal surgeons consider restoration 
of function the primary aim of a rectocoele repair. However, it is 
currently accepted that the optimal care of any pelvic floor disorder 
must take into consideration the heterogeneous nature of prolapse. 
Therefore, pelvic surgeons must not only account for supporting 
defects in different compartments, but also direct treatment to any 
associated symptoms. 


Evaluation 


In addition to what has been mentioned for anterior POP evalu- 
ation, a rectovaginal examination will allow the examiner to iden- 
tify defects and areas of weakness within the RVS, rule out or 
confirm the presence of an enterocoele, and assess the integrity of 
the perineal body together with any possible external anal sphincter 
defects. The integrity of the LAM sling should also be examined for 
tone of the muscle complex, duration of contraction (endurance), 


Fig. 3.6.6 Concept diagram showing mechanics of support and continence of 
the posterior compartment. 

(A) Closure of pelvic floor by puborectalis muscle (large arrow) that compresses posterior 
vaginal wall against anterior wall. Increases in abdominal pressure result in balanced pressure 
on anterior and posterior vaginal walls (arrows) so that no net force on support results. 
Caudally, however, there is no balancing pressure, and force results (dashed arrow), which must 
be resisted by the fibres of the perineal membrane (shaded area) of perineal body. 

(B) Absence of levator-mediated closure of pelvic floor. Increases in rectal pressure are 
unopposed and force on posterior vaginal wall results (arrow). 

(C) Level Il supports oppose force shown in (B) (dashed arrow) by their upward dorsal tension 
(arrows attached to posterior vaginal wall and endopelvic fascia). 

Reprinted from the American Journal of Obstetrics and Gynecology, Volume 180, Issue 4, 

John O.L. DeLancey, ‘Structural anatomy of the posterior pelvic compartment as it relates to 
rectocele, pp. 815-23, Copyright © 1999 Mosby, Inc, with permission from Elsevier, http:// 


wwwssciencedirect.com/science/journal/00029378 


anterior lift of the anorectal angle, and closure of the flap valve 
mechanism using the Oxford Grading Scale (see Table 3.6.3). 
Defecating proctography has traditionally been used mainly by 
the colorectal surgeons to grade rectocoeles anteriorly. It provides a 
two-dimensional quantification of rectal parameters and dynamic 
information regarding rectal emptying. It can also be used to inves- 
tigate rectal intussusception or pelvic dyssynergy. Traditionally, 


Table 3.6.3 Muscle strength grading scale (Oxford scale) 


0/5 No contraction 


1/5 Visible/palpable muscle contraction but no movement 


2/5 Movement with gravity eliminated 


3/5 Movement against gravity only 


4/5 Movement against gravity with some resistance 


5/5 Movement against gravity with full resistance 


Reproduced from Laycock, J & Holmes, D, The place of physiotherapy in the management 
of pelvic floor dysfunction, The Obstetrician & Gynaecologist, 2003, Vol 5 No 4, with 
permission from Wiley and Sons. 


surgical repair has been advocated when the radiographic rectocele 
exceeds 3 cm in depth, if there is significant barium trapping, or 
there is digital assistance to defecate.**?? However, several stud- 
ies have shown poor correlation between outcome of rectocoele 
repair, symptoms, and extent of barium trapping.*°7! Dynamic 
MRI defecography has more recently become an alternative to 
defecography, as it provides a broader anatomical evaluation of the 
different pelvic floor compartments and their interaction, it is less 
invasive, and avoids radiation exposure. However, when both tests 
have been compared, the use of dynamic MRI defecography did not 
change clinical decision-making, despite costing ten times more.*# 


Management 


Conservative treatment 

The conservative management of a posterior vaginal wall prolapse 
will be guided by the presence or absence of bowel dysfunction. 
Whereas conservative therapies play a very limited role in the man- 
agement of pure anatomical prolapse, this is not the case in bowel 
dysfunction. In the absence of bowel dysfunction, pelvic floor exer- 
cises, and the use of topical oestrogen in the presence of atrophic 
vaginal changes may provide some degree of symptom relief in 
cases of mild prolapse. The use of ring pessaries (both supportive 
and space occupying) is restricted to those with larger prolapse who 
are not suitable for surgery, or to evaluate symptom improvement 
prior to surgery. In the presence of bowel dysfunction associated 
with pelvic outlet symptoms, biofeedback is the first-line treatment 
option, although there is still controversy over the criteria and test- 
ing that should be used when selecting patients. However, some 
studies have suggested that the patient's compliance, motivation, 
and success with biofeedback is mostly dependent on the skill of 
the therapist.7334 


Techniques for surgical repair 


Several surgical techniques have been advocated to anatomically 
restore the posterior vaginal compartment. 


Posterior colporrhaphy 

Posterior colporrhaphy with or without plication of the LAM in the 
midline is the most commonly performed procedure. Following a 
vertical incision of the posterior vaginal wall, dissection of the RVS 
is first carried out laterally to the medial margins of the puborectalis 
muscle. At this point, the RVS is plicated in the midline using dis- 
solvable sutures. It was not until 1987 that this surgical technique 
was evaluated for bowel dysfunction,’ with anatomical cure results 
being reported in the range of 70-90%.*° However, for functional 
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Fig. 3.6.7 A surgical photograph showing a central defect in the rectovaginal 
septum (asterisk) and the margin of the septum all around (arrowheads). The 
inferior edge of the septum is grasped with Allis forceps. 

Reprinted from K. Singh, E. Cortes, and W. Reid, ‘Evaluation of the Fascial Technique for Surgical 
Repair of Isolated Posterior Vaginal Wall Prolapse, Obstetrics and Gynecology, Volume 101, Issue 


2, pp. 320-324, Copyright © 2003, with permission from Wolters Kluwer Health. 


improvement the results are less encouraging, with de novo dys- 
pareunia (17%) being an important postoperative complication.>” 

Site-specific repair of fascial defects has gained acceptance within 
the last decade. Although the initial technique is similar to classical 
colporrhaphy, the main aim of the surgery is to identify and repair 
any tears present in the RVS (Fig. 3.6.7). These are usually identified 
at the insertion of the RVS with the perineal body, cervical ring, or 
on their lateral attachments to the levator muscles. Plication of the 
levator muscle is avoided, as interposition of the levators between 
the vagina and rectum is perceived as non-anatomical, whereas 
perineorrhaphy is performed concomitantly in the presence of 
a deficient perineum. Anatomical success has been reported at 
80-90%, with improvement in bowel function and lower rates of 
de novo dyspareunia.*®? 

‘The Transanal rectocoele repair, mainly associated with obstructed 
defecation, was first described in the 1960s*° and is mostly per- 
formed by colorectal surgeons as many of their patients have add- 
itional anorectal pathology such as haemorrhoids. It is designed 
for low or distal anterior rectocoeles as described by defecography 
studies and should be avoided in the presence of an enterocoele. 
The surgical technique involves a U-shaped or T incision made 
transanally just above the dentate line. A mucosal flap is raised, 
dissected from the RVS, and excised. Plication of the RVS from 
the rectal side includes the anterior rectal musculature, with the 
mucosa and submucosa being closed in a separate layer. One of the 
main complications of this technique is de novo faecal incontin- 
ence, reported as high as 38%, although the aetiology behind it is 
not clear.*> More recently, treatment of obstructive defecation in 
the presence of rectoanal intussusception using stapled transanal 
rectal resection (STARR) has been advocated as an alternative to 
the traditional transrectal approaches.4! 
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Laparoscopic ventral rectopexy has gained acceptability for the 
treatment of obstructed defecation/intussusception with or with- 
out prolapse. It involves opening the rectovaginal space and dis- 
secting inferiorly to the perineal body. The RVS defects can be 
repaired and then resutured to the perineal body. A prosthetic 
mesh is then fixed to the deep ventral aspect of the rectum. The 
posterior vaginal fornix is also attached to the mesh, which is 
fixed beneath the sacral promontory with either sutures, screws, 
staples, or a tacking device. It facilitates addressing adjuvant prob- 
lems such as perineal descent, vault prolapse, and enterocoele at 
the same time, and the patient experiences a more rapid recovery. 
Complications described include faecal impaction (4%), wound 
infection (2%), bleeding (2%), leak (1%), and retention (1%).42 
Disadvantages of this procedure include the need for surgical 
expertise in minimal access surgery, an extended learning curve, 
and increased operating time. 


Conclusion 


Posterior vaginal wall prolapse is an evolving area for pelvic floor 
surgeons. Predicting those patients who may benefit from conserv- 
ative and/or surgical treatment remains a challenge for clinicians 
who require a detailed understanding of the anatomy of the poste- 
rior compartment, as well as the differential diagnosis of defecatory 
and sexual dysfunction. The literature available to date is mainly 
comprised of retrospective cases and usually with small numbers. 
Research is needed to assess the pre-and postoperative clinical 
changes from both anatomical and functional perspectives overall. 


Apical compartment prolapse 


This section will discuss uterine prolapse and post-hysterectomy 
vaginal vault prolapse, in addition to associated descent of the apical 
compartment of the vagina. It is less common for there to be an 
isolated apical defect in contrast to multicompartment defects. In 
recent times, there has been a move towards uterine preservation. 
However, there are several important factors which will influence 
the type of procedure performed for symptomatic apical prolapse, 
such as concomitant pathology, age, completion of family, sexual 
function, patient choice, and hysterectomy risk of early menopause, 
vaginal access, and previous surgery. Occasionally an obliterative 
procedure (colpocleisis) can be considered for those patients too 
fragile to tolerate surgery or with repeated prolapse surgery failure, 
who are not sexually active. 


Anatomy and aetiology 


The anatomy of the supporting structures of the vagina has already 
been discussed in detail in this chapter. Loss of integrity in level 
I support, as described by DeLancey, is instrumental in the devel- 
opment of apical compartment prolapse. In the case of vaginal vault 
prolapse, this is related to attenuation of the cardinal/uterosacral 
ligament complex following excision during hysterectomy, separ- 
ation of the pubocervical fascia from the rectovaginal fascia, and 
separation of these fascia from the cardinal/uterosacral ligament 
complex.’ The apex is the centrepiece of pelvic organ support and 
thus this must be assessed, regardless of the presence or absence 
of the uterus. In the absence of the normal support structures to 
the uterus or the vaginal cuff, the anterior and posterior compart- 
ments of the vagina are exposed to intra-abdominal forces that may 
lead to other compartmental prolapse.!? Anterior compartment 


prolapse is strongly associated with apical prolapse, and surgery for 
anterior defects usually requires concomitant repair of the apex. 

The anatomy of the sacrospinous ligament and its surrounding 
structures are required in order to safely perform sacrospinous 
fixation. The sacrospinous ligament runs from the ischial spine to 
the lower part of the sacrum/coccyx. Pudendal nerves and vessels 
lie medial and posterior to the ischial spine, while superiorly and 
behind the ligament are the inferior gluteal vessels and the hyogas- 
tric venous plexus. 

Similarly, one must take precaution when placing the mesh over 
the sacrum during sacrocolpopexy. The anatomy in this area must 
be understood to prevent potentially life-threatening haemorrhage. 
The left common iliac vein, which lies medial to the artery, as well 
as the presacral veins and the median sacral artery and vein are at 
risk during mesh fixation. Further knowledge of the pathway of the 
ureters—particularly the right ureter—is required. During surgery, 
this needs to be identified to avoid inadvertent injury. 


Symptoms and presentation 


Similar to all POP, apical compartment prolapse can present 
with symptoms related to pressure, pain, or an obvious bulge. 
Furthermore, depending on the extent of POP interference with the 
bowel, urine, and sexual function may occur. To help in its man- 
agement, one must determine the degree of bother or quality of life 
impact of the POP. This information can be obtained from a careful 
history or by using validated questionnaires such as the Pelvic Floor 
Distress Inventory (PFDI), POP Impact Questionnaire (POPIQ), or 
the International Consultation on Incontinence Vaginal Symptoms 
questionnaire (ICI-VS). 


Evaluation 


Apical or middle compartment prolapse (both uterine and vault 
prolpase) can represent the most challenging compartment pro- 
lapse to identify. For example, it is rare that the anterior vaginal 
compartment presents as a sole compartment prolapse because it 
is frequently attached to a degree of prolapse of the middle com- 
partment. Missing this at the time of examination leads to a partial 
repair of the problem, contributing to the high recurrence rates 
seen following a single anterior compartment prolapse repair. It 
can be helpful to look for the hysterectomy scar in cases of vault 
prolapse. Furthermore, with the aid of the examiner’s fingers 
placed at the apex during a Valsalva maneuvre, one can try and 
reproduce what was found during speculum examination. The apex 
is best visualized using a Cusco speculum and asking the patient 
to perform Valsalva while it is slowly removed from the vagina. As 
previously described with the anterior compartment, an entero- 
coele (protrusion of the small intestines and peritoneum into 
the vaginal canal) is not typically treated as a separate disorder, 
because most patients with enterocoele also have significant pro- 
lapse of other compartments. An isolated enterocoele repair rarely 
corrects all prolapse symptoms and usually additional support 
procedures are needed. 

It is important to assess for SUI and other lower urinary tract 
symptoms. In patients with symptomatic SUI, a concomitant conti- 
nence procedure can be performed. However, in cases where no SUI 
or even if occult SUI is demonstrated, some surgeons would pre- 
fer to perform prolapse surgery first and then later assess whether 
significant SUI has developed before considering a second-stage 
continence procedure. This is a controversial area and preoperative 


urodynamics will help in the decision-making process and help to 
counsel patients. 


Management 


Conservative treatment 

Conservative measures include weight reduction, PFE (Kegel’s 
exercises), and pessaries. The type of pessary used will depend on 
two main factors: the degree of apical prolapse, and the integrity of 
the pelvic outlet. In cases of mild prolapse, a ring pessary is suit- 
able. However, in those with more significant prolapse or a poorly 
supported introitus, a space-filling pessary is more suitable such as 
a Gelhorn or Cube.4 


Techniques for surgical repair 


The goals of reconstructive pelvic surgery are to restore anatomy, 
maintain or restore normal bowel and bladder function, and main- 
tain vaginal capacity for sexual intercourse, if desired. 


Vaginal hysterectomy 

This is performed for symptomatic and significant uterine prolapse. 
One of the advantages of the vaginal approach as opposed to the 
abdominal one is the possibility of performing the surgery under 
regional anaesthetic block. Indirectly this has made the operation 
more accessible to women regardless of age and associated medical 
co-morbidities. The technique itself involves a pericervical incision, 
access to the peritoneal cavity either through the Pouch of Douglas 
or through the uterovesical fold, and the division of the different 
supportive and vascular uterine pedicles in a down-upwards fash- 
ion. In order to prevent a future vaginal vault prolapse, the sur- 
geon usually performs a McCall culdoplasty at the same time (see 
below). Another advantage of the vaginal approach is the possibil- 
ity to repair any other concomitant vaginal prolapse identified at 
the time of surgery. 

The postoperative recovery from surgery is significantly shorter 
compared to other gynaecological surgeries, with 60% of women 
reporting normal activities within a week of their operation.*® 
Women also report an increase in their sexual activity (20%) and a 
reduction in overactive bladder symptoms (50%). Severe intraop- 
erative and postoperative complications are rare (3%) and mainly 
in the form of intra-abdominal bleed or vaginal vault haematoma. 
However, it is not uncommon to develop urinary stress inconti- 
nence following vaginal hysterectomy, and surgeons are advised to 
rule out occult SUI in the presence of urinary symptoms prior to 
surgery. 


McCall’s modified culdoplasty 

This technique involves running sutures from one uterosacral liga- 
ment, through the posterior peritoneum, and then to the contra- 
lateral uterosacral ligament. A further absorbable suture is run in a 
similar fashion, but through the posterior vaginal wall. When the 
sutures are tied, it results in a high closure of the peritoneal cul- 
de-sac and the associated enterocoele with an attachment of the 
vaginal apex to the distal endopelvic fascia, which provides apical 
support and an increase in vaginal length.^ The procedure helps 
to prevent future vault prolapse and was the procedure of choice 
in one study comparing three different techniques after hysterec- 
tomy.‘” The ureters tend to be placed 1-2 cm lateral to the utero- 
sacral ligaments at the level of the cervix, and so caution must be 
taken not to take or kink the ureter with the sutures. 
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Sacrospinous fixation 

This is the commonest apical suspension procedure performed 
through the vagina and is typically performed for vault prolapse 
post-hysterectomy and vaginal enterocoele. However, it can be 
performed with vaginal hysterectomy, or as a unilateral or bilat- 
eral hysteropexy. The procedure involves the placement of two 
to four sutures through (as opposed to around) the sacrospinous 
ligament and 3 cm medial to the ischial spine to avoid vessel or 
nerve injury. The placement of sutures can be helped with the use 
of a suture deploying device. The type of suture is debatable, but 
can be slowly absorbing or non-absorbable. The procedure is often 
accompanied by anterior or posterior compartment repairs and 
reduction of enterocoele. The dissection is typically through a pos- 
terior approach, but can be anterior. The procedure is depicted in 
Figure 3.6.8. 

Anterior recurrence is more common than apical recur- 
rence and success rates in relatively modern series are 69-87%.!3 
Complications include buttock pain, rectal injury, and sacral/ 
pudendal neurovascular injury. A variation of this approach is the 
sacrospinous hysteropexy where following the same approach, the 
uterus is preserved. Complication rates are similar to the sacros- 
pinous ligament fixation; however, the overall failure rates appear 
to be higher. 


Abdominal/laparoscopic sacrocolpopexy 

This procedure is used for both vault and uterine prolapse and 
involves the use of mesh between the vaginal apex and the sacral 
promontory to correct the underlying prolapse (see Fig. 3.6.9). 
Traditionally it was performed open, but can now be performed 
using minimally invasive techniques such as laparoscopy or be 
robotically assisted. Typically, the mesh utilized is polypropylene 
but biological material has also been used. In addition to the apical 
prolapse being fixed, the mesh arms can be extended to treat the 
prolapse of other compartments. In cases of significant rectocoele 
and defecatory dysfunction, placement of the mesh posteriorly 
with dissection of the RVS down to the perineum is warranted, as 
for ventral mesh rectopexy. 

Outcomes of surgery depend on how success is measured but 
varies between 64-100%.!3 The use of minimally invasive tech- 
niques has several advantages including less bleeding, pain, hos- 
pital stay, and quicker time to recovery, and can lead to equivalent 
outcomes.*® The use of robotic assistance has the potential for 
easier transition from open surgery to minimal invasion compared 
with laparoscopy. There are, of course, significant costs associated 
with robotic-assisted laparoscopy, and in the absence of rand- 
omized controlled trials in this area the benefits and pitfalls need to 
be carefully weighed up. 

In a recent update of a Cochrane review, when compared with 
sacrospinous fixation for the treatment of apical prolapse, open or 
laparoscopic sacrocolpopexy had less recurrent prolapse and dys- 
pareunia but had longer operating times and was more costly.!? 
The CARE trial at two-year follow-up, where patients were rand- 
omized to Burch colposuspension in addition to sacrocolpopexy, 
has suggested the apex was well supported in 95% and those with 
the additional stress incontinence procedure were less likely to have 
a positive cough test or an additional SUI procedure.4? However, a 
recent meta-analysis assessing the impact of continence surgery at 
the time of prolapse surgery revealed that concurrent continence 
surgery did not significantly reduce the rate of postoperative SUI. 
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(A) 


Fig. 3.6.8 (A), (B), and (C) Sacrospinous ligament fixation using a suture deploying device. 
Reprinted from Walters MD and Ridgeway BM, Surgical treatment of vaginal apex prolapse, Obstetrics and Gynecology, Volume 121, Issue 2, Part 1, pp. 354-74, Copyright © 2013 with permission 


from Wolters Kluwer Health. 


Complications include haemorrhage, particularly over the 
sacrum where troublesome bleeding can be encountered either 
from inadvertent damage to the left common iliac vein or more 
likely from the presacral venous plexus. Bowel, ureteric, rectal and 
bladder injury, bowel obstruction, mesh erosion, and infection are 
other risks. Discitis and osteomyelitis involving the sacrum have 
been reported but are much rarer. 


Abdominal/laparoscopic sacrohysteropexy 

Over the past decade there has been a move towards preservation 
of the uterus at the time of prolapse repair.*° This is partly due to 
the patient’s choice (specially in the younger patients) but is also 
supported by the evidence that the uterus itself plays no role in 
the aetiology of prolapse. The technique and evaluation of this 
new approach has gradually been incorporated by most units in 
the United Kingdom and ongoing RCTs (such as the Vue trial>!) 
are currently looking at the long-term outcomes, as well as intra- 
and postoperative complications compared to other apical prolapse 
repair tecniques. Nonetheless, based on the evidence to date, sacro- 
hysteropexy is a safe operation with similar outcomes and risks as 
seen with the more conventional sacrocolpopexy. Limiting factors 
include the availability of surgical expertise and pregnancy. Patients 
still of reproductive age are usually recommended to avoid preg- 
nancy following the surgery. However, there have been cases of suc- 
cessful pregnancies delivered by caesarean section. 


At the level of the sacrum, the surgical technique is identical to 
the traditional sacrocolpopexy with the exposure of the anterior 
ligament of the sacral promontory and retroperitoneal dissection. 
The novel aspect of this surgery involves the dissection of the uter- 
ovesical fold with bilateral piercing of the broad ligament at the level 
of the uterocervical junction. Once this is performed, a bifurcated 
(Y shaped) polypropelene flat mesh is inserted bilaterally through 
the broad ligament posteriorly and secured anteriorly to the uterine 
cervix using permanent sutures. The uterus is then lifted and tacked 
to the sacral promontory using titanium staples. Aditional anterior 
and/or posterior repair may be needed vaginally at the end of the 
abdominal procedure. Apart from the risk of bladder injury (par- 
ticularly in women with a previous caesarean section) and broad 
ligament vessel injury, other intraoperative risks are similar to 
those described for the colposacropexy. 


Obliterative procedures 

These are procedures are generally reserved for the frail elderly, 
in whom a less invasive procedure is more appropriate and vagi- 
nal intercourse is not planned in the future. Partial colpocleisis 
(for vaginal vault prolapse) or LeFort colpocleisis (for uterine pro- 
lapse) involve excision of rectangles of vaginal epithelium from the 
prolapsed vagina. The vagina is inverted incrementally by purse 
string sutures and closed with sutured skin edges. The procedure 
is less commonly performed nowadays, but in a well-selected and 
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Fig. 3.6.9 Lateral view of sacrocolpopexy at the end. Graft material length is tailored to the individual (ie. if the patient has a significant rectocoele with defecatory 
dysfunction, the mesh placement posteriorly may extend to the perineum). In cases with significant uterine prolapse, fenestrations are made in the broad ligament and 


mesh limbs are placed through them to the sacral promontory. 


Reprinted from Walters MD and Ridgeway BM, Surgical treatment of vaginal apex prolapse, Obstetrics and Gynecology, Volume 121, Issue 2, Part 1, pp. 354-74, Copyright © 2013 with permission 


from Wolters Kluwer Health. 


appropriately counselled patient may offer effective treatment. In 
one study of 152 patients with mean age 79 (+/-6) years, 82% and 
73% had POP stage < or = 1 at 3 and 12 months, respectively. All 
pelvic symptom scores and related bother significantly improved at 
3 and 12 months, and 95% said they were either ‘very satisfied’ or 
‘satisfied’ with the outcome of their surgery.°* 


Conclusion 


Support of the vaginal apex is critical in the prevention of uterine and 
vault prolapse, but also plays a significant role in the development 
of other compartment prolapse. Surgeons involved in POP surgery 
should not underestimate the need for diagnosing apical defects and 
the need for concomitant apical support. Obliteration of dead space 
and uterosacral ligament suspension after hysterectomy cannot be 
overemphasized in the prevention of vault prolapse. Several tech- 
niques exist for apical suspension and in our opinion transvaginal 
procedures are best reserved for the more elderly patients, those with 
significant co-morbidity as such that an abdominal approach may 
put the patient at increased risk, and for those with primary POP. 
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CHAPTER 3.7 


Urgency incontinence 
and overactive bladder 
Christopher R. Chapple and Altaf Mangera 


Definitions 


The standardization of lower urinary tract symptoms and dysfunc- 
tion (LUTD) terminology has been undertaken by the International 
Continence Society (ICS).! The committee has described urinary 
incontinence as the complaint of involuntary leakage of urine. When 
the leaking is accompanied or preceded by urgency, it is labelled as 
urgency urinary incontinence. Urgency itself is a sensory symptom 
and is the defining symptom of overactive bladder symptom syn- 
drome (OAB). It is described as a ‘sudden and compelling desire to 
void which is difficult to defer. This definition does not discrimin- 
ate between a discrete or continuous phenomenon and therefore 
may be problematic to interpret. Urgency must be differentiated 
from urge, which is the normal desire to void when the bladder 
is reaching fullness. Attempts have been made to grade urgency 
which has relied on the time from the onset of urgency to actual 
leak, or the patient’s actual subjective assessment of urgency sever- 
ity. These have, however, not been adopted by the ICS. Moreover, 
a compelling desire to void is arguably felt by normal individuals 
if the bladder is sufficiently full and therefore the circumstances 
of the urgency are also important and should be in a state where 
urgency would not be expected (i.e. no explanatory cause). 

Overactive bladder symptom syndrome (OAB) is a symptom- 
based syndrome defined as ‘urinary urgency with or without 
urgency incontinence, usually accompanied by urinary frequency 
and nocturia in the absence of an explanatory cause’ If urgency 
incontinence is present, then the term OAB-wet may be used 
whereas there is no urgency incontinence with OAB-dry. Detrusor 
overactivity is a urodynamic observation of an involuntary charac- 
teristic waveform during filling cystometry. 

Nocturia is defined as the number of voids during sleep (i.e. each 
void must be preceded and followed by sleep). The nocturnal urine 
volume is described as the volume of urine produced during sleep- 
ing hours, which excludes the last void before bed and includes the 
first void on waking. The proportion of nocturnal volume over the 
24-hour urinary volume is used to calculate nocturnal polyuria. 
Nocturnal polyuria is defined generally, as more than one-third of 
urine production occurring during nocturnal hours. 


Anatomy/physiology of lower urinary tract 
storage and dysfunction 


The bladder is a hollow muscular organ with two principle func- 
tions: to store urine at low pressure, and to generate sufficient 


pressure to allow expulsion of urine at a convenient time and 
place. The bladder is highly distensible and its most sensitive 
portion, the trigone, is demarcated between the urethra and two 
ureteric orifices. This is histologically and embryologically differ- 
ent to the rest of the bladder and contains a rich plexus of neuronal 
tissue. The remainder of the bladder is composed of three distinct 
layers: the serosa, the outer adventitial connective tissue layer; the 
detrusor, a smooth muscle layer comprising a randomly arranged 
syncytium of interlacing muscle bundles; and the urothelium, an 
impervious inner layer lined by transitional cell epithelium. The 
urothelium is supported by the suburothelium, which has a high 
metabolic rate, is richly innervated, and is involved in sensing 
bladder fullness. 

Neuronal control of the lower urinary tract involves coordin- 
ation of the central and peripheral nervous systems. The somatic 
nerves arise from the nucleus of Onufrowicz (Onufs nucleus) from 
the S2-S4 level (spinal micturition centre) and allow control of the 
external urinary sphincter. The detrusor muscle is under autonomic 
control from the postganglionic T10-L2 (sympathetic) nerves 
and preganglionic $2-S4 (parasympathetic) nerves (Fig. 3.7.1). 
Sympathetic stimulation leads to relaxation of the detrusor mus- 
cle and contraction of the bladder neck sphincter. Once a sensory 
threshold of bladder fullness is reached, the afferent nerves carry 
impulses to the spinal micturition centre which then activates the 
efferent arm, leading to detrusor contraction and sphincter relax- 
ation. The pontine micturition centre (PMC) and suprapontine 
areas of the brain, however, are responsible for coordinating mic- 
turition. The PMC communicates with the periaqueductal grey 
area in the midbrain, which in turn modulates activity in the spinal 
micturition centre. This importantly delays micturition by inhibit- 
ing premature detrusor contractions (sympathetic) until it is con- 
venient to void. 

While the pathophysiology of detrusor overactivity remains 
poorly understood, several theories have been proposed as possible 
underlying mechanisms to explain the genesis of patients’ symp- 
toms in the context of associated OAB. Brading originally proposed 
it was due to increased myogenic excitability in the detrusor myo- 
cytes, caused by localized detrusor contraction spreading across 
the whole bladder.” Alternatively, a neurogenic aetiology has been 
put forward.* Suprapontine nerves involved in the limbic system 
(associated with emotion) have been shown to have an inhibitory 
impact on the PMC. Therefore, interruption to these higher centres 
may allow the return of primitive reflexes, such as detrusor con- 
tractions. Alternatively, damage to spinal axons has been suggested 
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Fig. 3.7.1 Innervation of the lower urinary tract. 
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to lead to a greater role for unmyelinated C fibres in the reflex arc, 
which may increase detrusor excitability. These mechanisms have 
all attempted to address the motor component of OAB. However, 
the cardinal symptom (of urgency) is sensory in nature. Therefore, 
much research in recent years has concentrated on the afferent sys- 
tem. The urothelium was once considered an inert barrier but it is 
now thought to have an important role in sensation, transduction, 
and modulation of mechanical and chemical stimuli. Evidence has 
shown that the urothelial cells have purinergic receptors, muscar- 
inic receptors, TRPV1 receptors and additionally, signalling mol- 
ecules such as ATP, NO, and acetylcholine, which are secreted by 
the urothelium in response to mechanical (stretch) and chemical 
stimuli.* 


Multiple population-based studies have demonstrated the high 
prevalence of OAB. The European Prospective Investigation into 
Cancer and Nutrition (EPIC) study surveyed 19,165 adults in four 
European countries and Canada and found an overall prevalence 
of OAB in 10.8% in males and 12.2% in females, rising to 13.1% 
and 14.6% in those over 40.° Incontinence was present in 44.5% 
of females and in 28.0% of males, with over half of patients expe- 
riencing trouble from their symptoms. A longitudinal study of 
4,072 men has shown that the prevalence increased from 15.6% 
to 44.4% over 11 years. A systematic review of seven longitu- 
dinal studies showed OAB symptom severity was sustained or 
progressed over time in the majority of individuals, showing that 
OAB may be a progressive condition.” Besides age and female 
gender, the other risk factors which have been proposed for OAB 
include obesity, low physical activity, pelvic organ prolapse, and 
smoking. 


It is essential that a complete urological and medical history are 
taken from patients with suspected OAB. As described above the 
cardinal symptom is urgency, which is a sudden uncontrollable 
desire leading to a fear of leaking. Patients will usually describe 
how long they have to ‘make it’ and may also plan their daily 
activities around being in close proximity to toilet facilities. 
Thereafter dietary habits, particularly caffeine intake, should be 
recorded. A voiding diary to establish baseline daily and noctur- 
nal frequency should also be documented over at least a three-day 
period. In certain patients, particularly the elderly male, storage 
symptoms (OAB) may be present in conjunction with bladder 
outflow obstruction and therefore accompanied by symptoms 
such as hesitancy, poor flow, straining, and incomplete bladder 
emptying. 

Thereafter, other obvious pathological causes must be excluded. 
This involves the use of urinalysis to exclude infection and non- 
visible haematuria. The latter should prompt further investigation 
to exclude malignancy. Finally, it is also important to recognize the 
impact the symptoms are having on a patient’s quality of life. For 
this purpose, questionnaire’s such as the OAB-q or ICIQ-OAB may 
be utilized and can be found at www.ICIQ.net/. 


Examination should be focused towards excluding underlying 
pathology. The abdomen, external genitalia, and prostate should be 
examined, as well as the neurological system. A palpable bladder is 
indicative of chronic retention and incomplete emptying. A neuro- 
logical examination may be helpful in explaining patient symptoms 
and may point towards a neurogenic bladder. 
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Investigation 


As described in ‘Symptoms, investigation for OAB symptoms 
should commence with urinalysis to exclude a urinary tract infec- 
tion and haematuria. A flow rate and post-void residual estimation 
should be performed in those who describe a poor flow or difficulty 
with voiding, and is almost routine in all elderly males. 

As noted above, a frequency volume chart or bladder diary may 
be used to quantify the frequency of incontinence episodes and also 
to obtain an individual’s pattern of voiding. The different types and 
formats of a voiding diary are described in Chapter 3.4. Table 3.7.1 
lists the parameters which may be obtained from a voiding diary, 
how to calculate them, and their normal values. The daily voided 
volume may indicate 24-hour polyuria which is defined as the pas- 
sage of more than 2.8 L urine per 24 hours. This may explain fre- 
quency in a small cohort of patients who drink excessively or have 
an underlying endocrine disorder. 

The excessive production of urine during sleep hours is termed 
nocturnal polyuria. Generally, over the age of 50 less than one-third 
of urine production should occur during the sleep hours. It must 
be noted that when calculating nocturnal urine production, the last 
void before sleep is excluded but all voids during sleep and the first 
void on waking are included. This gives the only accurate estima- 
tion of nocturnal urine production. 

In patients who are resistant to behavioural and pharmacological 
management, cystometry may be undertaken. The procedure is 
described in detail in Chapter 3.2, therefore only the parameters 
which should be documented when undertaking this procedure 
to evaluate potential bladder filling dysfunction in patients with 
OAB will be discussed in this section. During the filling phase of 
cystometry, a number of filling sensations should be sought from 
the patient; these include the first sensation of filling, first desire 
to void, normal desire to void, and desperate desire to void. These 
occur in all normal individuals; however, they may occur with 
lesser volumes in patients with OAB. Modern urodynamic com- 
puter systems allow these sensations to be marked on the program 
while performing the study, but it is essential when interpreting 
such data that artefacts are excluded by the investigator with review 


of the electronic trace. The normal compelling desire to void occurs 
under normal circumstances but can be controlled in the presence 
of a full bladder, and therefore is different from urgency. Urgency is 
a compelling desire to void that is difficult to defer, which particu- 
larly in women if not acted upon will lead to urgency incontinence. 
This also represents the maximum cystometric capacity which var- 
ies between normal individuals, but is approximately 400-500 mL. 

As the bladder fills, there should be no appreciable increase in 
the detrusor pressure in a conscious cooperative individual who 
is trying to inhibit voiding. Any increase of more than 10 cmH,O 
over 400 mL of filling represents poor detrusor compliance and 
is seen as an upward slope (Fig. 3.7.2). The presence of urgency 
and the volume of filling at which this occurs during filling should 
also be documented. Involuntary detrusor overactive contractions 
(Fig. 3.7.3) may be noticed at the same time as the urgency. In addi- 
tion, the patient may have urgency incontinence at this time. While 
filling the bladder, provocation manoeuvres such as running a tap 
or asking the patient to bounce up and down on their toes may 
be used to provoke detrusor overactivity. Detrusor overactivity is 
demonstrated in approximately 69% of men and 44% of men with 
OAB-dry and 90% of men and 58% of women with OAB-wet.® 

Finally, the voiding phase with synchronous pressure flow meas- 
urements is important to assess in these groups of patients. Firstly, 
because OAB symptoms may be associated with incomplete blad- 
der emptying but also some of the treatments used to treat OAB 
may have an impact on flow rate and bladder emptying. The urody- 
namic features to assess the void phase are discussed in more detail 
in Chapter 3.2. 


Management 


The first-line management for OAB should include lifestyle changes, 
such as attention to fluid intake and toileting habits. Patients should 
be encouraged to reduce excessive fluid and caffeine intake, and to 
spread fluid intake out over the day rather than concentrate it in the 
evening. Clinicians need to be aware that significant fluid intake 
can occur in patients consuming large amounts of fruit and vege- 
table matter. In conjunction with this, patients are asked to void by 


Table 3.7.1 Table of frequency volume chart parameters, their calculation, and normal definitions 


Diary parameter Calculation 


Definition of normal 


Daily frequency 


Frequency per 24 hrs 2-10 


Nocturnal frequency 


Frequency while asleep (does not include last void before 
sleep nor first void on waking) 


<1-2 (age dependant) 


24-hour voided volume 


Volume of urine produced in 24 hrs 


<2.8 L/24 hrs or 


<36 mL/kg/24 hrs 

Nocturnal volume Volume of urine produced during sleep (does not include <900 mL 

ast void before sleep but DOES include first void in day) 
% nocturnal volume/24-hour volume 24-hour volume/nocturnal volume x 100 <33% 
Functional bladder capacity Largest voided volume recorded 300-600 mL 
Urgency episodes per day Urgency episodes in 24 hrs 0 
ncontinence episodes related to urgency per day ncontinence episodes in 24 hrs that occurred at the same 0 

time as urgency 
ncontinence episodes NOT related to urgency per day ncontinence episodes in 24 hrs NOT related to urgency 0 
Longest duration between voids (not an average) Longest time between voids >3 hrs 
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Fig. 3.7.2 Simplified cystometrogram demonstrating poor compliance. 


the clock and to try and ‘hold on’ for longer time periods. In these 
situations, a bladder diary is very helpful, to facilitate this ‘bladder 
training: 


Pharmacological treatment 


Anticholinergics, more specifically antimuscarinics, form the main- 
stay of therapy after conservative measures fail. They act on the para- 
sympathetic (efferent) system principally through the post junctional 
M, receptor.’ Although the M,, M,, and M, receptors are known to 
exist in the bladder, their roles have not been fully defined. Moreover, 
muscarinic receptors such as the M, predominate in the central ner- 
vous system, M, and M, are present in the salivary glands, M, and 
M; in the gastrointestinal smooth muscle, M, and M, in the eyes, and 
M, in the heart.!° Therefore, side effects of these drugs can include 
cognitive impairment, dry mouth, constipation, dry eyes, and prur- 
itus, depending upon the receptor selectivity of the formulation 
utilized. Contraindications to the use of these drugs include closed 
angle glaucoma and urinary retention. It was previously feared that 
the use of antimuscarinics in men with concomitant bladder outflow 
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Fig. 3.7.3 Simplified cystometrogram demonstrating detrusor overactivity and 
urgency incontinence. 


obstruction could precipitate urinary retention. However, there is no 
evidence to this effect and it is considered safe to commence anti- 
muscarinics in men with a post-void residual less than 200 mL. In 
this group of patients, combination of an alpha antagonist with an 
antimuscarinic may be the treatment of choice. 

Two large meta-analyses have reviewed antimuscarinic use in 
OAB.!112 In total, seven different formulations were included. 
These drugs have been shown to significantly reduce frequency and 
incontinence episodes and also increase mean voided volume, first 
desire to void, and maximum cystometric capacity in patients with 
OAB. Quality of life improvements have also been reported. Besides 
immediate release oxybutynin, which has been shown to be inferior 
to the newer antimuscarinic preparations, there is little to choose 
between the available preparations as they have not been assessed in 
head-to-head studies. Nevertheless, different subreceptor affinities 
means that if one preparation fails, another may be successful. All 
preparations come in a once-daily formulation and also have vari- 
able doses which suit many patients. Of interest to some patients may 
be the use of antimuscarinic patches or transdermal gels. Although 
clinical trials, which mostly last 12 weeks, have shown good efficacy 
and tolerability, long-term marketing data has shown that long-term 
discontinuation rates are high with antimuscarinic agents. 

The urothelium and detrusor muscle also contain B-1, 2, and 3 
adrenoreceptors, which when stimulated lead to increases in cyc- 
lic AMP levels leading to detrusor relaxation. In humans, detrusor 
relaxation is mediated by the B, subtype. Mirabegron is a specific 
B, agonist which may provide an alternative to antimuscarinics. 
Three recent phase III trials have provided evidence for its safety 
and efficacy. Fifty milligrams has emerged as the most efficacious 
dose. Significant improvements have been shown over placebo for 
urgency, frequency, and micturition episodes per day. 

In a study assessing safety in two groups of 444 patients divided 
into mirabegron 50 or 100 mg and tolterodine ER 4 mg. The num- 
ber of adverse events was similar between the groups. The most 
common adverse events reported for mirabegron were hyperten- 
sion, urinary tract infection, nasopharyngitis, and constipation. In 
terms of dry mouth, the incidence was 8.6% for tolterodine, and 
2.8% and 2.3% for mirabegron 50 and 100 mg, respectively. 


Botulinum toxin 


When pharmacotherapy fails, botulinum toxin (BTX) may be 
injected into the bladder. BTX is produced by the bacterium clostrid- 
ium botulinum, which is known to decrease Acetyl-choline (Ach) 
from pre-synaptic nerve terminals, thereby blocking transmission 
of nerve impulses wherever Ach is the neurotransmitter. It was 
first described in urology to treat detrusor sphincter dyssynergia. 
Thereafter it was used to treat detrusor overactivity in neurogenic 
patients followed by OAB patients. More recently, it has also been 
investigated in painful bladder syndrome and interstitial cystitis. ° 
It was proposed that BTX worked through the efferent neural 
pathway by reducing involuntary detrusor smooth muscle con- 
traction, which is characteristic of detrusor overactivity. This is 
achieved by disruption of the SNARE (Soluble N ethylmaleimide- 
sensitive factor attachment protein receptor) complex leading to a 
highly specific neuromuscular blockade of vesicular Ach release 
at somatic and autonomic pre-synaptic nerve terminals. However, 
evidence is gathering for a more complex picture because urgency 
with OAB and pain in painful bladder syndrome are sensory symp- 
toms. Therefore, other neurotransmitters such as ATP, calcitonin 
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gene related peptide, and substance P, as well as nerve growth fac- 
tors may be involved. 

There are seven serotypes of BTX (from A-G), with BTX-A 
being the most commonly used. Even with BTX-A there are dif- 
ferent preparations. Due to different isolation, extraction, purifica- 
tion, and formulation processes the dosing, efficacy, and safety are 
entirely different and therefore these preparations have been given 
new names by the Food and Drug Administration (FDA). Botox® 
is now ‘onabotulinumtoxinA, Dysport is ‘abobotulinumtoxinA, and 
Xeomin ‘incobotulinumtoxinA. 

OnabotulinumtoxinA is the only preparation, at the time of 
writing, which has a licence for use. Many randomized trials have 
assessed it in an OAB population. Improvements have been shown 
in urgency by 53%, frequency by 35%, and incontinence episodes 
by 68% per day. In addition to this, the maximum cystometric cap- 
acity has been shown to increase by 58% and mean detrusor pres- 
sure to decrease by 39%. In patients who were incontinent, total 
continence resumes in 57%. Improvements have also been shown 
in quality of life. The median duration of effect is nine months. 

The early studies all utilized 200 iu (international units) onabot- 
ulinumtoxinA. However, a dose ranging study has shown 100 iu 
was sufficient to have a significant impact on symptoms, bladder 
diary parameters, and quality of life (QoL).!4 Doses greater than 
150 iu did not significantly add to the improvements in symptoms. 
The authors also found a dose related risk of increased post-void 
residual (PVR), with 100 iu leading to a PVR >200 mL in 14.5% 
of patients and 200 iu leading to a risk of 28.8%. Therefore, a more 
balanced dose of onabotulinumtoxinA to commence patients on 
may be 100 iu. In patients who develop voiding difficulty and raised 
post-void residue, intermittent self-catheterization may need to be 
instigated. This increases the risk of urinary tract infection which 
ranges 13-40%. 

Other adverse events which are reported include dry mouth, 
muscular weakness, impaired vision, and dysphagia. These are all 
rare however, and are increased when using higher doses of the 
toxin. Contraindications to the use of BTX include allergy, infec- 
tion of proposed injection site, pregnancy, breastfeeding, and 
myasthenia gravis. Drug interactions include aminoglycosides, 
penicillamine, quinine, calcium channel antagonists, and muscle 
relaxants. 

The use of flexible cystoscopy has made the delivery of BTX in to 
the bladder an outpatient procedure. Most commonly, 1 mL con- 
taining 10 u is administered per injection site. The number of injec- 
tion sites and volume per injection needs further investigation. The 
depth of the injection (i.e. the detrusor or suburothelium) has not 
been shown to make a significant difference. It was also feared that 
injection into the trigone may precipitate ureteric reflux, but in two 
different studies this has not been shown to be the case, and in fact 
the trigone injection group showed greater improvements. The rich 
neural supply of the trigone probably makes it a key site for injection. 


Sacral Neuromodulation 


Neuromodulation is another technique which may be used in 
patients with severe OAB, especially if incontinence is present. 
There are many techniques which include transcutaneous, percu- 
taneous, and sacral approaches. The latter was developed in the 
1980s by Tanagho and Schmidt.!5 The proposed mechanism of 
action is not well understood, but is thought to involve modulation 
of spinal cord reflexes and higher centres rather than direct stimu- 
lation of the efferent (motor) nerves to the detrusor muscle. For this 


reason, the term ‘sacral neuromodulatior’ is preferred over ‘sacral 
nerve stimulation. 

Commonly, the minimally invasive two-stage technique is uti- 
lized to insert the neuromodulator.!° Firstly, a tined lead is inserted 
percutaneously into the sacral foramen. The foramen with the best 
sensory motor response from S2, 3, and 4 is selected for tined lead 
implantation (most commonly S3). The lead is then tunnelled to a 
small gluteal incision contralaterally. After a period of healing, an 
external stimulator is used to test the response to the neuromodu- 
lation. If the test is successful, then a neuromodulator is implanted 
into the gluteal pocket identified by the previous gluteal incision 
(Fig. 3.7.4). An improvement in >50% in bladder diary variables 
is considered successful. If the test is negative, the tined lead is 
removed. The use of bilateral sacral neuromodulation is also under 
investigation and some surgeons place bilateral tined leads at the 
primary procedure; thereafter, a two-channel modulator is con- 
nected to both leads. 

Cautions one should apply in a patient with a neuromodulator 
include the use of high frequency monopolar diathermy, extracor- 
poreal shock wave lithotripsy, and radiotherapy over the device. 
Sacral neuromodulation needs to be discontinued in pregnancy 
and should be turned off if an MRI scan is required. Surgeons 
should also be aware that the device may be placed in the loin or 
abdominal wall. Problems include infection, battery failure, lead 
migration, and loss of efficacy—this can usually be resolved with 
reprogramming the stimulation parameters, or by insertion of a 
contralateral lead. 

Multicentre trails have shown statistically significant improve- 
ments in frequency episodes, urgency episodes, voided volumes, 
and quality of life parameters over placebo.!” Switching off the stim- 
ulators led to the return of symptoms in patients who subsequently 
regained efficacy after reactivation of the devices. Five-year success 
rates are reported in 56-68% of patients.!® More recent studies 
have looked at non-continuous neuromodulation (i.e. switching 
on the device when symptoms are present and off when they have 
subsided). The intended benefits are that patients are given more 
autonomy over their condition, a longer battery life, and reduced 
adaptation of the nervous system to stimulation. 


Percutaneous tibial nerve stimulation 


Percutaneous tibial nerve stimulation (PTNS) delivers neuro- 
modulation to the pelvic floor through the S2-4 junction of the 
sacral nerve plexus via the posterior tibial nerve. This less invasive 
procedure uses a fine needle electrode inserted above the ankle. 
A feedback loop is created projecting to the sacral nerve plexus. The 
treatments are given weekly for 30 minutes. Thereafter individual 
regimens may be used to suit patient efficacy. A randomized study 
comparing PTNS to tolterodine reported subjective cure from OAB 
symptoms in 79.5% and 58.4%, respectively.!? Improvements in 
bladder diary parameters were significant over baseline but not sig- 
nificantly different between tolterodine and PTNS. Adverse events 
reported for PTNS include generalized swelling, worsening of 
symptoms, headache, leg cramps, and foot pain. Other studies have 
shown increases in maximum cystometric capacity and volume at 
which first detrusor overactive contraction occurs.?? 

More recently, a transcutaneous patch has been investigated. This 
patch transmits a transdermal amplitude modulated signal when 
placed on the skin over the sacrum. After one week of treatment, 
50% of patients reported at least 50% reduction in urgency incon- 
tinence episodes. The results thereafter were quite mixed, with some 
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Fig. 3.7.4 Image showing the attachment of the sacral neuromodulator 

and implantation into the gluteal space: (A) connection tined lead to 

external stimulator for test phase; (B) single lead connected to single channel 
neuromodulator; (C) bilateral leads connected to dual channel neuromodulator. 
Reproduced from Jens Wöllner et al, ‘Sacral neuromodulation’ BJU International, Volume 110, 
Issue 1, pp. 146-159, Copyright © BJU International 2012, with permission from John Wiley and 
Sons. 


patients doing very well and other less so. This form of therapy 
clearly requires more investigation. 

Cystodistension is occasionally used in patients with OAB. There 
is little evidence for its use in this group of patients and the tech- 
nique has not yet been standardized.! It is postulated to be more 
beneficial for smaller capacity bladders. Surgery for refractory 
incontinence has also been described in severe cases. If the resting 
detrusor pressure is high or the bladder capacity is severely reduced, 
then cystoplasty may be utilized to increase capacity. However, this 
is more routine for a neuropathic bladder. Rarely, a urinary diver- 
sion may be required for refractory detrusor overactivity. 


Nocturia 


Nocturia is a symptom commonly encountered by urologists. 
Although the definition of OAB proposed by the International 


Continence Society includes nocturia, the symptom may be due 
to several other causes. It is therefore important for a urologist to 
understand these and can manage these appropriately. In addition, 
nocturia may lead to a large reduction in QoL, work productivity, 
and increases the risk of falls and mortality in elderly people. It may 
also be a symptom of serious underlying illness. 

In patients with nocturia, global polyuria should be excluded via 
a frequency volume chart. The causes of polyuria include excess 
fluid intake (polydipsia), diabetes mellitus, and diabetes insipidus. 
Polydipsia may be primary or secondary to diabetes. Central dia- 
betes insipidus is caused by a deficiency of antidiuretic hormone 
(ADH) and nephrogenic diabetes insipidus by the kidneys’ inability 
to respond to ADH. 

Thereafter it is important to exclude nocturnal polyuria as a 
cause of nocturia, as its aetiology and treatment are mostly medi- 
cal. As described above, the frequency volume chart is fundamen- 
tal in delineating this symptom. Although generally, >33% of the 
daily urine production occurring at night is taken as the cut off, 
in younger individuals 20% may be more appropriate. Recognized 
causes of nocturnal polyuria include excessive evening fluid intake, 
heart failure, diabetes mellitus, hypoalbuminemia, venous insuffi- 
ciency, long-acting diuretics, and obstructive sleep apnoea. 

Many of its causes are due to redistribution of third space fluid 
when the patient lies down, leading to excessive urine produc- 
tion during sleep hours. The treatment for this is mostly medical. 
Obstructive sleep apnoea is interesting and it is postulated that clo- 
sure of the soft tissues of the larynx leads to increased intrathoracic 
pressure, resulting in a reflex tachycardia and right heart strain, 
which in turn produces atrial naturetic peptide. This increases 
sodium and water excretion from the kidneys, resulting in noctur- 
nal polyuria. The use of continuous positive airways pressure has 
been shown to reduce nocturia in these patients. 

Other causes of nocturia include incomplete bladder empty- 
ing secondary to bladder outflow obstruction or detrusor failure, 
nocturnal detrusor overactivity, decreased bladder capacity, pain- 
ful bladder syndrome, bladder or ureteral calculi, urogenital neo- 
plasia, anxiety, poor sleep, psychological disorders, and drugs. In 
patients with a reduced bladder capacity or dipstick haematuria, a 
cystoscopy and abdominal ultrasound scan should be undertaken 
to exclude bladder calculi, neoplasms of the bladder, cystitis, and 
extrinsic compression of the bladder from prolapse, fibroids, or 
other masses. 

Reducing evening fluid intake, especially caffeine and alcohol, 
may help patient symptoms and is the first line in conservative 
therapy. Logically, the use of compression stockings during the day 
may shift third space fluid and reduce nocturnal polyuria, although 
evidence is lacking for this it seems a sensible suggestion. To reduce 
further, third space fluid diuretics may also be employed. Their use 
in the late afternoon (six hours before bedtime) has been shown to 
improve nocturia by shifting excess fluid before sleep.” 

Antimuscarinic agents may be used in patients with nocturia. 
Although they have been shown to have significant benefits over 
placebo in randomized controlled trials, this may not be clinic- 
ally significant.?> Certainly in patients with urgency and OAB, 
they may be beneficial and they also show more clinical benefit 
in those with a higher frequency of nocturia. Asking a patient 
why they wake and why they go to void, and whether this is due 
to urgency may help identify those who may attain benefit from 
antimuscarinics. 
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Alpha antagonists and 5-alpha reductase inhibitors have 
been shown to lead to reductions in nocturia in men with other 
symptoms of bladder outflow obstruction. Their success in men 
without symptoms of bladder outflow obstruction and poor 
flow rates is not well documented. Similarly, surgery to relieve 
bladder outflow obstruction such as transurethral resection of 
prostate may help reduce nocturia frequency if it is due to blad- 
der outflow obstruction, but not if there is another underlying 
cause. Therefore, in selected cases it would certainly be worth 
considering. 

If after the causes of nocturia are adequately treated and symp- 
toms persist, then desmopressin is indicated. Desmopressin is a 
selective vasopressin-2 receptor agonist and is a synthetic analogue 
of ADH. Desmopressin has been shown to have a significant benefit 
in patients with nocturia and nocturnal polyuria. The patient must 
be warned to take only one tablet prior to sleep and not more than 
one in any 24 hours. It is mandatory to measure serum sodium at 
three days, one week, and in the long term following ingestion of 
therapy, especially in elderly patients. 
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CHAPTER 3.8 


Urinary fistula 
Nadir I. Osman and Christopher R. Chapple 


Introduction to urinary fistula 


Genitourinary fistulae (GuF) are a global public health problem 
afflicting two to three million women worldwide, most of whom 
are in developing nations.!? The burden of GuF is significant 
due to associated stress, psychological upset, and socioeconomic 
consequences.** A fistula is defined as an abnormal communica- 
tion between two or more epithelial surfaces. The close embryo- 
logical development and anatomic proximity of the genital and 
urinary tracts predisposes them to associated injuries. Most com- 
monly, fistulation occurs between the bladder and vagina, known 
as vesicovaginal fistula (VVF). Less commonly, fistulae can form 
between the urethra and vagina, known as urethrovaginal fistula 
(UVF); between the ureter and vagina as ureterovaginal fistula 
(UrVF); and rarely between the bladder and uterus as vesicouterine 
fistula (VUF). 

Historically, in the developed world neglected obstructed labour 
was the major cause of GuF but with advancements in obstetric 
care this has now given way to gynaecological surgery, particularly 
hysterectomy,” where it is estimated to occur in 1 in 788 cases.® 
Obstetric injury remains the primary cause in developing countries. 


Aetiology, pathogenesis, and risk factors 


Vesicovaginal fistula 


Vesicovaginal fistula (VVF) is the most prevalent GuF worldwide. 
In developed countries, the most common cause is pelvic surgery, 
particularly hysterectomy for benign conditions, which accounts 
for 50% of all cases.” The remainder of causes show an even split 
between radiation, malignancy, and miscellaneous causes. General 
risk factors for fistula formation include prior pelvic surgery, irradi- 
ation, endometriosis, diabetes, malnutrition, and steroid use. 

Post-hysterectomy VVF are usually located above the interure- 
teric bar in the region of the upper vaginal vault. They typically 
result as consequence of unrecognized bladder injury around the 
vaginal cuff during the mobilization of the bladder off the anterior 
vaginal wall, more likely to occur with blunt as opposed to sharp 
dissection. A urinoma then forms which may spontaneously dis- 
charge via the vagina, while ongoing leakage is a sign that a fistula 
tract has formed. Alternatively, the bladder may be injured due to 
excessive electrocautery or injudicious suture placement to control 
bleeding resulting in tissue ischaemia, necrosis, and fibrosis, pre- 
disposing to the development of a fistula tract.? Pelvic haematoma 
or local infection also increase the risk of fistula formation. 

Pelvic irradiation may result in fistulation years or even decades 
after treatment and is the primary cause of delayed fistulae. Rates 
of VVF after radiotherapy for cervical cancer range from 0.6% to 


2%.10 Radiation induces ulceration and fissuring of the bladder 
epithelium, fibrosis in the bladder wall, and obliterative arteritis 
leading to tissue ischaemia, necrosis, and atrophy, which predis- 
pose to the formation of fistula.!! It may also be the case that the 
fistula tract signifies disease recurrence. Primary locally advanced 
tumours may result in VVF, particularly gynaecological malignan- 
cies. Advanced cervical carcinoma with bladder invasion is associ- 
ated with VVF formation in between 4-48% of cases1>!3 and may 
be more common in smokers where pre-existent arteriosclerosis 
may augment radiation-induced vascular injury." It is essential in 
all cases of VVF where there is a precedent history of cancer to con- 
duct appropriate staging investigations to exclude recurrence, prior 
to carrying out fistula repair. 

Prolonged obstructed labour is the most common cause of 
VVF in the developing world, representing over 90% of cases.!5 
Prolonged impaction of the foetal head against the anterior vagi- 
nal wall results in pressure-induced tissue ischaemia and ultimately 
necrosis of the vaginal wall extending to the bladder, bladder neck, 
and/or urethra, depending on the level the foetal head descent 
arrested. Post-partum, sloughing of the necrotic tissue will result in 
a fistulous tract. Risk factors for obstetric fistula include labouring 
before physical maturity and malnutrition, both common scenarios 
in developing countries; this coupled with a lack of obstetric care 
results in prolonged obstructed labour. Obstetric VVF often occurs 
simultaneously with injuries to the gastrointestinal, neurological, 
and musculoskeletal systems due to ‘field’ ischaemic injury, termed 
‘the obstetric labour injury complex.!6 

Miscellaneous causes of VVF include forgotten pessaries, trauma, 
and infective and inflammatory diseases of the pelvis. Obstetric, 
gynaecologic, or urological instrumentation may infrequently lead 
to fistulation. 


Urethrovaginal fistula 


Urethrovaginal fistula occurs less commonly than VVF and has 
important differences in aetiology and treatment. In developed coun- 
tries, UVF occurs most frequently after surgery for stress incontin- 
ence, urogenital prolapse, and urethral diverticula. Obstetric labour 
accounts for most cases in developing countries, where the extensive 
nature of defects and poor quality of tissue may mean incontinence 
persists despite closure of the fistula. Less common causes include 
vaginal malignancy, irradiation, prolonged catheterization, and pel- 
vic fracture. In the last decade, the increased use of artificial slings 
as treatment for stress urinary incontinence has led to an increase in 
UVE coupled with sling erosion. Management of these cases involves 
excision of the fistula tract, as well as excision of the eroded sling. 

In general, the management of all UVF is complicated by a high 
risk of subsequent stress urinary incontinence due to associated 
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sphincteric weakness consequent upon sphincteric damage associ- 
ated with the fistula. 


Ureterovaginal fistula 


Ureterovaginal fistula (UrVF) occurs most frequently secondary to 
iatrogenic injury during hysterectomy, colorectal, or vascular sur- 
gery. The ureter is usually injured in its distal segment, either by 
direct ureterotomy or by inadvertent ligation leading to necrosis 
and subsequent extravasation of urine, which passes along the path 
of least resistance to the vaginal suture line to leak externally. 


Vesicouterine fistula 


Vesicouterine fistula (VUF) is extremely rare and accounts for 1% 
of fistulas in most series.” It represents an abnormal communica- 
tion between the anterior uterus and posterior bladder wall and is 
associated with low segment caesarian section (LSCS). The usual 
scenario is following failed trial of labour in patients who have pre- 
viously undergone LSCS; where the prior scar acts as the focus for 
a tear of the tissues at the area of vesicouterine apposition, result- 
ing in a fistula tract forming. Alternatively, VUF may form after a 
LSCS due to the inadequate mobilization of a bladder adherent to 
the anterior vaginal and lower uterine walls, resulting in inadvert- 
ent cystotomy and incorporation of the bladder into the suture line 
during closure of the uterus. 


Clinical presentation 


VVF's typically present days to weeks following surgery, with con- 
tinuous urinary leakage during day and night that is typically not 
associated with stress, change in posture, or urgency. In UVE the pres- 
entation depends on the size and location of the fistula.!’ Continence 
may be preserved when fistulae occur in the distal third of the urethra, 
with patients experiencing vaginal voiding. Proximal and mid-ureth- 
ral fistulas may present with intermittent or positional leakage. Other 
symptoms include perineal skin irritation, vaginal fungal infections, 
and recurrent urinary tract infections. UrVF presents with constant 
urinary leakage days to weeks following pelvic surgery which may 
be preceded by flank pain and fever due to urinoma and/or upper 
tract obstruction. The patient may also continue to void normally as 
the bladder fills as usual from the contralateral ureter. VUF may pre- 
sent with urinary incontinence, cyclical haematuria, amenorrhoea, 


secondary infertility, or first trimester miscarriage. Incontinence is 
usually seen early following LSCS, whereas haematuria and amenor- 
rhoea can occur months or years later. 


Evaluation 


A thorough evaluation is central to the successful management of 
GuF, and in all patients detailed evaluation of both the upper and 
lower tracts is essential. With lower tract fistulae, precise delinea- 
tion of the number, location, and size of fistulous tracts, in addition 
to an assessment of the quality of tissues, function of the urethral 
sphincter, and any associated ureteric injuries is crucial. This entails 
a vaginal examination (with speculum) which may identify fistu- 
lous tracts (Fig. 3.8.1) and an assessment of any associated prolapse 
or leakage per urethra on coughing. Additionally, larger fistulae 
may be palpable on bimanual examination, which is also used to 
assess for pelvic malignancy. 

The three-sponge test can help to confirm the presence of fis- 
tula when not apparent on examination.!? Three gauze sponges are 
placed in the vagina (Fig. 3.8.2). A dyed solution, such as methylene 
blue or indigo carmine, is instilled in to the bladder after which 
the catheter is removed. The sponges are then removed ten minutes 
later. The results are interpreted as follows: (a) if only the upper- 
most sponge is stained, it suggests a VVF; (b) if the top sponge is 
wet (with urine) but unstained while the lower two are unstained, 
this suggests a UrVF; (c) staining of the lowermost sponge only is 
suggestive of a urethral origin, potentially either a UVF or back- 
tracking of urine, associated with concomitant stress incontinence 
due to a urethral sphincter weakness. 

Cystourethroscopy is important to identify fistulae and assess 
anatomy in relation to the vagina and ureteric orifices. A fistulous 
opening may appear as an area of hyperaemia, a dimple, or a frank 
ostium (Fig. 3.8.1) in cases where the fistula tract is more mature. 
Cannulation with a ureteric catheter or guidewire will help identify 
fistula anatomy in relation the vagina. In this, it is often easier to 
identify the fistula by the use of synchronous vaginoscopy using the 
cystoscope, as the fistula opening in some smaller fistulae is more 
evident on vaginal examination. 

Contrast studies are helpful in confirming the diagnosis and are 
essential to assess the upper urinary tract (intravenous urography, 
contrast computed tomography, or MRI). A cystogram will usually 


Fig. 3.8.1 Vesicovaginal fistula (VVF): (A) VVF at operation cannulated by a urethral sound; (B) cytsoscopic image of a VVF ostium; and (C) oblique cystogram 
demonstrating leakage of contrast into the vagina through a VVF. 


Images reproduced courtesy of Professor Chapple. 


Fig. 3.8.2 The three-sponge test. (A) Three sponges are inserted into the vaginal 
canal. (B) Dyed solution (e.g. aqueous methylene blue) is instilled into the 
bladder. The sponges are then removed after 10 minutes. (C) If only the lower 
most sponge is stained, the cause is either a low UrVF or back tracking from the 
urethral meatus. (D) If none of the sponges are stained but the top-most sponge 
is wet with urine, this suggests a UVF. (E) If only the upper sponge is stained, this 
suggests a VVF. (F) Rarely, staining of the uppermost sponge can be due to reflux 
of the dye from the bladder into the ureter, then leaking from a UVF. 


Images reproduced courtesy of Professor Chapple. 


demonstrate clear leakage of contrast into the vagina (Fig. 3.8.1) and 
voiding phase images may identify smaller fistula and UVF; these 
are more easily seen in lateral or oblique views. Videourodynamics 
will additionally provide an assessment for stress incontinence, 
bladder capacity, and detrusor function. Intravenous urography or 
retrograde studies will determine the presence of ureteric injury or 
upper tract obstruction. Cross-sectional imaging is essential to the 
evaluation of suspected malignancy. When recurrent malignancy is 
suspected, the tract must also be biopsied. 


Classification 


Currently there are no universally accepted classification systems 
for GuF, although many have been proposed.”? Most classification 
systems are based on descriptions of the size and location of fistula 
but do not reliably predict difficulty of repair or chance of success- 
ful outcome, limiting their utility in clinical practice. Nevertheless, 
the adoption of a standardized classification for GuF is essential for 
interpretation and comparison of series of GuF repair, particularly 
in the developing world. 


CHAPTER 3.8 URINARY FISTULA 


Management 


The incontinence associated with GuF is often debilitating and so 
all patients initially should be provided with incontinence pads and 
advised how to manage their symptoms until definitive treatment. 


Conservative 


In the postoperative setting, a VVF and UVF diagnosed early 
(within the first two to three weeks) should not be managed conser- 
vatively. Beyond this ‘watershed’ period, with VVE if an indwelling 
catheter results in dryness then providing continuous drainage may 
result in spontaneous healing of smaller fistulae. UVF are often best 
managed conservatively in the first instance with a delayed repair 
being carried out. With conservative management, if there has 
been no improvement after 30 days resolution is unlikely*!; how- 
ever, since this is only used after the watershed period has passed 
it is continued until definitive interventional surgery. Alternatively, 
if the fistula tract is deemed small, endoscopic fulguration with an 
electrode has been suggested, however this may result in necro- 
sis and enlargement of the tract if performed overzealously.?? 
Occlusion using fibrin glue may be useful providing a support con- 
taining growth and angiogenic factors allowing ingrowth of fibro- 
blasts and the formation of connective tissue; the results reported 
with this approach are however limited in number. 

UrVF should always be managed actively, with either nephros- 
tomy drainage and/or ureteric stenting being instituted at an early 
stage. Ureteric stenting when the ureter is patent may result in 
spontaneous resolution. 


Surgical 
General considerations 
The first consideration is the timing of repair, which has been a 
source of some controversy. Traditionally, a delay of three to six 
months was advocated as an extrapolation from obstetric fistula 
practice and to allow inflammation, tissue oedema, and friability 
to resolve. More recently earlier repair has been advocated, espe- 
cially in the post-hysterectomy setting, where the fistula results 
from clean localized surgical trauma as opposed to the wide ischae- 
mic injury seen in obstetric practice.” In most cases, contemporary 
consensus favours a delay of at least six weeks once the initial two to 
three-week watershed has been passed. 

The principles of fistula repair were first described by Simms 
150 years ago as: 


(i) The excision of all scar tissue 
(ii) The approximation of healthy wound edges 
(iii) Closure without overlapping suture lines 


In most cases it is not necessary to excise the tract, particularly in 
cases where doing so would create a large defect that would be more 
difficult to close. Interpositional grafts and flaps should be used to 
provide additional tissue coverage to repairs. 

Preoperatively, patients should be optimized nutritionally, any 
infection treated with antibiotics, and blood sugar levels controlled 
in diabetics. Vaginal oestrogen cream can be given to those with 
atrophic vaginitis. Antibiotic prophylaxis should be administered 
and continued into the postoperative period. Both a suprapubic 
and urethral catheter should be placed at operation, to protect the 
repair should one become blocked. A cystogram at 10-14 days 


291 


292 


SECTION 3 FUNCTIONAL AND FEMALE 


will confirm closure, following which the urethral catheter can be 
removed and suprapubic catheter clamped. 

Each fistula is unique and requires an individualized approach. 
A detailed exposition of the different approaches for GuF is beyond 
the scope of this chapter, but the principles of the common recon- 
structive techniques are discussed. The contemporary principles 
can be summarized as: 


(i) Define anatomy 
(ii) Tension-free closure 
(iii) Avoid haematoma 
(iv) Interpose vascularized tissue wherever possible 


(v) Defunction bladder for two to three weeks and confirm suc- 
cess with a contrast study 


Vesicovaginal fistula 

Surgical repair of non-complicated vesicovaginal fistula is associ- 
ated with successful outcomes in over 90% of cases.*4 A transvagi- 
nal or transabdominal approach may be used, the choice depending 
on the specific situation and the route which the surgeon is most 
comfortable with. 


Transvaginal approach 

The vaginal approach is generally considered to be preferable due 
to the shorter operating time, reduced blood loss, and shorter hos- 
pital stay. The main contraindications are the presence of multiple 
fistula or fistula to other organs, concomitant ureteric injury, anat- 
omy that would make the approach difficult (e.g. vaginal stenosis, a 
high fistula) or leg contractures. The patient is positioned in lithot- 
omy or modified Sims position (prone) (Fig. 3.8.3). The ureters are 
catheterized and should be subsequently stented if they are near the 
fistula tract, as postoperative oedema will lead to impaired drainage 
from the upper tract. The vaginal opening of the fistula is identified 


and the margin of fistulous scar tissue is circumcised (Fig. 3.8.3). 
Although excision of the tract is not necessary, this is aided using 
stay sutures for traction (Fig. 3.8.3) and is often facilitated by the 
passage of a small Foley catheter through the fistula with subse- 
quent traction on it following inflation of the balloon. The bladder 
is then closed using interrupted absorbable sutures. At this point, 
a Martius labial rotation flap or vascularized peritoneum may be 
used to provide a further layer of tissue covering the repair. The 
Martius flap is harvested from the fibro-fatty tissue of one of the 
labia, which has a good blood supply from the external pudendal 
artery. Once mobilized using a labial incision, the flap is tunnelled 
into the area of the vaginal dissection. The vaginal and labial inci- 
sions are then closed and suprapubic and urethral catheters are 
placed. 


Transabdominal approach 

The transabdominal approach is used particularly when a sim- 
ultaneous procedure such as ureteric reimplantation or bladder 
augmentation is planned, or the need for interposition of a well- 
vascularized graft such as the omentum or rectus muscle is antici- 
pated, or indeed in any of the indications noted above where the 
patient is considered unsuitable for vaginal surgery. The patient 
is positioned in the perineoabdominal position, which allows for 
vaginal manipulation, urinary tract instrumentation, as well as 
conversion to the perineoabdominal approach if needed. A lower 
midline incision is made; this can be most effectively accom- 
plished in most cases, unless there is marked obesity, via the pre- 
vious Pfannenstiel incision which has been invariably used. The 
incision should be extended down to the pubic bone with dis- 
section of the medial 2 cm of the rectus muscle insertion off of 
the pubic bone. The bladder is bivalved to the level of the fistula. 
The ureteric orifices are identified and stented. The fistula tract 
is then excised and bladder and vagina are closed separately in 


Fig. 3.8.3 Surgical approaches: (A) prone (Simm's) position (top) and lithotomy prepared for abdominopernineal progression (bottom); (B) circumferential incision 


around VVF tract (left) with the aid of stay sutures (right). 


Images reproduced courtesy of Professor Chapple. 


layers using interrupted absorbable sutures. A space can then 
be developed for interposition of mobilized omentum (along its 
right gastroepiploic pedicle) between the closures of the bladder 
and vagina. The excellent vascular supply and ability to respond 
to inflammation and infection makes omentum the ideal tissue 
support for repair. 


Urethrovaginal fistula 

In developed countries, urethrovaginal fistulae are more com- 
monly associated with iatrogenic injury from incontinence and 
prolapse surgery. Patients with mid or proximal UVF should be 
warned of the risk of postoperative stress incontinence. UVF are 
approached transvaginally, with the utmost care to avoid exces- 
sive dissection of the perifistula tissue, to avoid excessive damage 
to the urethral sphincter mechanism. The urethra is best closed 
in a tension-free fashion using interrupted figure-of-eight sutures 
to facilitate sphincter reconstruction and reduce the risk of sten- 
osis. A Martius flap should also be interposed between the urethral 
and vaginal closures. UVF due to obstetric injury are usually more 
extensive, which may necessitate some form of urethral recon- 
struction using a tubularized vaginal graft/flap or a bladder wall 
flap. The use of a Martius flap also facilitates the subsequent use of 
an autologous sling should stress incontinence result and require 
treatment. 


Ureterovaginal fistula 

With an acute injury, provided there is little loss of ureter, a dir- 
ect anastomotic ureteroplasty can be carried out. However, in 
the majority of cases, where stenting has failed, and the proced- 
ure is being carried out after the development of a significant 
ureteric stenosis, this is not possible. The traditional approach to 
repair for the lower third is uretero-neocystomy as the extensive 
fibrotic reaction makes separation of the ureter from the vagina 
difficult. The ureter should be divided as distally as possible and 
reimplanted into the bladder, with the aid of a psoas hitch or boari 
flap if needed. For more proximal injuries, then ileal interposition 
or transureteroureterostomy can be considered. An alternative is 
renal autotransplantation into the pelvis. When the kidney on the 
affected side is functioning poorly, nephrectomy may be a better 
option. 


Vesicouterine fistula 

In vesicouterine fistula, management largely depends on the 
whether the patient still desires to conceive or has completed 
her family.?° In the former the tract can be excised and bladder 
and uterus closed; in the latter excision may be coupled with a 
hysterectomy. 


Urinary diversion 

Around 5% of fistulas are deemed incurable; such cases include 
those where multiple repairs have failed, or where fistulae are 
deemed so extensive that reconstruction is impossible.”° In these 
situations urinary diversion is usually the only option. In developed 
countries, the most feasible and safest method is an ileal conduit, 
whereas in developing countries continent diversions such as the 
ureterosigmoidostomy are more common due to the lack of need 
for expensive stoma appliances (although these are associated with 
a higher risk of long-term complications). Percutaneous nephros- 
tomy is an option, albeit a less than desirable one for patients who 
are not fit for surgery. 
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Conclusion 


GuF are one of the most distressing complications of pel- 
vic surgery. The diagnosis is made commonly after the patient 
presents with constant urine leakage days to weeks postopera- 
tively. A careful evaluation is needed to establish the number 
and nature of fistulous tracts, as well as any associated injuries. 
Approximation of healthy tissue is essential to repair and when 
there is doubt regarding the potential success of a repair, tissue 
interposition, using a Martius or omental flap, provides add- 
itional tissue support. 


Further reading 


Chapple C, Turner- Warwick R. Vesico-vaginal fistula. BJU Int 2005; 
95(1):193-214. 

Hilton P, Cromwell D. The risk of vesicovaginal and urethrovaginal 
fistula after hysterectomy performed in the English National Health 
Service—a retrospective cohort study examining patterns of care 
between 2000 and 2008. BJOG 2012; 119(12):1447-54. 

Hilton P. Urogenital fistula in the UK: a personal case series managed over 
25 years. BJU Int 2012; 110(1):102-10. 

Pushkar DY, Dyakov VV, Kosko JW, Kasyan GR. Management of 
urethrovaginal fistulas. Eur Urol 2006; 50(5):1000-5. 

Rovner ES. Urinary tract fistulae. (pp. 415-21) In: McDougal SWA, 
Kavoussi L, Novick A, Partin A, Peters C (eds). Campbell- Walsh 
Urology, 10th edition. Philadelphia, PA: Saunders, 2012. 
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CHAPTER 3.9 


Urethral diverticula 
Nadir |. Osman and Christopher R. Chapple 


Introduction to urethral diverticula 


Urethral diverticula (UD) can be defined as focal out-pouchings of 
the urethra into the surrounding periurethral tissues. They occur 
almost exclusively in adult females, usually in the third to fifth dec- 
ade. The true incidence has been impossible to define but histor- 
ically has been placed between 1-6%! in the general population, 
rising to up 40% in women with lower urinary tract symptoms 
(LUTS).? By contrast, UD in males are exceedingly rare and may be 
congenital or associated with urethral stricture, trauma, or surgery. 
However, we consider female UD in this chapter. 


Aetio-pathogenesis 
Acquired 


UD in adults are considered as acquired phenomena with a primary 
infectious aetiology. Over a century ago, Routh proposed that UD 
arose from the paraurethral glands (or Skene’s glands).? Paraurethral 
glands are tuboalveolar structures that are positioned posterolater- 
ally along the whole length of the urethra, but are more common in 
the distal two-thirds, with most ducts draining into the distal third of 
the urethra. They secrete mucin, which is thought to act as a urethral 
sealant contributing to continence. UD are hyothesized to occur due 
to acute infection of the paraurethral glands, which leads to obstruc- 
tion of the duct and paraurethral abscess formation. Relapsing 
or persistent infection then causes weakening of the urethral wall 
adjacent to the affected gland, resulting in rupture into the ureth- 
ral lumen and epithelialization of the tract. The end result is a cyst- 
like appendage with a connection to the urethra called the neck (or 
ostia). The distribution of UD follows the anatomical location of the 
periurethral glands, with the majority being found at 3 or 9 oclock 
position in the middle and distal third of the urethra. The ostia are 
classically located at the 6 oclock position. UD may also be com- 
pound and have complex configurations extending partially around 
the circumference of the urethra (‘saddlebag’) or wrapping entirely 
around it. An alternative aetiological factor is urethral trauma 
resulting from childbirth, catheterization, or previous surgery. 


Congenital 


Congenital urethral out-pouchings have rarely been described in the 
paediatric population, although they are thought to represent a dis- 
tinct pathoanatomic entity possibly arising from remnants of Gartner's 
ducts, Miillerian or cloacagenic cell rests, or aberrant union of prim- 
ordial folds. Some authors do not consider these to be true UD. 


Complications 


The long-term sequelae of untreated UD include neoplastic trans- 
formation, which may be benign (nephrogenic adenoma) or very 


rarely malignant (60% adenocarcinoma, 30% transitional cell car- 
cinoma, and 10% squamous cell carcinoma) and formation of cal- 
culi (up to 10%) due to urinary stagnation. 


Clinical presentation 


UD present with a wide array of non-specific symptoms.’ As such, 
patients are frequently misdiagnosed as having bladder pain syn- 
drome, recurrent urinary tract infections (UTIs), vulvovagini- 
tis, and other conditions. This often leads to significant delays in 
diagnosis, with patients seeing more than one consultant before a 
diagnosis is reached; one study found an average time from pres- 
entation to diagnosis of nine months. A high index of suspicion is 
initially required, after which relevant investigations can be under- 
taken to confirm and evaluate anatomical configuration. 

The classic triad (three Ds) of symptoms—dysuria, dyspareunia, 
and dribbling—is uncommonly seen. The most frequent symptoms 
are storage LUTS, dysuria, dyspareunia, and pelvic pain. One- 
third of patients may present with recurrent urinary tract infection 
probably to due urine stasis in the diverticulum. Other presenta- 
tions include stress or urgency incontinence, voiding LUTS, urin- 
ary retention, anterior vaginal wall pain and swelling, urethral 
discharge, or urethral bleeding, which may signify the presence 
of a diverticular stone or malignant change. A salient feature of 
symptomatic UD is the relapsing remitting course of symptoms 
caused by the onset and resolution of acute infective exacerbations. 
Nevertheless, bearing in mind the relatively high prevalence of UD 
and the relative rarity with which patients present clinically, most 
UD are likely to be entirely asymptomatic. 

Examination may reveal an anterior vaginal wall mass just prox- 
imal to the introitus. During an acute exacerbation, palpation will 
usually elicit tenderness, antegrade ‘milking’ of the mass may prod- 
uce urine or purulent discharge. Hardness and induration associ- 
ated with bleeding may of course signify malignant change; but 
this is extremely rare. The differential diagnosis for anterior vaginal 
lumps includes Miillerian remnant cysts, Gartner's duct cysts, ure- 
terocele, abscess, and neoplasms. Additionally, examination should 
include an assessment for stress urinary incontinence, urethral 
hypermobility, and the presence of pelvic organ prolapse, which are 
important considerations in later surgical planning. 


Evaluation 


Following history taking and examination, urinalysis + urine 
microscopy and culture should be undertaken to assess for infec- 
tion or haematuria. The choice of diagnostic imaging techniques 
largely depends on the particular clinical presentation and avail- 
ability of expertise with particular imaging modalities. While trad- 
itionally voiding cystourethrography and double balloon positive 
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pressure urethrography were used, in recent years, magnetic res- 
onance imaging (MRI) scanning has become the gold standard 
evaluation, although in experienced hands transvaginal ultrasound 
is equally sensitive. 


Urethroscopy 


Endoscopic examination of the urethra may allow visualization of 
a mucosal defect or ostia in up to 60% of cases.° A zero-degree lens 
will optimize visualization and if a palpable mass is present, com- 
pression may enhance localization by expelling the contents into 
the urethral lumen. Occlusion of the proximal urethra and with- 
drawal of the cystoscope distally while instilling irrigation fluid 
will allow positive pressure to cause distention and may also aid 
visualization. 


Imaging 

Voiding cystourethrography 

Voiding cystourethrography (VCUG) was previously considered 
the study of choice for diagnosis of UD with a reported diagnostic 
accuracy of around 65%. It relies upon adequate flow being gener- 
ated for contrast to enter the ostia and distend the diverticulum dur- 
ing the voiding phase of micturition. This may fail if the ostium is 
stenotic, occluded by debris, or the diverticulum is already partially 
filled. Additionally, patients may suffer pain or embarrassment, and 
consequently fail to generate adequate urinary flow. VCUG can be 
performed as part of a videourodynamic assessment to exclude 
other causes of symptoms such as urgency or stress urinary incon- 
tinence (Fig. 3.9.1). Many patients have paradoxical incontinence 
(loss of urine from diverticulum with Valsalva manoeuvres) and 
this can be difficult to differentiate from true stress incontinence.!° 


(A) 


VCUG has been largely abandoned as it is time-consuming, tech- 
nically difficult, and invasive.® 


Double balloon urethrography 

Double balloon urethrography (DBU) was a popular imaging tech- 
nique in the mid-twentienth century. A specialized double balloon 
catheter is inserted into urethra to obstruct the bladder neck and 
urethral meatus, effectively isolating the urethra. Contrast is then 
injected at high pressure into the urethra with aim of opening up 
the ostia and delineating the site and anatomy of UD. Although 
sensitivity compared favourably to VCUG, this technique is now 
considered obsolete with the advent of transvaginal ultrasonog- 
raphy and MRI scanning. 


Ultrasound 

In a variety of approaches, ulltrasound (US) has been advocated in 
the evaluation of UD. It is widely available, rapidly performed, and 
inexpensive. Transabdominal US is considered inadequate to assess 
for small lesions, and therefore not recommended. Transvaginal 
US provides better detail on the size and location of UD although 
may inadvertently compress the urethra and miss smaller UD.!! 
Transurethral US has been developed more recently and shows 
good sensitivity and anatomic detail, yet is more invasive, and risks 
UTI and urethral damage so is not widely used. Although tech- 
niques are evolving, currently US requires particular expertise to 
define the surgical anatomy that is required for preoperative plan- 
ning. MRI scanning is easier for most clinicians to interpret. 


Magnetic resonance imaging 
MRI is widely considered to represent the gold standard in imaging 
of UD. It provides exceptional resolution and multiplanar imaging 


Fig. 3.9.1 Imaging of urethral diverticula (UD). Voiding cystourography: (A) oblique X-ray demonstrating filling of UD during voiding; (B) residual contrast in UD post- 


voiding. MRI imaging: (C) simple UD; (D) saddlebag UD; and (E) circumferential UD. 


Images reproduced courtesy of Professor Chapple. 


Table 3.9.1 LNSC3 classification system of UD 


L Location Site of diverticulum: distal, mid, or proximal 
urethra 


+ With or without extension behind bladder neck 


N Number Single or multiple 
Size In centimetres 
C1 Configuration + Single, multiloculated, or saddle-shaped 


Site of communication with urethra: distal, mid, or 
proximal 


C2 Communication 


G3. I@ontinence @ Is stress incontinence present or not 


Reprinted from Gary E. Leach et al, L N S C3: A Proposed classification system for female 
urethral diverticula, Neurourology and Urodynamics, Volume 12, Issue 6, pp. 523-531, 
Copyright © 1993 Wiley-Liss, Inc, A Wiley Company, with permission from John Wiley 
and Sons. 


of UD and is considered to be more sensitive than VCUG or DBU 
while avoiding urethral catheterization and the need for void- 
ing.!? MRI may be performed using the standard surface coil or 
endoluminal coils (placed in rectum or vagina) which provide an 
improved signal-to-noise ratio and greater resolution imaging.!3 
T2-weighted MRI is the preferred modality, which shows increased 
signal intensity in diverticulum that contrasts well to the surround- 
ing tissues (Fig. 3.9.1). MRI provides the most detailed anatomic 
evaluation for surgical planning. It is important not only to request 
sagittal as well as coronal views, but also to stress that the MRI scan 
should be performed as a post-voiding study; failure to do so will 
result in a number of diverticula being ‘missed’ 


Classification 


Two classification systems for UD have been proposed. The simpler 
of the two divides UD into two classes based on the integrity of the 
periurethral fascia.!4 The aim is to identify patients with deficient 
fascia (associated with prior incontinence surgery) who in fact 
have pseudo-diverticlulae and hence may require a different recon- 
structive approach. The other classification is more detailed and 
aims to aid preoperative planning by staging UD based on location, 
number, size, site of connection with urethra, configuration, and 
continence state, termed the L N S C3 system (Table 3.9.1).1° 


Management 


Conservative 


Asymptomatic UD should be treated conservatively and left alone. 
Conservative management is appropriate in those with minimal 
symptoms and those declining surgery. Conservative measures, in 
addition to just observation, include milking the diverticulum after 
voids to avoid urinary stagnation, and low dose prophylactic anti- 
biotics to prevent infections. 


Surgical 

A variety of surgical approaches for UD have been described!* 
including excision, transurethral incision,!’ open marsupializa- 
tion in to the vagina,!* and obliteration with cellulose or Teflon 
injection.!? None of these are recommended in contemporary 
practice. Where intervention is felt to be appropriate, the most 
common approach is transvaginal excision with reconstruction of 
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Table 3.9.2 Urodynamic findings in UD Urodynamic findings in 55 
women with urethral diverticula 


Findings n Percentage 
Abnormal 33 60 
Stress incontinence alone 18 325 
Stress incontinence with detrusor instability 8 14.5 
Detrusor instability alone 5 9 
Sensory urgency il 2 
Myogenic decompensation 1 2 
Normal 22 40 


Reprinted from Gary E. Leach et al, L N S C3: A Proposed classification system for female 
urethral diverticula, Neurourology and Urodynamics, Volume 12, Issue 6, pp. 523-531, 
Copyright © 1993 Wiley-Liss, Inc, A Wiley Company, with permission from John Wiley 
and Sons. 


the urethra. This should only be carried out in experienced hands 
as future continence will depend on the integrity of the sphincter 
mechanism. The surgery requires good exposure and can be a tech- 
nical challenge due to the significant vascularity and lack of clear 
tissue planes due to fibrosis from recurrent infection. In general, 
surgery is best delayed until an acute exacerbation has been treated 
with antibiotics. 

Counselling of patients preoperatively regarding the significant 
risk of postoperative incontinence is recommended. Conversely 
the surgery may correct existing urinary incontinence, consequent 
upon either sphincteric weakness resultant from the diverticulum 
(stress incontinence), or due to pooling of urine in the diverticu- 
lum (paradoxical incontinence). The use of videourodynamics is 
recommended to define baseline lower urinary tract function. An 
extensive series of case studies reported in the literature clearly 
defines the associated pathological conditions, which may be seen 
preoperatively in these patients (Table 3.9.2).!° 

Patients should be warned about the potential risks of surgery 
including fistula formation, dyspareunia, and postoperative incon- 
tinence. While traditionally patients are operated on in the lithot- 
omy position, we would recommend that with more proximal or 
complex diverticula, the prone surgical position should be used 
(Fig. 3.9.2), which provides excellent surgical access. In addition, 
we have a low index for using a synchronous Martius flap; this in 
our experience has prevented any fistulae forming in cases where 
we considered there to be a significant risk of this occurring. 
Furthermore, where we have considered there to be a significant 
risk of postoperative stress incontinence, a Martius flap facili- 
tates the subsequent insertion of a fascial sling. Patients should be 
adequately counselled about the potential for both of these proce- 
dures preoperatively. 

The general principles of excision can be summarized to include: 


(i) Mobilization of well-vascularized vaginal skin flap(s); 


(ii) Complete excision of the urethral communication and 
diverticulum; 


(iii) Preservation of urethral anatomy and function; 
(iv) Watertight tension-free closure of urethra; 


(v) Closure in multiple layers with non-overlapping suture lines. 
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Fig. 3.9.2 Surgical approach to a proximal UD. (A) Patient placed in prone position. (B) Patient draped with ureteric and urethral catheters in place and vaginal walls 
retracted. (C) Diverticulum being excised. (D) Following removal of diverticulum, showing defect in urethra with exposed urethral catheter. (E) Martius flap and closure. 


Images reproduced courtesy of Professor Chapple. 


Postoperatively, the bladder is drained with a urethral catheter 
and a suprapubic catheter. These are left in situ for three weeks. 
The results of excision are generally very good with cure rates of 
over 70% reported.® In our experience, good cure rates have also 
been described (Fig. 3.9.3).2 An important preoperative consid- 
eration is the presence of stress incontinence (found in up to 50% 
of patients).?! Some advocate concomitant incontinence surgery,” 
whereas we favour a staged approach as resolution of symptoms 
may occur after excision and also as sling placement risks erosion.” 
Stress incontinence develops in up 16% of patients postopera- 
tively.” It is associated with the excision of larger, circumferential 
or saddlebag lesions, probably due to the risk of sphincter injury. 


Recurrence J 
Fistula I 
ISC 


Minor complications 


De novo SUI 


Urethrovaginal/vesicovaginal fistula occurs in up to 5% and is more 
likely if surgery is performed during active infection.’ Recurrence 
of UD may be associated with incomplete initial excision. Ureteric 
injury may occur during excision of large proximal UD, therefore 
ureteric stenting is advisable before excision of such lesions. Other 
complications include haematoma, urinary tract infection, and 
urethral stricture. 


Conclusion 


UD are an infrequently diagnosed (despite their apparently high 
prevalence) but important cause of LUTS in the female population. 
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Fig. 3.9.3 Outcomes of UD repair in a series of 69 patients. 
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Reprinted from European Urology Supplements, Volume 10, Issue 2, FA. Reeves et al, 956 Management of Symptomatic Urethral Diverticula—Single Centre Experience’, pp. 289-299, Copyright 


© 2011 European Association of Urology, with permission from Elsevier, http://www.sciencedirect.com/science/journal/03022838 


The presenting features are easily confused with other lower urin- 
ary tract pathologies, making diagnosis difficult; as such, a high 
index of suspicion is required to instigate the relevant investiga- 
tions. A post-voiding MRI is currently the optimal method of 
characterizing UD and provides excellent detail for preoperative 
planning. Excision with reconstruction is the recommended sur- 
gical approach and has good functional outcomes but is associated 
with a risk of significant complications, such as fistula formation 
and stress incontinence. 


Further reading 


Chou CP, Levenson RB, Elsayes KM, et al. Imaging of female 
urethral diverticulum: an update. Radiographics 2008; 
28(7):1917-30. 

Handel LN, Leach GE. Current evaluation and management of female 
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Lee JW, Fynes MM. Female urethral diverticula. Best Pract Res Clin Obstet 
Gynaecol 2005; 19(6):875-93. 

Patel AK, Chapple CR. Female urethral diverticula. Curr Opin Urol 2006; 
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Rovner ES. Urethral diverticula: a review and an update. Neurourol Urodyn 
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CHAPTER 3.10 


Faecal incontinence 


Keith Chapple 


Introduction to faecal incontinence 


Faecal incontinence is a common yet vastly under-reported con- 
dition with immense physical, psychological, and social impact on 
a patient's quality of life. The stigma associated with the condition 
means problems are frequently not volunteered, yet it frequently 
coexists with urinary incontinence and patients with both urin- 
ary and faecal incontinence will be commonly encountered in the 
urology clinic. 


Definition 


The condition is characterized by involuntary loss of solid faeces, 
liquid faeces, or flatus. It is subdivided into either passive incontin- 
ence (the passage of stool or flatus without the patient being aware) 
or urge incontinence (whereby a patient is aware of the need to 
defecate but cannot prevent the passage of faeces). Urgency’ refers 
to the state whereby a patient senses an immediate desire to defe- 
cate, with resultant urge incontinence if a toilet is not available. 
Lastly, ‘soiling’ (often also referred to as ‘seepage’ or ‘leakage’) refers 
to the passage of a small amount of faecal material from an individ- 
ual who is otherwise predominantly continent. 


Epidemiology 

The condition is much under-reported. Although men and women 
may be equally affected,! within surgical practice the condition is 
predominantly seen in women. There is a point prevalence of 2%! 
in the general population, with the incidence rising to 6-7% in the 
elderly and up to 20% in nursing and residential care homes.” 


Aetiology 


Continence of faeces depends on a number of factors including 
stool consistency, capacity, and compliance of the rectum; integ- 
rity and function of the anal sphincter mechanism (comprising 
the involuntary internal anal sphincter and the voluntary external 
anal sphincter); normal sensation of the anorectum and a normal 
rectoanal inhibitory reflex (the ‘sampling’ reflex). Disruption of 
any of these factors (neatly summarized as ‘brain, bowels, and bot- 
tom’) can lead to incontinence. A wide range of causes have been 
described and a full list is beyond the requirements of the practising 
urologist. In practical terms, the commonest causes are obstetric 
injury, pudendal nerve damage, and iatrogenic injuries from pre- 
vious anal surgery. Ultrasound evidence of anal sphincter defects 
has been noted in 30% of women undergoing vaginal delivery? and 
up to 80% of women undergoing forceps delivery.* Trauma to the 


pudendal nerve is commonly seen in conjunction with sphincter 
injury and results in denervation of the external anal sphincter and 
pelvic floor.5 Haemorrhoids may be associated with faecal incon- 
tinence, although incontinence problems following haemorrhoid 
surgery are not uncommon and a history of anal surgery should be 
elicited in all patients. Pelvic floor dysfunction is common to both 
urinary and faecal incontinence. Patients aged over 55 years, dia- 
betics, and those who have stress urinary incontinence or detrusor 
instability are at the highest risk for coexisting faecal incontinence.” 


Clinical features 


History 


The type of incontinence (passive or urge) helps to ascertain the 
likely cause—passive incontinence is suggestive of internal anal 
sphincter dysfunction, while urgency and urge incontinence are 
more suggestive of an external anal sphincter defect or reduced 
rectal capacity. The degree of soiling is commonly ascertained 
by the number of pads or clothing changes. A symptom diary is 
often helpful. The effect of the incontinence in the patient's social 
functioning is vital, as what is a minor degree of soiling to one 
patient may be devastating to another. Scoring systems such as the 
Cleveland Clinic system (see Table 3.10.1) have their limitations, 
but can be helpful in enabling an objective assessment of the incon- 
tinence severity and response to treatment. 

A recent change in bowel habit to a looser stool, rectal bleed- 
ing, or weight loss is suggestive of serious bowel pathology. Other 
important aspects include an obstetric history, especially with 
respect to tears or the use of instrumentation, previous pelvic 
radiotherapy, previous anal or pelvic surgery, and a drug history, as 
many commonly used drugs (metformin being a frequent culprit) 
are associated with diarrhoea and reduced anal function. 


Examination 


Following an abdominal examination, the patient is examined in 
the left lateral position with the perineum firstly observed at rest, 
then with the patient straining and subsequently squeezing the anal 
sphincter. Sphincter tone is assessed by inspecting for the presence 
of any ‘gape’ at rest. Digital rectal examination enables an assess- 
ment of whether the patient is constipated and has ‘overflow diar- 
rhoea, and also allows a further estimation of the resting anal tone, 
the length of the anal canal, and the presence and location of any 
sphincter defects. Squeezing the gloved finger gives an assessment 
of the function of the external anal sphincter. Proctosigmoidoscopy 
is then performed to assess for anorectal pathology such as pro- 
lapse, malignancy, inflammatory bowel disease, or haemorrhoids. 
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Table 3.10.1 The Cleveland Clinic (Wexner) scoring system for faecal incontinence: five parameters of faecal incontinence 
and their frequency are assessed, and the sum of these scores gives an indication of the degree of incontinence 


Never Rarely (less than Sometimes (less than Usually (less than Always (every 
once a month) once a week) once a day) day) 
Incontinence to gas 0 1 2 3 4 
Incontinence to liquid 0 1 2 3 4 
Incontinence to solid 0 1 2 3 4 
Need to wear pad 0 1 2 3 4 
Lifestyle alteration 0 1 2 3 4 


Reprinted from Springer and Diseases of the Colon and Rectum, Volume 36, Issue 1, pp. 77-97, J. Marcio N. Jorge, ‘Etiology and management of fecal 
incontinence’, Copyright © 1993 American Society of Colon and Rectal Surgeons with kind permission from Springer Science and Business Media. 


Investigations 


Although a flexible sigmoidoscopy or colonoscopy is often per- 
formed to exclude conditions such as inflammatory bowel disease 
or malignancy, the majority of patients can be treated without the 
use of specialized investigations. However, for those patients who 
fail to respond to initial measures, endoanal ultrasound provides a 
helpful assessment of anal sphincter anatomy and accurate iden- 
tification of any associated defects. It is commonly performed as 
a three-dimensional image (see Fig. 3.10.1). Anorectal physiology 
complements the ultrasound and provides an assessment of the 
functional capability of the anal sphincters and rectum. Common 
measurements include anal canal resting pressure and maximal 
squeeze pressures (indirect assessments of the internal and external 
anal sphincters respectively), the rectal capacity, and the presence 
of the rectoanal inhibitory reflex (which is absent in Hirschsprung’s 
disease). Assessment of the function of the pudendal nerve can 
also be performed using pudendal nerve terminal motor latency, 
although the accuracy of this is debatable and the measurement is 
less useful than previously thought. A defecating proctogram has 
not been part of the routine investigation of the faecally incontinent 


Fig. 3.10.1 Normal three-dimensional endoanal ultrasound image. The internal 
anal sphincter (black arrow) and external anal sphincter (white arrow) are shown. 
This investigation provides excellent detail of both normal anal canal anatomy and 
any associated defects in the anal sphincters. 

Images reproduced courtesy of Mr K Chapple. 


patient. However, it is useful in the assessment of intrarectal intus- 
susception, as some groups have proposed the importance of its 
finding as a cause of faecal incontinence.® 


Treatment 


Most patients undergo initial conservative intervention followed 
by surgery only when conservative options have been exhausted. 
There unfortunately remains only a limited evidence base support- 
ing the various treatment options. In part, this is because of the 
difficulty in assessing a successful outcome. Patients with the same 
objective outcome may have very different views on the success, or 
otherwise, of the treatment, and it is vital that outcome is assessed 
using a combination of continence scores, quality of life, and over- 
all patient satisfaction. 


Conservative 


Lifestyle changes are an obvious target for treatment but often prove 
unhelpful in providing effective long-term treatment. Obesity is a 
common risk factor, yet the limited studies investigating the effect 
of weight reduction on continence have yielded disappointing 
results.? Likewise, increased exercise is only of benefit in nursing 
home residents.!° Dietary change is often advocated by clinicians, 
although the evidence of benefit is limited.? ‘Biofeedback’ encom- 
passes a wide range of therapies and the actual techniques involved 
vary from centre to centre. Patients are trained on a sessional basis 
using anal manometry feedback to increase the strength of their 
anal sphincters. Pelvic floor exercises may also be incorporated into 
the programme. Although a commonly used intervention and hav- 
ing the undoubted benefit of allowing time with an understanding 
nurse/physiologist, its overall efficacy is uncertain.!! 

An antidiarrhoeal agent, such as loperamide, is used for patients 
with a loose stool and has the added effect of increasing anal sphinc- 
ter tone. It is often also helpful to add in a fibre supplement, as the 
anal sphincter may better control a large bulky motion than a loose, 
fluid stool. If urgency is a particular problem, low-dose amitrip- 
tyline helps by reducing rectal hypersensitivity. Ensuring an empty 
rectum is a common-sense method to alleviate faecal incontinence 
and in its simplest form involves the use of a suppository (com- 
monly glycerine or bisacodyl) after defecation. Rectal irrigation 
involves the introduction of a plastic tube into the rectum, through 
which tap water is irrigated to clear the rectum and distal colon of 
faeces. While it has efficacy in all faecally incontinent patients, its 
main advantage is seen in spinal injury patients. 1? 
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As well as its use in patients with overactive bladder, posterior tib- 
ial nerve stimulation has recently been used in faecal incontinence. 
Stimulation of the tibial nerve via a percutaneous electrode is per- 
formed over 12 sessions of 30 minutes each. Early results indicate a 
degree of efficacy, 1? although the long-term effect is unknown. 


Surgical 


Repair of a damaged external anal sphincter, commonly after 
obstetric injury, is still performed although concerns exist regard- 
ing its long-term efficacy. Primary repair is performed immediately 
after childbirth and involves apposition of the disrupted sphincter 
muscle with an end-to-end repair. Patients with an external anal 
sphincter defect greater than 90 degrees who present later (either 
due to a missed injury or failed primary repair) may undergo an 
elective repair, which is invariably performed using an overlapping 
technique. Short-term outcomes from both techniques are excel- 
lent.!4 Although there is a significant deterioration in continence 
scores over time, most patients remain satisfied with their out- 
come.!> Pelvic floor repair involves plication of the levator mus- 
cles and external anal sphincter. Although infrequently performed, 
individual centres have reported excellent results.!© The Malone 
antegrade continence enema is particularly valuable in those 
patients with poor colonic motility, particularly after neurogenic 
injury.!” The appendix is mobilized to create an appendicostomy, 
which is concealed in the umbilicus and through which the patient 
can irrigate to empty the colon. Passive faecal incontinence caused 
by internal anal sphincter dysfunction can be effectively treated by 
injections of anal bulking agents. !® 

For those patients with severe faecal incontinence, creation of 
an anal ‘neosphincter’ may be considered. Dynamic graciloplasty 
involves mobilization of the gracilis muscle which is then used to 
encircle the anal canal. The muscle is stimulated via an implanted 
stimulator and continence controlled using an external magnet to 
allow evacuation. Experience with artificial anal sphincters has 
been variable. A balloon is placed around the distal rectum and 
inflation/deflation controlled by a subcutaneous reservoir activated 
by the patient. There is considerable morbidity and explantation of 
the device due to infection is a commonly encountered problem. 1° 

Sacral neuromodulation has provided the biggest impact into the 
management of faecal incontinence in recent years. Identical to the 
procedure used in urological practice, it provides an improvement 
in symptoms and quality of life for the majority of faecally incon- 
tinent patients.” Originally used only for patients with an intact 
anal sphincter, indications have widened with good results achiev- 
able despite the presence of pudendal neuropathy,”! external anal 
sphincter defects of up to 120 degrees,”* or previous anal sphincter 
repair.”! Lastly, a stoma is often (and wrongly) seen as a last resort 
or even as a failure of other treatment modalities. However, for the 
patient with severe, disabling faecal incontinence, it provides suc- 
cessful control of symptoms, resumption of normal activities, and 
an improved quality of life.?324 


Conclusion 


Patients with faecal incontinence are common and will be fre- 
quently be encountered by the urologist. The condition carries 
more of a social stigma than urinary incontinence and the problem 
will often not be volunteered by the patient and must be actively 
sought. A wide and increasing range of treatments are available, 


with improvements in continence levels and quality of life possible 
in all patients. 
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CHAPTER 3.11 


Urinary retention in women 


Clare J. Fowler and Jalesh N. Panicker 


Introduction to urinary retention in women 


If a young woman in complete urinary retention is investigated and 
all urological and neurological investigations are found to be nor- 
mal, the commonest diagnosis then made is ‘Fowler’s syndrome’ 
(FS). Described by Fowler et al. in 1987, the original syndrome 
comprised of complete urinary retention with the finding of a par- 
ticular pattern of electromyographic (EMG) activity recorded with 
a concentric needle electrode from the striated urethral sphincter, 
in a young woman with clinical features of polycystic ovaries.! Prior 
to this, much had been written about ‘psychogenic urinary reten- 
tion in women and medical opinion was that urinary retention in 
young women was due to ‘hysteria.*-4 Twenty-five years on, the 
situation now seems to be that if neither the neurologist nor urolo- 
gist can discover an underlying abnormality, the woman may be 
told she has Fowler’s syndrome without any positive identification 
of that condition. However, in a series of women presenting with 
retention and investigated in the Department of Uro-Neurology at 
The National Hospital for Neurology and Neurosurgery, University 
College London Hospitals (UCLH), only about one-third are con- 
firmed as having FS (Fig. 3.11.1).° The remainder of this chapter 
amplifies the clinical features, describes the laboratory investiga- 
tions that are used to confirm the diagnosis, and discusses the dif- 
ferential diagnosis of FS. 


Clinical features of Fowler’s syndrome 


Table 3.11.1 presents the characteristic features of FS.° The typ- 
ical description is of a young woman postmenarche who is unable 
to void, presenting with painless urinary retention. Women with 
the condition are often found to have post-void residual volumes 
exceeding 1 L at some stage and although they may experience pain 
rarely do they report urgency, which would be expected at such a 
large bladder capacity. For this reason, they can go for long inter- 
vals without emptying their bladder. Straining while attempting to 
void does not help with bladder emptying. 

Women with FS often report an antecedent event prior to the 
onset of urinary retention. This can often be an obstetric, gynae- 
cological, or urological surgical procedure using regional or gen- 
eral anaesthesia. The procedure may be distant from the pelvis, and 
relatively minor such as a tooth extraction, suggesting that the gen- 
eral anaesthetic may be the significant factor. Some women report 
a history of poor voiding including an interrupted flow before the 
onset of retention, with women noticing it takes them longer to 
pass urine than others. Although not a troublesome feature it is 
an important part of the history as it is indicative of a pre-existing 
abnormality. It is unclear why a transient event such as a general 
anaesthetic triggers off urinary retention which then remains unre- 
solved, however this has undoubtedly been the source for litigation. 


Fowler's syndrome 


Fowler's syndrome + opiates 
E Cause undetermined + opiates 


Œ Cause undetermined 


CIPO 


H CIPO + opiates 


Postoperative + opiates 


Postoperative 


Fig. 3.11.1 Causes for urinary retention in a series of women presenting in the Department of Uro-Neurology at The National Hospital for Neurology and Neurosurgery, 


University College London Hospitals. 


Reprinted from The Journal of Urology, Volume 188, Issue 2, Panicker JN et al, ‘The Possible Role of Opiates in Women with Chronic Urinary Retention: Observations from a Prospective Clinical 


Study’, pp. 480-484, Copyright © 2012, with permission from Elsevier, http://wwwsciencedirect.com/science/journal/00225347 


Table 3.11.1 Essential features of Fowler’s syndrome 
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Key features Comments 


Female 


The condition has never been found in young men with retention 


Aged between onset of menarche and menopause 


The peak age of onset is 26 


neurological disease 


o evidence of urological, gynaecological, or It is important that other possible causes of urinary retention have been excluded by a urologist and/or 
neurologist, ideally by a cystoscopy and an MRI of the brain and spinal cord 


Retention with a volume more than >1,000 mL 


Retention of volumes less than 1 L are unlikely to turn out to be due to Fowler's syndrome 


o sense of urinary urgency despite high bladder 
volumes 


This is a striking feature of the condition, despite having more than 1 L in the bladder these girls do not 
have the sense of urgency one might expect. There may be extreme discomfort, but not urgency 


Straining does not help emptying 
emptying 


This is also a key feature of the condition. Most girls have tried ‘bearing down’ but not found it helped 


Sense of ‘something gripping’ or difficulty on removing 


the catheter which has been used for urinary drainage with FS 


This probably contributes to the discomfort of self catheterization, which can be quite a problem for girls 


No history of urological abnormalities in childhood or 
associated abnormalities of the urinary tract 


A history of bladder troubles going back into childhood needing urethral reimplants and so on probably 
indicates some other underlying abnormality of the bladder and urinary system. Possibly ‘amyopathy’, 
although this has not been proved yet 


Association with polycystic ovarian syndrome and 
endometriosis 


Clinical features of PCO (i.e. hirsutism and acne) were quite prominent in some of the early cases, and 
although this association does not seem to be inevitable, it was this observation that gave rise to the 


concept that the problem is hormonally determined 


FS: Fowler's syndrome. 


Adapted from Fowler's Syndrome, What is Fowler's Syndrome, Copyright © Professor Clare J. Fowler, available from http://www.fowlersyndrome.co.uk/01-what-is-fowlers-syndrome, with 


permission from Professor Clare J. Fowler. 


When introduced to clean intermittent self catheterization, 
women often find this painful, particularly on withdrawing the 
catheter, and may complain of a sensation of ‘something gripping. 
The reader is referred to the website http://www.fowlersyndrome. 
co.uk/ which provides more information about FS.” 


Investigations 


Filling cystometry most often demonstrates a large capacity blad- 
der with delayed or absent sensations. Filling is often stopped at 500 
mL on grounds of safety, although the women’s capacity is much 
greater. The patient is then unable to pass urine and so the con- 
clusion is reached from the urodynamics that the woman has an 
‘acontractile’ or ‘areflexic’ detrusor. 


Sphincter electromyography 


Concentric needle EMG of the urethral sphincter is diagnostic, 
and detects characteristic abnormal activity. The EMG activity may 
sound superficially like myotonia, however detailed analysis shows 
that the characteristic sound is due to a decelerating component 
of a complex repetitive discharge.’ The sound from a number of 
generators of this type of activity is likened to that of underwater 
recordings of whale songs. Complex repetitive discharges may be 
recorded without deceleration, and produce a sound similar to 
helicopters over the audio-amplifier of the EMG machine. Jitter is 
so low when components of the complex repetitive discharges are 
analysed, suggesting that it must be due to ephaptic transmission 
between muscle fibres which is generating repetitive and circuitous 
self-excitation.? It is thought that this abnormal activity prevents 
sphincter relaxation, causes an abnormally high urethral pressure, 
and results in voiding dysfunction or urinary retention.” 


Urethral pressure profile 


The maximum urethral closure pressure (MUCP) is typically found 
to be elevated with resting values above 100 cm of water measured 
in women with FS.° The formula of 92-age (in years) is used to 
derive the expected pressure.”!° 


Urethral ultrasound 


Transvaginal ultrasonography may be used to measure the vol- 
ume of the sphincter and may detect the hypertrophy of the mus- 
cle resulting from sustained overactivity, however the test is highly 
subjective. !!-!? The test does allow the opportunity for the sphincter 
and urethra to be carefully examined and possibly identify other 
causes for retention such as a urethral diverticulum.” 


Association with polycystic ovary 


Many of the women reported in the original description of FS, were 
observed to be hirsute, obese, and to have menstrual irregularities, 
and it was thought there was a clinical association with polycystic 
ovaries.! The extent of this association is still poorly understood, 
and although the coincidence of polycystic ovary (PCO) and reten- 
tion is by no means inevitable, a hormonal basis for the EMG 
abnormality seems likely.” 


Sacral neuromodulation 


The only treatment that has been found to restore voiding in 
women with FS is sacral neuromodulation (SNM). Of a cohort of 60 
women undergoing percutaneous nerve evaluation and subsequent 
implant, 70% were voiding spontaneously when followed up, with a 
mean interval of seven years.!> This is in line with the findings from 


305 


306 


SECTION 3 FUNCTIONAL AND FEMALE 


other centres of the longer-term efficacy of SNM as a treatment for 
non-obstructive retention; van Voskuilen et al. showing 76.2% effi- 
cacy at 70.5 months! and Elhilali et al. showing efficacy of 78% at 
77 months.!> De Ridder and colleagues showed that women with 
urinary retention and having an abnormal result in the sphincter 
EMG test had a better outcome with SNM at five years.!° 

The mechanism of action is uncertain; however, it is thought that 
stimulation reinforms sensory parts of the brain and allows the blad- 
der to be ‘switched on’ again. Using functional brain imaging it was 
possible to show using both PET (position emission tomography) 
and fMRI (functional magnetic resonance imaging) that the periaq- 
ueductal grey (PAG) in the midbrain, a centre that receives sensory 
signals from the bladder, becomes activated in women with Fowler's 
syndrome when the stimulator is switched on. This seems to be linked 
to the patient's report of a return of sensations of bladder fullness.” 17 


Opiates, Fowler’s syndrome, and response 
to neuromodulation 


Recently, a strong association with opiates and the onset of uri- 
nary retention is something that has become apparent. An increas- 
ing number of young women with urinary retention were taking 
prescription opiates for pain relief and indeed, in a series of 62 
women coming to our clinic with retention, about one-third— 
see Figure 3.11.1—were taking some form of opiate pain killer,’ 
including tramadol, pethidine, morphine (Morphgesic SR, MXL, 
Zomorph, MST, MXL, Sevredol, Oramorph), or Fentanyl. The 
common scenario was the prescription of the medication at a pain 
clinic for chronic back pain and or some other skeletal or pelvic 
pain, often attributed to endometriosis. Of all the women in this 
series, one-third did have FS but a quarter of the women were tak- 
ing opiate medications.” 


Hypothesis—is Fowler’s syndrome the result 
of spinal cord intoxication by enkephalins? 


The abnormal sphincter EMG activity (cause unknown) is likely 
causing neurotransmitter changes in the spinal cord, which are 
brought about by the effect of naturally occurring opiates—the 
body’s endorphins or enkephalins. Endorphins play an important 
role in neural signalling throughout the nervous system and play a 
role in bladder control. The most recent hypothesis is that Fowler’s 
syndrome is the result of spinal cord intoxication by enkephalins 
(Fig. 3.11.2). These have the effect of suppressing sensations from 
the bladder and inducing detrusor areflexia. In fact, the bladder 
of a woman with FS shares many characteristics with the effects 
observed in individuals taking opiates.’ 

The response to sacral neuromodulation of urinary retention 
in FS has been found to be good—and recent analysis somewhat 
surprisingly showed the response was equally good whether the 
women had pure FS, had opiate induced retention, or had labora- 
tory features of FS and also taking opiates. The logical conclusion 
from this observation is that sacral neuromodulation counteracts 
the excessive spinal levels of endorphins through release of a coun- 
teracting and as-yet unidentified neurotransmitter. This probable 
explanation has resulted in the widespread practice of using the 
first stage of sacral neuromodulation to assess whether or not the 
patient’s retention is responsive to the procedure without further 
investigations. 
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Fig. 3.11.2 Most recent hypothesis that Fowler's syndrome is the result of spinal 
cord intoxication by enkephalins. 

Reproduced from Fowler's Syndrome, Spinal Cord Intoxication by Encephalins, Copyright © 
Professor Clare J. Fowler, available from http://www.fowlersyndrome.co.uk/09-spinal-cord- 


intoxication-by-encephalins/, with permission from Professor Clare J. Fowler. 


Other causes of urinary retention 


Table 3.11.2 lists the causes for urinary retention in women. 
Structural causes for urinary retention are rare in women. Bladder 
outlet obstruction is extremely rare, however extrinsic lesions can 
result in urethral obstruction, including diverticula, uterine and 
cervical fibroids, and cysts of the vaginal wall. 

Functional urinary retention is associated with neurological dis- 
ease, and in most instances, urinary symptoms are accompanied 
by other neurological symptoms and signs. Spinal cord disease 
usually manifests with the combination of incomplete emptying of 
the bladder and detrusor overactivity, and urgency incontinence 
is usually the prominent symptom. Retention may occur, how- 
ever, following acute spinal cord injury during the stage of ‘spinal 
shock’ that results in detrusor acontractility, lasting some weeks. 
However, other neurological features will readily be apparent in the 
clinical examination, or tests such as MRI of the spine and lower 
limb-evoked potentials. Voiding difficulties, and urinary retention, 
are a prominent feature in patients with lesions of the conus medul- 
laris, or following damage to the cauda equina. Small nerve fibre 
involvement occurs in diabetic or amyloid neuropathy, resulting 
in incomplete bladder emptying or complete retention. Retention 
may occur in the condition of pure autonomic failure, or follow- 
ing surgical damage to the ganglia and postganglionic fibres during 
radical pelvic surgery. 

Incomplete bladder emptying is a feature of one of the Parkinson- 
plus syndromes, multiple system atrophy. An increasing post-void 
residual volume is demonstrated as the disease progresses and 
patients may go into complete retention.!® 

Medications are an important cause, especially opiates, as already 
discussed.° Chronic idiopathic pseudo-obstruction (CIPO) is a rare 
syndrome characterized by the gross distension of (predominately) 
the small bowel without any anatomical or mechanical obstruction, 
and bladder dysfunction has been reported in up to 10-69% of 
patients.!°-?! Urodynamic tests reveal changes, including detrusor 
hypocontractility.”9 


Table 3.11.2 Causes for urinary retention in women 


CHAPTER 3.11 URINARY RETENTION IN WOMEN 


Structural Tumours Leiomyomas, vaginal wall, or urethral cysts 
Urethral diverticulum 
Urogenital prolapse 

Functional 


Neurological causes 


Detrusor external sphincter dyssynergia and poorly sustained 


detrusor contraction 


Spinal cord disease 


Detrusor areflexia or hypocontractility 


Multiple system atrophy 


Lesion of conus medullaris or spinal roots (conus medullaris) 


Pure autonomic failure 


Radical pelvic surgery 


Small fibre neuropathy: diabetes, amyloidosis 


Meningitis retention syndrome 


Non-neurological causes 


Primary failure of urethral sphincter relaxation 


Fowler's syndrome 


Medication 


Opiates 


Drugs with anticholinergic activity 


Chronic idiopathic pseudo-obstruction (CIPO) 


Reprinted with permission from Clare J. Fowler, Jalesh N. Panicker and Anton Emmanuel, (Eds.), Pelvic Organ Dysfunction in Neurological Disease, Cambridge University Press, Cambridge, UK, 


Copyright © 2010 Cambridge University Press. 
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CHAPTER 3.12 


Spinal cord injury 


Simon C.W. Harrison 


Introduction to spinal cord injury 


Estimates of the incidence of spinal cord injury (SCI) for Europe 
are between 10 and 30 per million population per year.! Added to 
this number are patients with spinal cord damage resulting from 
medical catastrophes such as acute intervertebral disc prolapse, 
spinal abscess, and spinal cord vascular accident. An injury to the 
spinal cord has a profound, life-changing impact on the affected 
person. The SCI will affect mobility, dexterity (if the lesion is high), 
and sensation but will also impact on urinary, bowel, and sexual 
function in the large majority of cases. 

Over the last 70 years there has been a transformation in the 
prognosis for a person who sustains SCI from a situation where 
there were almost no long-term survivors to one where life expect- 
ancy for a 25-year-old, who is rendered a complete tetraplegic, 
is over 30 years; the equivalent figure for a paraplegic is nearly 
40 years.” The introduction of holistic care in spinal cord injury 
centres, pioneered by Munro and Guttmann, was a key factor in the 
improvement in outcomes.’ Progress in urinary tract management 
has been the result of many developments which include: access 
to effective antibiotics; improvements in catheter and appliance 
design and manufacture; the introduction of clean intermittent 
self-catheterization (CISC); the development of a urodynamic- 
based understanding of the pathophysiology of SCI; and the use 
of urinary tract surveillance within long-term follow-up regimes. 

Successful management of SCI includes the minimization of sec- 
ondary spinal cord damage, treatment of the injury to the vertebral col- 
umn, treatment of associated injuries (head, chest, abdominal, pelvic, 
and limb), the prevention of secondary complications, and rehabilita- 
tion. Rehabilitation has been defined as ‘an active, time-limited col- 
laboration of a person with disabilities and professionals, along with 
other relevant people, to produce sustained reductions in the impact 
of disease or disability on daily life. The management of urinary tract, 
bowel, and sexual dysfunctions should be integrated into the overall 
care of the SCI patient through multidisciplinary collaboration. 


Pathophysiology 


The lower urinary tract (LUT) and genital tract receive their innerv- 
ation from autonomic and somatic centres in the spinal cord but are 
dependent on the interaction of these spinal centres with the brain in 
order to function normally.’ Spinal tracts connect the spinal centres 
with the brain. Injuries to the spinal cord will have different impacts 
on urinary and sexual function, depending on whether the spinal 
centres themselves are destroyed or whether the centres are pre- 
served but the connecting pathways to higher centres are damaged. 
It is important to appreciate that some spinal cord injuries lead 
to the complete destruction of the cord across one or more spinal 


levels (a complete SCI) while other injuries are incomplete, with 
preservation of some of the spinal tracts and therefore some sensa- 
tion and/or voluntary motor function. Consideration can now be 
given to the effects of different injury patterns to the spinal cord. 


Complete injury involving the conus medullaris 


The conus medullaris (conus) is the region at the tip of the spi- 
nal cord that includes the sacral segments of the cord. It lies at the 
thoracolumbar region of the vertebral column, with the cord itself 
ending at the L1, 2 vertebral level. The S2, 3, 4 segments contain 
the sacral parasympathetic nucleus and Onuf’s nucleus; the latter 
contains the anterior horn cells supplying the striated muscle of 
the external urethral sphincter (rhabdosphincter). Somatic sensory 
and motor nerves enter and exit the spinal cord from the pudendal 
nerve, while the pelvic nerve carries sensory and motor parasym- 
pathetic nerves. 

Destruction of the conus can arise from direct trauma or because 
of an injury higher in the spinal cord causing infarction distally. 
The effects of such a lesion are: 


Loss of sensation in the sacral dermatomes, including the 
perianal area. 


+ Flaccid paralysis of the pelvic floor musculature and reduced anal 
tone. There will be absent conus reflexes which include the anal 
skin reflex and bulbo-anal reflexes, which are elicited by stimu- 
lating the perianal skin or glans penis and observing a contrac- 
tion of the anal sphincter. 


+ The detrusor is areflexic with neither voluntary nor reflex con- 
tractions being seen.” 


Reduced bladder compliance is seen in some cases due to a loss 
of receptive relaxation of the detrusor (Fig. 3.12.1).%7 


+ The normal sense of bladder filling is lost although some aware- 
ness of a full bladder is often present. 


+ The striated element of the external urethral sphincter is para- 
lysed. Stress incontinence is usually present, but complete 
incontinence is generally avoided due to the residual tone in 
the smooth muscle component of the external urethral sphinc- 
ter (termed ‘non-relaxing urethral sphincter obstruction) 
(Fig. 3.12.2).8 


+ There is loss of urethral sensation. 


+ Reflex erections and ejaculation in response to penile stimulation 
are absent.?-!! 


+ Psychogenic erection and psychogenic emission may be present 
if the spinal level is below L2 because the sympathetic innerv- 
ation to the genitalia is intact. 1112 
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Fig. 3.12.1 Urodynamic trace showing reduced bladder compliance (the black trace records the filling rate). There is a progressive increase in detrusor pressure (Pdet) 
with filling, which stops immediately as filling ceases. 


Complete injury with intact conus medullaris autonomous cord). This allows the LUT and genitalia to exhibit 
(supraconal injury) activity based on spinal reflexes. Typical features of an established 


Tare: 
If there is a complete spinal cord transection above the level of supeiconal SCT ete 


the conus and the conus remains intact, the distal segment of the  * Loss of sensation below the SCI level which will include the 
cord is functional but disconnected from the brain (the distal sacral dermatomes. 


Fig. 3.12.2 Videourodynamic images showing the appearance of detrusor sphincter dyssynergia (left) with a long segment of urethral closure due to contraction of the 
rhabdosphincter; the prostatic urethra bulges open above the obstruction. On the right is an example of the short length of urethral occlusion seen with non-relaxing 
urethral sphincter obstruction where the occlusion is due to residual activity in the external urethral sphincter’s smooth muscle component. 
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Fig. 3.12.3 Urodynamic trace showing onset of neurogenic detrusor overactivity at four minutes with a prolonged saw-tooth pattern that is typical of detrusor 


+ Spastic paralysis of skeletal muscle below the injury level with 
increased muscle tone and brisk reflexes. Anal tone will be nor- 
mal and conus reflexes will be intact. 


A bladder which contracts in a reflex manner in response to fill- 
ing (neurogenic detrusor overactivity, NDO).67 Bladder compli- 
ance is usually normal. 


A loss of the normal sensation of bladder filling but some aware- 
ness of a full bladder is often present. 


The bladder neck and urethral sphincters are competent during 
bladder filling; urethral guarding reflexes prevent stress inconti- 
nence from occurring. Active contraction of the striated sphinc- 
ter occurs in response to reflex bladder contractions (detrusor 
sphincter dyssynergia, DSD) (Figs 3.12.2 and 3.12.3). 


There is loss of urethral sensation. 


Reflex erections will occur in response to physical stimulation 
of the penis but are lost as soon as stimulation is discontin- 
ued. Psychogenic erections can also occur if the level of SCI is 
below L2.°-11 


Reflex ejaculation can occur if the lesion is above T11 but will 
often only occur with a strong penile stimulus (e.g. provided by a 
medical-grade vibrator).!! 


sphincter dyssynergia. The second fill at 14 minutes produced a much shorter period of bladder contraction (the thick red trace is the filling rate). 


patients will have a return to essentially normal LUT and sexual 
function, most will not.13 Importantly, some patients who consider 
themselves to have no significant LUT symptoms are found to have 
grossly abnormal function on urodynamic assessment. 

Many patients with incomplete SCI have a patchy preservation of 
both sensory and motor function below their injury level. However, 
others have a functional pattern which corresponds to a specific 
clinical syndrome: 


+ An anterior spinal cord syndrome is seen where there is an injury 
that leads to infarction of a segment of cord in the distribution 
of the anterior spinal artery. This spares the dorsal columns and 
leads to a complete motor lesion with preservation of touch sen- 
sation and proprioception. 


+ True hemi-section of the cord is only seen with penetrating inju- 
ries but features of the Brown-Séquard syndrome are also seen 
in patients whose SCI is markedly asymmetrical. The syndrome 
comprises loss of motor power, touch, and proprioception on the 
ipsilateral side to the cord lesion with loss of pain and tempera- 
ture sensation on the contralateral side. Voluntary voiding may 
be preserved. 


+ A central cord syndrome is typically seen in an older person 
who suffers a hyperextension injury to the neck, often without 
a vertebral fracture. The cord is ‘nipped’ in a spinal canal that is 
already narrowed by degenerative changes. This leads to dam- 


Incomplete spinal cord injury lesions 


The majority of patients who sustain damage to the spinal cord 
have incomplete cord lesions with some preservation of sensory 
or motor function distal to the level of injury. While some such 


age to the central part of the cord and results in marked sensory 
and motor deficits in the upper limbs with better preservation of 
lower limb function. Such patients may have relatively normal 
LUT function. 
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Most patients with incomplete SCI have NDO but with some pre- 
served urethral sphincter function which allows a degree of volun- 
tary control over voiding. Other patterns of LUT dysfunction occur 
and sexual function is variable. 


Spinal shock, the development of reflex activity, 
and autonomic dysreflexia 


Immediately following a supraconal SCI, there is a severe depres- 
sion of spinal reflex activity in the distal autonomous cord.!* This 
post-injury phase is spinal shock and is characterized by: 


+ Flaccid paralysis of skeletal muscle below the injury level. 


+ An absence of reflex bladder and bowel activity leading to uri- 
nary retention and constipation. 


+ A lack of sympathetic activity producing reduced peripheral 
vascular resistance and reduced blood pressure. Unbalanced 
vagal activity can lead to bradycardia, or even cardiac arrest, in 
response to stimuli such as intubation. 


¢ Transient penile engorgement due to loss of vasoconstriction in 
the cavernosal arteries. 


Reflex activity returns over a period of time, which can vary 
between days and months. Typically, bladder reflex contractions 
develop at between four and six weeks. !4 Reflex activity strengthens 
over time; skeletal muscle spasms triggered by minor stimuli can 
become problematic. 

The development of autonomic reflexes within the distal autono- 
mous cord affects control over peripheral vascular resistance. The 
syndrome of autonomic dysreflexia is a potentially fatal prod- 
uct of disordered spinal sympathetic reflex activity.5 A noxious 
stimulus, which can be somatic or visceral, feeding into the distal 
autonomous cord results in a mass sympathetic reflex response and 
consequent vasoconstriction. In low spinal lesions, the increased 
peripheral resistance can be compensated by vasodilatation in the 
body that is normally innervated above the injury level. However, 
with a spinal lesion at T6 and above, the vascular system that is 
subject to sympathetic overactivity includes the splanchnic ven- 
ous bed. Vasoconstriction leads to increased venous return which 
raises cardiac output to an extent that cannot be compensated, for 
example by vagally induced bradycardia. Acute hypertension is the 
inevitable result. 

Autonomic dysreflexia can result in dramatic increases in blood 
pressure with symptoms of headache and anxiety. Its treatment 
involves removal of the triggering stimulus (for example, by drain- 
ing a distended bladder), which results in a rapid resolution of the 
crisis. If a surgical procedure is to be carried out on a patient who is 
at risk of autonomic dysreflexia, a spinal anaesthetic will eliminate 
the risk, while a general anaesthetic will provide a measure of con- 
trol over blood pressure fluctuations. 


Secondary changes to urinary tract function 


The pathophysiological effects of an SCI on LUT function depend 
on the primary changes in neurological control, which have been 
discussed above, and the impact of secondary changes. Examples of 
such changes include: 


+ Secondary neurological changes such as those caused by post- 
traumatic syringomyelia. A descending syrinx that extends into 
the conus has the capacity to disrupt sacral reflex activity with 
a loss of reflex erections and bladder contractions.!® Disruption 


of the urethral sphincter guarding reflexes can cause stress 
incontinence. 


+ A bladder that is managed by reflex voiding into a penile sheath 
system will develop detrusor hypertrophy and fibrosis if DSD 
causes marked bladder outflow obstruction. These changes can 
lead to the development of impaired bladder compliance and/or 
vesicoureteric reflux. 


+ Long-term catheterization using continuous free drainage can 
result in a small, poorly compliant bladder.!” If a urethral, rather 
than a suprapubic, catheter is used, there is a risk that catheter- 
induced urethral sphincter damage will occur with the develop- 
ment of stress incontinence. 


Classification systems 


The international standard for classifying cord injuries has been 
developed by the American Spinal Injury Association (ASIA).!® 
The classification defines the neurological level of injury as the 
most caudal spinal level with intact sensation and antigravity mus- 
cle strength. The second element is an impairment scale which runs 
from a complete loss of sensation and motor function in the sacral 
segments (grade A = complete) to grade E (normal), where there 
has been a full motor and sensory recovery. 

There is no single accepted classification of neurogenic LUT dys- 
function. However, Rickwood!9 set out a simple system which is of 
practical value. Three groups are defined as: 


+ Contractile bladder: neurogenic detrusor overactivity is present 
and there is no urodynamic stress incontinence. This group 
includes patients with supraconal SCI. 


+ Acontractile bladder: neurogenic detrusor overactivity is not pre- 
sent but some degree of urodynamic stress incontinence is pre- 
sent. Patients with complete conus SCI fall in this group. 


+ Intermediate bladder: neurogenic detrusor overactivity and uro- 
dynamic stress incontinence are present in combination. A small 
number of SCI patients with incomplete SCI that involve the 
conus fall in this group but intermediate bladder dysfunction is 
common in patients with myelomeningocoele. 

Reprinted from Rickwood AMK, ‘Neuropathic bladder in childhood; in Mundy AR, 


Stephenson TP, and Wein AJ. (Eds.), Urodynamics: Principles, Practice and Application, 
Churchill Livingstone, UK, Copyright © 1994, with permission from Elsevier. 


Early urological management 


Following an SCI there is almost inevitably a phase of urinary 
retention either due to spinal shock or conus damage, depending 
on injury level. An indwelling urethral catheter is used to prevent 
bladder overdistension. Particular care is needed in managing the 
catheter as absent genital sensation can mean that tension on a 
catheter goes unnoticed, allowing urethral erosion to occur with 
the associated risk of urethral sphincter damage (Fig. 3.12.4). 
A urethral catheter may remain in place during the first weeks 
following injury while the patient’s spinal trauma is being treated 
either by surgical spinal stabilization or by immobilization; other 
injuries may also require attention because of head, chest, or limb 
trauma. 

Once the patient’s condition is stable, a decision is made, in dis- 
cussion with the patient, about the next phase of LUT management. 
There are three options that can be considered: 
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Fig. 3.12.4 Damage caused by a urethral catheter with catheter-induced hypospadias in the male (left) and complete urethral destruction of the female urethra (right); 


the retractors are positioned in the bladder neck which is wide open. 


+ Trial without catheter (TWOC). For patients with an incomplete 
SCI, there may be sufficient preserved neurological function to 
suggest that there will be retained voluntary control over the 
LUT. A TWOC is undertaken once the patient is mobilizing. 


+ Intermittent catheterization (IC). This can be introduced with one 
of two aims. Firstly, in patients who are likely to be able to man- 
age CISC, the aim will be to establish the patient on IC with the 
option of using CISC as long-term management or converting to 
another management system. Secondly, nurse-performed IC can 
be introduced in men who will not be able to manage CISC but 
who are likely to develop reflex voiding and may go on to use a 
penile sheath collection system. 


+ Suprapubic catheterization. For patients who will require long- 
term indwelling catheterization, such as women with tetraplegia, 
a suprapubic catheter (SPC) is inserted at an early stage to pre- 
vent urethral complications. The option of using a catheter valve 
is discussed with the patient. 


As the patient progresses through rehabilitation, additional inter- 
ventions might be needed. For example, a patient on CISC might 
start to develop incontinence due to reflex bladder contractions 
(NDO) and be treated with antimuscarinic drugs, or a patient with 
a SPC might need treatment for recurrent catheter blockages. 


Urodynamic investigations 


Towards the end of a patient’s SCI rehabilitation (usually between 
four and nine months post-injury), videourodynamic investiga- 
tions are performed in order to inform discussions about long-term 
LUT management and to identify patients who might be at a high 
risk of developing renal complications. 

Urodynamic studies in SCI patients are carried out with attention 
to specific technical issues: 


+ Radiological screening is aided by the patient standing if they are 
able; otherwise the test is carried out supine using a pipe to carry 
urine to the flow meter (Fig. 3.12.5). 


+ Consider giving prophylactic antibiotics.?° 


Only drain the residual urine if the patient is known to empty 
their bladder fully (e.g. they are on CISC). 


+ Fill rates may need to be modified. Slow fill (10 mL/min) in small 
capacity bladders, otherwise use medium fill (e.g. 40 mL/min). 


+ Demonstrating stress incontinence can be difficult as patients 
may not be able to cough or strain; use suprapubic pressure if 
necessary. 


The result of the urodynamic assessment allows a list of manage- 
ment options to be drawn up and discussed with the patient. This 
process is discussed below. 

Urodynamic investigations also have a role in assessing the risk 
of renal deterioration from hydronephrosis or scarring. However, 
there is no substantial data in adult patients that allows the risk 
from a particular urodynamic finding to be defined. For example, a 
single fill-void cycle may not be representative of the patients usual 
LUT function. This is particularly true of NDO and DSD where a 
prolonged bladder contraction with high detrusor pressures due to 
persistent DSD may be seen on one void, but not after a second fill. 
Furthermore, in patients with reduced bladder compliance, the cal- 
culated value (in mL/cmH,O) will vary with fill rate and at differ- 
ent points on the detrusor pressure trace. Despite these limitations, 
urodynamic studies do provide some indication as to whether a 
patient is at added risk of complications and in need of a change in 
management or closer surveillance. Features that are suggestive of 
upper tract risk include: 


Reduced bladder compliance where the patient is exposed to 
prolonged periods of raised detrusor pressure as a result of their 
management regime. A patient in whom the pressure only starts 
to increase towards the end of a 400 mL fill is unlikely to be at risk 
if they empty fully with CISC and rarely hold more than 400 mL. 
However, if the same patient often fills to 600 mL and empties 
by straining, leaving a residual of 200 mL, they will be at risk of 
developing hydronephrosis. 


+ High-pressure NDO (e.g. over 60 cmH,O) with prolonged epi- 
sodes of DSD has the potential to cause hydronephrosis in the 
patient who is using reflex voiding into a penile sheath system. 
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Fig. 3.12.5 A length of drainage pipe can be used to carry urine from the penis to the flow meter during urodynamic studies that must be performed in 


the supine position. 


+ Vesicoureteric reflux can be associated with the development of 
hydronephrosis or renal scarring, particularly if there are epi- 
sodes of increased detrusor pressure during bladder filling or 


emptying.?! 


Long-term care: Urological management 
systems 


On completion of rehabilitation and, for supraconal injury patients, 
when spinal reflex activity is fully established, the patient and 
clinical team will be in a position to make decisions regarding 
long-term management of the urinary tract. From the patients per- 
spective, this revolves around how they are to empty their bladder: 


+ Voiding under voluntary control. This option is likely to be used 
by two groups of patients. Firstly, those with an incomplete SCI 
and sufficient sensation and preservation of coordinated mictur- 
ition to return to normal or near-normal LUT function. They 
might require additional treatments if they have symptoms. For 
example, urgency due to NDO might be managed with antimus- 
carinic drugs and incomplete bladder emptying by occasional 
CISC. Secondly, patients with conus injuries may be able to 
empty by straining. This is acceptable if straining is not excessive 
and if their urethral sphincter weakness enables them to empty 
effectively, but is not so severe that stress incontinence becomes 
troublesome. 


+ Intermittent self-catheterization. In practical terms, this is an 
option that is available to paraplegic patients and highly moti- 
vated tetraplegics who have some residual hand function. If 
urethral catheterization is impractical due to limited hand func- 
tion, problems with toilet transfers or discomfort, the option of 
creating a continent, catheterizable abdominal conduit for CISC 
can be considered.”? The patient who uses CISC to empty their 


° 


bladder will wish to be reliably continent and to have adequate 
storage function to avoid overly frequent catheterization. Many 
patients will need to have additional treatment for NDO, reduced 
compliance, or stress incontinence in order to satisfy these 
requirements. 


Containment of incontinence. This approach is most commonly 
applied to men with supraconal lesions whose bladders empty 
well as a result of reflex contractions (NDO) and who can suc- 
cessfully use a penile sheath system. If DSD is excessive, an exter- 
nal urethral sphincterotomy can be undertaken.” Alternatively, 
incomplete bladder emptying can be managed by a combin- 
ation of penile sheath collection and CISC. In SCI, containment 
of severe incontinence using pads is rarely used as a long-term 
management option. 


Indwelling catheterization. The risk of urethral erosion from 
chronic urethral catheterization means that all patients who 
choose to be managed by indwelling catheterization should be 
advised to undergo placement of an SPC. For tetraplegic women, 
an SPC is usually the only practical way of managing the LUT. 
For other patient groups, there is always an alternative approach 
available, although many patients will regard the use of an SPC 
as a relatively convenient and reliable way of dealing with their 
LUT dysfunction.*4 In patients with adequate storage function, 
the use of a catheter valve should be considered; there are theor- 
etical benefits from the use of catheter valves in terms of preserv- 
ing bladder capacity and limiting catheter blockages through the 
‘flushing’ effect of intermittent drainage. 


Sacral anterior root stimulation. The use of an implantable pros- 
thesis to empty the bladder in patients with a complete supra- 
conal SCI was pioneered by Brindley. Good long-term results are 
described but the implant’s use is restricted to specialist units.?° 
It is usual to divide the dorsal roots of S2, 3, 4 at the time of 


implantation to abolish NDO and provide high-volume bladder 
storage capacity. Electrodes are placed around the ventral roots 
of S2, 3, 4, so that electrical stimulation will produce a contrac- 
tion of both the urethral sphincter and the detrusor. In response 
to a burst of stimulation, the smooth muscle of the detrusor 
produces a sustained contraction, while the striated ureth- 
ral sphincter muscle rapidly switches on and off. Intermittent 
bursts of stimulation are produced by the device which allows 
voiding to occur in the gaps between the bursts, during which 
the detrusor is continuing to contract but the rhabdosphincter 
is relaxed. 


+ Urinary diversion. Ileal conduit diversion is a useful salvage pro- 
cedure which is used occasionally for SCI patients, notably those 
who are catheter intolerant due to recurrent infections or other 
complications. If a urinary diversion is undertaken, consider- 
ation should be given to carrying out a simultaneous cystectomy 
in order to prevent pyocystis. 


When considering these management options with the patient, dis- 
cussion has to include the day-to-day practicalities of the systems, 
any additional treatments that will be needed in order to optimize 
management and the risks of complications that are associated with 
the different approaches. This counselling process can be complex 
and input from specialist nurses is useful. Discussions about long- 
term risks are hampered by a lack of reliable comparative data, 
although indwelling urethral catheterization is associated with 
unsatisfactory outcomes.”® 


The urological toolkit 


In many cases, an SCI patient’s LUT is not intrinsically suited to a 
management system that the patient wishes to use. For example, 
a paraplegic with a supraconal injury might want to use CISC for 
bladder emptying but has NDO; suppression of the NDO will be 
needed if they are to be reliably continent. The urologist uses a tool- 
kit of treatment options to manage the various urodynamic abnor- 
malities that may be present: 


Impaired urine storage due to neurogenic detrusor 
overactivity or reduced bladder compliance 


Antimuscarinic drugs are capable of controlling symptoms such as 
incontinence in many patients with NDO and are generally used as 
first-line therapy. Botulinum toxin type A (BTA) injections into the 
bladder wall have established a role in managing patients who are 
refractory to antimuscarinic drugs.?”° BTA controls symptoms in 
about 60% of cases and continues to provide benefit over repeated 
cycles of use.” However, there is uncertainty as to whether either 
antimuscarinic drugs or BTA have a useful effect on the blad- 
der with reduced compliance or are capable of controlling NDO 
sufficiently reliably to be safely used in cases where high bladder 
pressures are causing hydronephrosis to develop. Patients in these 
situations, or with unresponsive symptoms, are managed by aug- 
mentation cystoplasty.°° Ileum is generally used to augment the 
bladder although the colon is an alternative; detrusor myectomy 
has been explored as an alternative but has not established a role.?! 


Neurogenic stress incontinence 


Neurogenic stress incontinence (NSI) is seen in patients with 
an SCI that involves the conus and damages Onuf’s nucleus; 
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stress incontinence is also seen in patients where the ureth- 
ral sphincter has been damaged through catheter trauma. 
Treatment of NSI is needed in patients who wish to use inter- 
mittent self-catherization (ISC) or a suprapubic catheter with a 
catheter valve. 

In men, the artificial urinary sphincter is the mainstay for man- 
aging NSI and will restore continence in over 90% of cases.3? In 
neurogenic cases, the cuff is usually implanted around the distal 
prostate or bladder neck as a bulbar urethral cuff does not always 
produce complete continence. Patients will need to use CISC in 
order to empty the bladder. In patients with both impaired bladder 
storage and NSI, a simultaneous augmentation cystoplasty and arti- 
ficial sphincter implantation can be undertaken.*4 

The artificial sphincter can also be used in women but the use 
of an autologous fascial pubovaginal sling is an alternative that 
produces generally satisfactory results without the same need for 
revision surgery. A wide range of other procedures have been used 
to treat NSI with satisfactory results being described with some. 
However, there is no role for the routine use of injectable bulking 
agents or for synthetic slings and tapes. NSI is the result of intrinsic 
sphincter deficiency rather than vaginal hypermobility so that ten- 
sion has to be applied to a sling in order to overcome incontinence; 
there is concern that applying tension to a synthetic tape will risk 
erosion into the urethra.”° 

In cases where there is severe damage to the urethra and its 
sphincter mechanism, a decision may need to be made to formally 
close the urethra. In women, although an abdominal approach 
can be used, a vaginal approach is likely to be associated with less 
morbidity.*4 Closure of the male urethra can be undertaken by an 
abdominal approach to the bladder neck, or a bulbar urethra clos- 
ure can be undertaken using perineal access.’ 


Impaired bladder emptying 


Incomplete bladder emptying can be a problem for patients who 
are managing their neurogenic LUT by voluntary voiding, in which 
case ISC can be used either on a regular or as-required basis. The 
other group of patients who are affected by this problem are those 
who are using reflex bladder contractions to empty into a pen- 
ile sheath system. For these patients, DSD and poorly sustained 
bladder contractions can lead to incomplete bladder emptying. 
An external urethral sphincterotomy will usually improve blad- 
der emptying by abolishing DSD but cannot guarantee complete 
resolution of the problem as bladder contractions can remain 
poorly sustained.” Alternatives to sphincterotomy include the 
use of botulinum toxin injections into the rhabdosphincter*® or 
the use of urethral stents,>”° although long-term follow-up data 
is limited. 

For patients who have difficulty with urethral ISC, a continent 
catheterizable abdominal conduit can be constructed using the 
appendix (usually elongated with a caecal cuff) or ileum (using the 
Monti technique).?? 


Vesicoureteric reflux 


Videourodynamic testing will demonstrate the presence of reflux 
in some SCI patients. However, there is uncertainty as to whether 
intervention to control reflux is of benefit. Reimplanting a ureter 
into a thick-walled neuropathic bladder is not recommended as the 
result is likely to be either an obstructed system or persistent reflux. 
However, injecting a bulking agent under the ureteric orifice can 
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be considered in cases, such as those with active bladder contrac- 
tions and recurrent urinary tract infection (UTI), where treatment 
is judged to be appropriate.?! 


Management of sexual dysfunction 
and infertility 


Sexual dysfunction as a result of SCI can have a devastating effect 
on the couple. Sexual rehabilitation is important and should not 
be neglected; even patients with tetraplegia report satisfying sex 
lives provided they adapt to their circumstances.*? Both males 
and females with incomplete or low injuries may be orgasmic. 
Counselling is needed and should cover the avoidance of problems 
such as incontinence during intercourse. 

Men with some preserved erectile function, reflex or psycho- 
genic, respond well to 5-phosphodiesterase inhibitors; penile injec- 
tion therapy with alprostadil is often effective for non-responders, 
while penile prostheses or vacuum tumescence devices are required 
for others.4° Many couples opt for an active but non-penetrative 
sex life. 

Female fertility is, in general, not affected by SCI. However, dur- 
ing pregnancy, UTIs need to be treated promptly and urinary tract 
management adapted; for example, CISC may become impracti- 
cal as the pregnancy advances. Delivery may require collaboration 
between obstetrician and urologist. 

Approximately 5% of SCI men retain natural fertility; for the 
remainder, ejaculatory failure is the principle cause of infertility. 
In patients with spinal lesions above T10, the ejaculatory reflex 
pathway may be intact and can be activated using a strong vibra- 
tory stimulus applied to the penile frenulum. If this is effective, 
some couples are able to use this approach at home along with 
intravaginal insemination. However, the large majority of SCI men 
who father children do so with a combination of sperm harvesting 
using vibrator-induced ejaculation, electroejaculation, or direct 
sperm harvesting from the testis and assisted conception tech- 
niques.*! Electroejaculators use a rectal probe to provide direct 
stimulation to the pelvic structures to produce seminal emission 
(Fig. 3.12.6). 


Complications and follow-up 


General complications 


A SCI patient remains at risk of developing complications related 
to the SCI. Clinicians who are involved in their care need to take 
steps to provide: 


¢ Skin protection with a turning regime and suitable mattress. 
+ Physiotherapy to prevent chest complications. 


+ An environment which helps maintain a normal body 
temperature. 


+ A bowel management routine to prevent constipation or 
incontinence. 


+ Prevention or treatment of episodes of autonomic dysreflexia. 


Urinary tract complications 


There are a number of important urinary tract problems that can 
lead to morbidity and even mortality in the SCI patient. Important 
among these are: 


¢ Urinary tract infection. UTI is a common problem among SCI 
patients. If UTI develops as a new problem, or the pattern of 
infections intensifies, investigation with urinary tract imaging 
and cystoscopy is indicated. If a treatable cause is not identified, 
management may include the use of self-start antibiotics or low- 
dose antibiotic prophylaxis to minimize the frequency and inten- 
sity of attacks. 


+ Autonomic dysreflexia. Patients who complain of symptoms of 
autonomic dysreflexia require urgent investigation in order to 
identify the cause of the problem. Urinary tract imaging and 
urodynamic investigation may be included in the diagnostic 
pathway. 


+ Incontinence. Incontinence can be due to NDO and/or sphincter 
weakness. If simple measures do not resolve the issue, urody- 
namic investigations are indicated. 


+ Urinary tract stones. The risk of renal stone formation is highest 
within three months of injury, and by ten years 7% of patients 


Fig. 3.12.6 Devices used to induce ejaculation in spinal cord-injured patients. (A) A vibrator that can be used by a couple at home. (B) An electroejaculator with an 


assortment of three rectal probes. 


Image reproduced courtesy of Paul Tophill. 


will have developed a renal stone.** Bacterial colonization of the 
urinary tract is an important factor in the formation of renal and 
bladder stones, although metabolic kidney stones are common in 
SCI patients.* 


+ Hydronephrosis. Upper tract dilatation is most commonly caused 
by high bladder storage pressure, which is demonstrated by the 
resolution of the hydronephrosis with insertion of an indwelling 
catheter. However, other possible causes include ureteric calculi, 
vesicoureteric reflux, and pelviureteric junction obstruction. 


+ Renal scarring. Pyelonephritic scarring is a common finding on 
follow-up ultrasound scans and is not confined to one system 
of bladder management. Fortunately, such scarring rarely pro- 
gresses to the extent that renal replacement therapy is needed.*4 
In patients who are being managed by indwelling catheters, the 
explanation for the development of scarring probably lies in a 
combination of residual bladder contractile activity, vesico- 
ureteric reflux, and bacteriuria.* 


+ Catheter problems. These include difficulties with catheter 
changes, recurrent UTI, catheter bypassing, and catheter block- 
age. The last two of these problems can be difficult to distinguish 
at times; if incontinence resolves for a few days after a cath- 
eter change, then it is likely that the problem is blockage rather 
than bypassing due to NDO or NSI. Repeated catheter blockage 
is best investigated by cystoscopy because bladder stones can 
underlie the problem and are not reliably detected by X-ray or 
ultrasound scan. 


+ Bladder cancer. Estimates of the risk of bladder cancer in patients 
with SCI have varied widely and it is unclear whether the probable 
increased risk is greater with one management system compared 
with another.*° Unfortunately, when bladder cancer arises, the 
tumour is usually a squamous carcinoma and the prognosis poor. 


Surveillance policies 


Spinal injuries units have traditionally offered lifelong follow-up to 
their patients on the basis of the range of difficulties that patients 
may experience and the changing requirements for care with age- 
ing. Continuing care usually includes an element of urinary tract 
surveillance, which amounts to a screening programme for a 
high-risk population. There is a consensus that annual or biannual 
ultrasound scanning of the kidneys is a reasonable approach.47-8 
However, there is no requirement to offer more comprehensive 
screening investigations, as the value of regular urodynamic inves- 
tigation, GFR measurement, and cystoscopy is uncertain.4” 
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CHAPTER 3.13 


Non-traumatic neurourology 


Jalesh N. Panicker and Clare J. Fowler 


Introduction to non-traumatic 
neurourology 


Lower urinary tract (LUT) dysfunction is common in neuro- 
logical disease and its importance to patient health and quality of 
life is now widely recognized. This chapter reviews bladder distur- 
bances in non-traumatic neurological conditions and provides an 
approach to the evaluation and management. 


Neurogenic lower urinary tract dysfunction 


Lesions of the nervous system result in characteristic patterns of 
LUT dysfunction depending upon the level of the lesion in the 
neuraxis. Accordingly, neurological lesions can be categorized as 
being suprapontine, infrapontine/suprasacral, or infrasacral and 
each results in a characteristic clinical profile which becomes evi- 
dent during the evaluation of the patient (Table 3.13.1).! Storage 
functions of the bladder are affected in diseases at most levels and 
results in involuntary contractions of the detrusor muscle, known 
as detrusor overactivity. Voiding functions are particularly affected 
following lesions below the pons. Following spinal cord damage, 
simultaneous contraction of the external urethral sphincter and 
detrusor muscle, known as detrusor sphincter dyssynergia, results in 
incomplete bladder emptying and abnormally high bladder pres- 
sures. Lesions of the conus medullaris and cauda equina result in 
voiding dysfunction due to either an underactive detrusor or non- 
relaxing urethral sphincters. 


Cortical lesions 


Anterior regions of the frontal lobes are critical to bladder con- 
trol; the seminal work of Andrew and Nathan in the 1960s pro- 
vided considerable insight into the effects of frontal lobe lesions 
on LUT control.? A variety of frontal lobe lesions may result in 
LUT symptoms such as intracranial tumours, ruptured aneu- 
rysms, traumatic brain injury, and surgeries such as prefrontal 
leukotomy. The clinical presentation of frontal lobe incontinence 
is that of severe urgency and frequency, and urge incontinence; 
the patient is socially aware and embarrassed by the incontinence. 
Micturition is normally coordinated, though a few case reports of 
patients with right frontal lobe disorders having urinary retention 
which improved after the frontal lobe disorder was treated suc- 
cessfully have been reported.” 

Urinary incontinence may occur after stroke. Commonly, uro- 
dynamics demonstrates detrusor overactivity (DO), though 
patients with haemorrhagic stroke are more likely to have detrusor 
underactivity.> Lesions more anteriorly placed in the brain are more 
likely to result in LUT symptoms, though it is not possible to dem- 
onstrate a correlation between specific lesion sites and urodynamic 
findings. It is known however that urinary incontinence at seven 
days following stroke predicts poor survival, disability, and institu- 
tionalization independent of level of consciousness.° Incontinence 
in such cases is often the result of a more severe general loss of 
functions; moreover, incontinent persons may be less motivated to 
recover both continence and general function.” 


Table 3.13.1 Results of the diagnostic evaluation for patients with suspected neurogenic bladder dysfunction according to the site 


of neurological lesion 


Suprapontine lesion 


e.g. Cortical lesions, stroke, Parkinson's 


Infrapontine suprasacral lesion 


e.g. spinal cord injury, multiple sclerosis 


Infrasacral lesion 


e.g. conus medullaris tumour, cauda 


disease equina syndrome, peripheral neuropathy 
History/ Urgency, frequency, urgency Urgency, frequency, urgency incontinence, Hesitancy, interrupted stream 
bladder diary incontinence hesitancy, interrupted stream 
Post-void residual urine PVR <100 mL + Elevated PVR PVR >100 mL 
Uroflowmetry Normal flow Interrupted flow Poor/absent flow 


Urodynamics Detrusor overactivity 


Detrusor sphincter dyssynergia 


Detrusor overactivity 


Detrusor underactivity, 


Sphincter insufficiency 


PVR: Post-void residual urine. 


Reproduced from Practical Neurology, ‘The bare essentials: UroNeurology’ Jalesh N Panicker and Clare J Fowler, Volume 10, Issue 3, pp. 178-185, Copyright © 2010 British Medical Journal 
Publishing Group, with permission from BM) Publishing Group Ltd. Source: data from Panicker, Jalesh N., Clare J. Fowler, and Ranan DasGupta, ‘Neurourology’ in Robert B. Daroff et al. (Eds.), 
Bradley's Neurology in Clinical Practice, Sixth Edition, Elsevier Saunders, Philadelphia, USA, Copyright © 2012 by Saunders, an imprint of Elsevier Inc. 
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The small perforating vessels of the brain may be affected, 
resulting in ischaemia to the white matter (small vessel disease, 
leukoaraiosis). Clinically, patients present with the triad of mem- 
ory impairment, gait disorder, and urgency incontinence. This is 
increasingly becoming known as a cause for incontinence in the 
otherwise functionally independent elderly.’ 

Incontinence is a common problem in patients with dementia. 
In a study of patients with dementia, incontinence was observed to 
occur early in the course of patients with dementia with Lewy bod- 
ies, as in the more advanced stages of Alzheimer’s disease. Normal 
pressure hydrocephalus is not as common a cause for dementia, 
however incontinence may be a cardinal feature.? This condition 
belongs to the list of treatable causes for dementia and symptoms 
improve following drainage of cerebrospinal fluid either by lumbar 
puncture or a shunt, including overactive bladder symptoms and 
even urodynamic parameters. Solifenacin is effective in the treat- 
ment of overactive bladder symptoms in patients who have under- 
gone ventriculoperitoneal shunt surgery.!° 


Parkinson’s disease and related conditions 


Parkinsonism encompasses a number of conditions including 
Parkinsons disease (PD) and various Parkinson-plus syndromes 
such as multiple system atrophy (MSA), progressive supranuclear 
palsy, and corticobasal degeneration (CBD).!! 


Parkinson’s disease 


Although predominantly a movement disorder, PD is often asso- 
ciated with non-motor symptoms, including sleep alterations, 
neuropsychiatric disturbances, and dysautonomia, with nocturia 
as the commonest symptom. The incidence of lower urinary tract 
symptoms (LUTS) in PD varies according to the study quoted and 
ranges from 38% to 71%.!*13 Storage symptoms such as nocturia 
are commonly reported (in more than 60% of patients) and have a 
considerable impact on quality of life.!+-16 The causes for nocturia 
are poorly understood, although it has a significant impact on sleep 
and quality of life in individuals with PD. Detrusor overactivity is 
the commonest finding on urodynamics.!5 Dopaminergic recep- 
tor stimulation through the D1 receptor is known to inhibit the 
micturition reflex in health,!” and it is thought that degenerative 
changes characteristic of PD results in disinhibition of this reflex, 
resulting in DO. 

Additional co-morbidities may contribute to LUT symptoms in 
PD. Benign prostate obstruction is common in this age group, and 
transurethral prostate resection can be successfully carried out in 


properly selected cases.!8 Additional co-morbidities such as cer- 
vical spondylosis with cord compression or vascular disease of the 
brain, or medical conditions such as congestive heart failure, dia- 
betes mellitus, pedal oedema, or medications such as diuretics, and 
poor mobility or cognitive impairment may be factors contribut- 
ing to incontinence. Sleep disturbances and disturbed circadian 
rhythm may be closely associated with nocturia.!9-*! Bradykinesia 
of the pelvic floor muscles (known as ‘pseudo-dyssynergia’) has 
been reported, though significant voiding dysfunction is uncom- 
mon in PD. 

Levodopa is the most important medication used in manag- 
ing PD and its effects on overactive bladder (OAB) symptoms 
are variable. Some patients may improve whereas in others, OAB 
symptoms may worsen.”? Deep brain stimulation (DBS) is a well- 
accepted treatment option in advanced PD and the effects of DBS 
on LUT symptoms may be variable, with worsening reported in 
some studies and improvement in others.!!3-26 Patients with 
advanced PD on subthalamic nucleus (STN) DBS have reported 
less nocturia.?4 


Multiple system atrophy 


The syndrome previously known as Shy Drager syndrome and 
olivopontocerebellar atrophy are now classified as MSA-P (parkin- 
sonism predominant) or MSA-C (cerebellar predominant), respec- 
tively. This condition is suspected when urogenital symptoms 
predominate, or predate other symptoms such as parkinsonism or 
ataxia. The reader is referred to the website http://www.msatrust. 
org.uk/ for more information about MSA. Some 41% of patients 
with MSA present initially with LUT symptoms and 97% report 
symptoms during the course of the disease.?”-3° Symptoms include 
daytime frequency (45%, 43%; percentage in men and women, 
respectively), nocturia (65%, 69%), urinary urgency (64% of men), 
and incontinence (75%, 66%).31 

In the absence of any gold standard tests, distinguishing PD from 
MSA is difficult, even for an experienced neurologist. Evaluating 
urogenital dysfunction may help (Table 3.13.2) and LUTS are more 
severe and occur much earlier in MSA compared to in PD. Voiding 
dysfunction is common in MSA and patients are more likely to 
have an elevated post-void residual (>100 mL).3>33 Urodynamics 
may demonstrate detrusor sphincter dyssynergia and an open 
bladder neck at the start of bladder filling (videocystometro- 
gram).>4 EMG of the anal sphincter may sometimes be useful to 
distinguish the two conditions, to specifically look for findings of 
reinnervation. 1135-37 


Table 3.13.2 Comparison of lower urinary tract dysfunction (LUTD) in multiple system atrophy (MSA) versus Parkinson’s disease (PD) 


MSA 


PD 


Onset Symptoms may precede other neurological deficits 


Usually follows onset of disease and more 
common in advanced PD 


Symptomatology @ Urinary frequency and urgency 
+ Early and severe incontinence 


+ As disease advances—chronic urinary retention 


e Nocturia and urgency 


+ Overactive bladder symptoms, however 
less severe incontinence 


Bladder scan 


Elevated post-void residual (>100 mL) as the disease advances 


Normal 


Urodynamics 


Initially detrusor overactivity. Detrusor acontractility later in the course of disease 


Detrusor overactivity 


Open bladder neck may be seen at the start of bladder filling in the videocystometrogram 


Multiple sclerosis and related conditions 


Estimates of the number of patients with multiple sclerosis (MS) 
who have LUTS vary according to the severity of the neurological 
disability; however, a figure of 75% is frequently cited.** The most 
common symptoms are storage symptoms (37-99%), followed by 
voiding symptoms (34-79%). Commonly, a combination of both 
types of disorders coexist (51-59%).°° Urinary incontinence is con- 
sidered to be one of the worst aspects of the disease, with 70% of a 
self-selected group of patients with MS responding to a question- 
naire as classifying the impact bladder symptoms had on their life 
as ‘high’ or ‘moderate.*° A strong association exists between the 
presence of bladder symptoms and the presence of clinical spinal 
cord involvement, such as paraparesis and upper motor neuron 
signs in the lower limb.*! In a systematic review of the literature, De 
Séze et al. found that the duration of disease was one of the prin- 
cipal factors that influenced the frequency of lower urinary tract 
dysfunction (LUTD). No correlation has been established between 
the site of MS lesion on MRI and clinical LUTS.?43-46 

MS is a progressive condition and with progression, the bladder 
dysfunction may become more difficult to treat. However, in con- 
trast to LUT dysfunction consequent to spinal cord injury (SCI), 
progressive neurological disorders such as MS are rarely reported 
to result in upper urinary tract damage or renal failure. De Sèze 
et al. reviewed the literature and found that duration of MS, pres- 
ence of an indwelling catheter, and the finding of high detrusor 
pressures were risk factors of upper urinary tract complications. 
An epidemiological study has not demonstrated an increased risk 
of renal failure in people with multiple sclerosis compared to the 
general population.‘” The reason for sparing of the upper urinary 
tract is uncertain, but it does mean that in such patients, manage- 
ment should emphasize symptom relief.*4 

LUTD is common following other demyelinating conditions. In a 
consecutive series of 61 patients with acute disseminated encepha- 
lomyelitis (ADEM), a third of patients demonstrated evidence for 
LUTD,*8 and symptoms seem to be as common and severe as in 
MS.*? An association has been recognized between LUT symptoms 
and the finding of lower limb pyramidal involvement.*® 

Urinary tract infections may lead to exacerbation of neurological 
symptoms in MS. As the disease progresses, it is not uncommon 
for recurrent infections to result in deficits which accumulate and 
lead to progressive neurological deterioration.” This means that 
arrangements for treatment of confirmed urinary tract infection 
(UTI) must be prompt and timely.>! Urinary dipstick testing allows 
for rapid and safe management of patients before high-dose corti- 
costeroid treatment for an acute MS relapse.°? 


Management of neurogenic lower urinary 
tract dysfunction 


Recent guidance from the National Institute of Clinical Excellence 
(NICE) provides a framework for managing urinary incontinence 
in patients with neurological disease.” Urine dipstick is advisable 
for all patients presenting with new bladder symptoms. While its 
negative predictive value for excluding UTI is high (>98%), positive 
predictive value for confirming UTI is only 50%.*4 The necessity to 
perform a complete urodynamic study in all patients with a sus- 
pected neurogenic bladder has been addressed in the NICE guid- 
ance. Urodynamics (filling cystometry and pressure-flow studies) 
should not be offered routinely.” Patients diagnosed with spinal 
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cord injury, spina bifida, and possibly advanced MS should undergo 
investigations such as cystometry because of the increased risk for 
upper tract damage and renal impairment. However, in most pro- 
gressive neurological conditions, it is recommended to restrict the 
initial evaluation to non-invasive tests as the risk for upper urinary 
tract damage is less.>! 

The aims for treatment of neurogenic bladder dysfunction are 
to protect the upper urinary tract, to improve urinary continence, 
restore lower urinary tract functions, and improve quality of life.*° 


General measures 


Conservative strategies are generally effective in the early 
stages when symptoms are mild. The fluid intake should be 
individualized—between one to two litres a day is suggested— 
however, it is important to assess fluid balance by means of a blad- 
der diary.” Caffeine reduction may reduce symptoms of urinary 
urgency and frequency. A behavioural management programme, 
including timed voiding or bladder retraining, aims to restore 
a normal pattern of micturition.” Pelvic floor exercises, with or 
without neuromuscular stimulation, may play a role in addressing 
overactive bladder symptoms.*>798 


Antimuscarinics 


Antimuscarinics form the mainstay of conservative management of 
overactive bladder in the neurological patent. Table 3.13.3 lists the 
currently available medications in the United Kingdom. In a pro- 
spective, open-label study of solifenacin for the treatment of OAB 
in MS patients, van Rey et al. demonstrated a significant improve- 
ment in urinary frequency, pad use, and severity of urgency com- 
pared to baseline following eight weeks of treatment.°? A recent 
systematic review suggests that the uses of these medications are 
associated with improvement in symptoms and significant reduc- 
tion of maximum detrusor pressure in urodynamics. There appears 
to be no significant difference between antimuscarinics or the dif- 
ferent doses and preparations and the choice of medication should 
be guided by their side effect profile.® The adverse effects include 
dryness of the mouth, blurring of vision for near objects, constipa- 
tion, and tachycardia, which arise due to their non-specific anti- 
muscarinic action. Of concern in the patient with neurological 
disease are their effects on central muscarinic M1 receptors, result- 
ing in impaired cognition and sensorium in susceptible individuals. 
Medications which have low selectivity for the M1 receptor, such as 
darifenacin, or whose permeability across the blood brain barrier 
is restricted, such as trospium chloride, are expected to have less 
central side effects, however there are only limited studies evaluat- 
ing their use in patients with cognitive impairment. The post-void 
residual urine may increase following treatment and should be 
monitored in individuals reporting short-term or limited benefits. 
In patients with additional voiding dysfunction, the judicious use 
of antimuscarinic medication together with intermittent catheter- 
ization often proves to be the most effective management strategy 
(Fig. 3.13.1).251 


Desmopressin 


Desmopressin is a synthetic analogue of arginine vasopressin and 
temporarily reduces urine production by promoting water reab- 
sorption at the distal and collecting tubules of the kidney. It is use- 
ful for the treatment of nocturia, especially in patients with MS, 
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Table 3.13.3 Antimuscarinic medications available in the United Kingdom (presented alphabetically) 


Generic name Trade name Dose (mg) Frequency 

Darifenacin Emselex 75=15 od 

Fesoterodine Toviaz 4-8 od 

Oxybutynin IR Ditropan, cystrin 2.5-20 bd—qds 

Oxybutynin ER Lyrinel XL 5-20 od 

Oxybutynin transdermal entera 36 mg (3.9 mg/24 hours) One patch twice-weekly 


Propantheline Pro-banthine 15-120 tds (one hour before food) 

Propiverine Detrunorm 15-60 od—qds 

Solifenacin Vesicare 5-10 od 

Tolterodine IR Detrusitol 2-4 bd 

Tolterodine ER Detrusitol XL 4 od 

Trospium Regurin 20-40 bd (before food) 
Reproduced from Practical Neurology, ‘The bare essentials: UroNeurology; Jalesh N Panicker and Clare J Fowler, Volume 10, Issue 3, 
pp. 178-185, Copyright © 2010 British Medical Journal Publishing Group, with permission from BMJ Publishing Group Ltd. 
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Fig. 3.13.1 Management algorithm for patients with multiple sclerosis presenting 
with urinary tract intermittent self-catheterization). 

Reproduced from Journal of Neurology, Neurosurgery and Psychiatry, ‘A UK consensus on 

the management of the bladder in multiple sclerosis’ C J Fowler et al, Volume 80, Issue 5, 

pp. 470-77, Copyright © 2009 British Medical Journal Publishing Group, with permission from 
BMJ Publishing Group Ltd. 


providing symptom relief for up to six hours.®! Desmopressin is 
also useful in patients found to have nocturnal polyuria, which 
is characterized by excessive urine production at night. This may 
be seen in patients with orthostatic hypotension as part of a more 
generalized autonomic dysfunction. The feared complication is 
hyponatraemia and therefore desmopressin should not be used in 
patients above the age of 65 or with evidence of fluid overload such 
as dependent leg oedema, and should be used no more than once 
in 24 hours.” 


Cannabinoids 


Cannabis-based medicinal extracts have been used to ameliorate 
overactive bladder symptoms, based upon the identification of 
the cannabinoid receptor in animals and human bladder prepa- 
rations, and positive anecdotal reports of the effect of cannabis in 
controlling bladder symptoms in patients MS.? In a large placebo- 
controlled study of 647 patients with MS, an oral cannabis extract 
of delta-9-tetrahydrocannabinol (THC) reduced urge incontinence 
episodes and pad weight significantly more than placebo. A mul- 
ticentre double-blind, placebo-controlled trial specifically studying 
LUTS in patients with advanced MS used a sublingual spray con- 
taining delta-9-THC and cannabidiol (CBD) in a 1:1 ratio found a 
significant improvement in daytime frequency, nocturia, and the 
Patient’s Global Impression of Change.®* A cannabis-based medi- 
cine has been licensed for treating spasticity in MS; however, this 
does not cover bladder dysfunction.” 


Botulinum toxin 


The discovery by Schurch, Stohrer, and colleagues®*° that intra- 
detrusor injections of botulinum neurotoxin type A (BoNT/A) 
resulted in a significant improvement in neurogenic detrusor over- 
activity and incontinence is having far-reaching consequences. 
Originally proposed on the basis that BoNT/A would block the 
presynaptic release of parasympathetic acetylcholine mediating 
detrusor contraction, it seems to be highly probable that BoNT/ 
A also modulates intrinsic bladder reflexes through a multimodal 
effect on sensory pathways.°° Intradetrusor injections of BoNT/ 


A is a minimally invasive treatment that can be performed in an 
outpatient setting under local anaesthesia using a flexible cysto- 
cope.®” Exceptional efficacy of BoNT/A treatment has been shown 
for patients with SCI and MS.686°? A small study in patients with 
Parkinson's disease showed that botulinum toxin was effective in 
ameliorating symptoms, though its use was associated with the risk 
of incomplete bladder emptying and need for catheterizing.”” The 
effect lasts for 9 to 13 months and it significantly improves stor- 
age symptoms and quality of life,°° despite most patients need- 
ing to perform clean intermittent self-catheterization afterwards. 
Preliminary studies seem to suggest that patients receiving botu- 
linum toxin injections have fewer symptomatic urinary tract infec- 
tions”! and reduced catheter bypassing if using an indwelling 
catheter. NICE recommends its use in patients with spinal cord 
disease (spinal cord injury or MS) with symptoms of an overactive 
bladder and in whom antimuscarinics have proven to be ineffective 
or poorly tolerated.*? 


Neuromodulation 


The first use of sacral neuromodulation (SNM) in the management 
of neurogenic voiding dysfunction was reported by Bosch and col- 
leagues.’ Since then, a growing body of evidence has accumulated 
that suggests sacral neuromodulation is effective and safe for the 
treatment of neurogenic LUTD,’?~”* especially in the short term. 
In the long term, however, the results of SNM in patients with pro- 
gressive neurological conditions may be altered by the evolution 
of the underlying disease, and efficacy may be lost as the disease 
advances.” Furthermore, conditions such as MS may require 
repeat MRIs as part of their neurological follow-up and the pres- 
ence of a stimulator precludes this. Thus, in patients with neuro- 
logical disease, SNM is a viable option only in highly selected 
patients who present with a stable, indolent course of neurological 
disease. 

The use of tibial nerve stimulation in the management of MS- 
related OAB symptoms appears to be promising. There is evidence 
to suggest that stimulation of the tibial nerve is effective in man- 
aging OAB symptoms and improved urodynamic parameters.’° 
Studies have shown that percutaneous tibial nerve stimulation 
(PTNS)’6 and transcutaneous tibial nerve stimulation”’ are effect- 
ive and safe in the management of the overactive bladder in MS. 


Surgery 


The role of surgery in the management of neurogenic LUTD in 
patients with a non-traumatic neurological condition has become 
limited following the advent of less invasive treatment options 
such as botulinum toxin. If detrusor overactivity is intractable to 
treatment, then urinary diversion, such as by an ileal conduit7®7? 
or bladder augmentation surgery can be considered.®° However, 
these are major surgical procedures and not without their own 
complications, and patients should receive appropriate and realistic 
preoperative counselling. Patients with predominant stress incon- 
tinence should first be offered the various treatment options avail- 
able for that condition. 


Management of voiding dysfunction 


The post-void residual volume is measured either by in-out cath- 
eterization or a bladder scan. A consensus is lacking regarding 
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the figure of residual volume at which intermittent catheteriza- 
tion should be initiated. However, considering that patients with a 
neurogenic bladder often have reduced bladder capacity, a residual 
volume of greater than 100 mL, or more than one-third of the blad- 
der capacity, is generally agreed to be likely to contribute to blad- 
der dysfunction.°*! Incomplete bladder emptying can predispose 
to urinary tract infections, and can also exacerbate the symptoms 
associated with detrusor overactivity. 

The use of intermittent catheterization has greatly improved the 
management of the neurogenic bladder. A sterile technique was 
first introduced in the 1960s, however subsequently a clean tech- 
nique was found to be adequate. The patient should be taught by 
someone experienced such as continence advisors. Neurological 
impairments such as hand weakness, tremor, spasticity, impaired 
visual acuity, or significant cognitive impairment can influence the 
success of self-catheterization.* 

Suprapubic vibration through a mechanical ‘buzzer has been 
shown to be effective in bladder emptying in patient with MS, 
however its effect is limited.8182 There is limited evidence to 
show that alpha blockers improve bladder emptying,**.*4 though 
their use is not recommended.” Crede manoeuvre is usually not 
recommended.°*! 


Permanent indwelling catheters 


The use of an indwelling catheter should be limited to individuals 
who are unable to perform self-catheterization or in cases where 
incontinence is refractory to management. The immediate solu- 
tion is a urethral indwelling catheter, however the long-term side- 
effects are well known and therefore a preferred alternative is a 
suprapubic catheter, though the evidence base for this is lacking.®° 
Extreme care is required with their insertion, as patients often have 
contracted bladders and this contributes to the risk of bowel per- 
foration during catheter placement. Specific instances of this are 
thought to occur each year.86 


Urinary tract infections 


The presence of asymptomatic bacteriuria alone in a patient 
performing intermittent self-catheterization should not be an 
indication for antibiotics.°! Rather, the antibiotics are usually 
indicated in the presence of associated local or systemic symp- 
toms. Antibiotic prophylaxis should not be routinely offered. In 
patients with recurrent urinary tract infections, the catheteriza- 
tion technique should be reviewed and causes such as incomplete 
bladder emptying or a bladder stone excluded. Antibiotic prophy- 
laxis should be considered in patients with a recent history of fre- 
quent or severe infections.” The value of cranberry preparations 
in preventing urinary tract infections in neurological patients is 


debatable. 
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CHAPTER 4.1 


Principles of reconstructive 


urology 


Anthony R. Mundy and Daniela E. Andrich 


Introduction to principles 
of reconstructive urology 


From a urological perspective, the fundamental properties of the 
urinary tract are that it is capable of holding urine for a sufficient 
duration to allow its owner to empty it voluntarily at a time and 
place of his or her choosing, with unobstructed flow from the distal 
convoluted tubules of the kidney through the external meatus to 
the outside world. Under normal circumstances this urinary tract 
‘system’ is internal, its control is natural and spontaneous, and its 
lining is impermeable; the need to empty it is only occasional and 
there is no need for any extraneous ‘kit: In disease, if all else fails 
or is inappropriate, an ileal conduit urinary diversion into an exter- 
nal collecting appliance satisfies most of these criteria. Indeed, for 
many years following its introduction by Bricker in the 1950s,! the 
ileal conduit was highly regarded as an alternative to ureterosigmoi- 
dostomy, which was the only form of salvage surgery then available 
for the absent or hopelessly incontinent urinary tract in the earlier 
part of the twentieth century. During the 1960s and 1970s, a large 
number of patients were treated by ileal conduit urinary diversion, 
principally those having a cystectomy for bladder cancer in adult 
life, or for those with unexplained upper urinary tract problems as 
a consequence of congenital anomalies of the lower urinary tract in 
childhood. These included problems that are still difficult to treat 
nowadays such as neuropathic bladder dysfunction, and major 
congenital structural abnormalities such as exstrophy/epispadias; 
and, more importantly, conditions that were poorly understood at 
the time such as severe vesicoureteric reflux and posterior urethral 
valves, which are now treated quite differently because their nature 
is now understood to a much greater degree. 

As a consequence of this greater understanding and the general 
improvements in medical and surgical care in the 1980s and 1990s 
which made for safe major surgery for benign conditions, the pen- 
dulum swung the other way and a large number of patients with 
ileal conduit urinary diversions were undiverted and reconstructed, 
largely under the influence of Hendren in the United States. He (and 
others) developed and refined surgical techniques to reconstruct 
the ureters and reimplant them into the bladder and to restore a 
more normal appearance to the urinary tract.” Likewise, patients 
undergoing cystectomy for bladder cancer were being offered a 
bladder substitution rather than an ileal conduit urinary diversion, 
largely under the influence of Camey in France. Camey, although 
not the first to consider a substitution cystoplasty using bowel, was 


the first to use it as a matter of routine for replacing the bladder 
after a cystectomy for bladder cancer. 

The two critical developments that allowed the development of 
reconstructive urological surgery in particular were the introduc- 
tion of clean intermittent self-catheterization (CISC) to provide 
emptying of the bladder‘; and the development of an effective arti- 
ficial urinary sphincter (AUS) to produce continence.’ Until these 
two became available the only way of producing both continence 
and adequate emptying was by a ‘controlled obstruction of the blad- 
der outlet—sufficient to give continence most of the time but allow- 
ing bladder emptying by straining and expression when required. 
This was very hit and miss; was rarely achieved; and, when it was, it 
was more by good luck than by good management and very rarely 
sustained in the long term. Although not every patient who under- 
goes a reconstructive procedure these days will require CISC or an 
AUS, the mere fact that they are available means that many patients 
can be offered reconstructive surgery in the knowledge that they 
are there as a reserve should they be necessary. 

These comments apply to reconstructing the urinary tract as 
a whole. More commonly, reconstruction is required for local- 
ized areas of the urinary tract—typically to correct the obstructed 
ureter or urethra due to trauma or stricture. Urethral strictures and 
trauma have a very long history going back thousands of years, and 
urethral dilatation in particular has been used uninterruptedly at 
least since the age of the Pharaohs.® Ureteric strictures and trauma 
are a much more recent entity because they were undetectable until 
the development of imaging; most trauma, sufficient to damage the 
ureter, would probably have been fatal in the days before surgical 
trauma and gynaecological surgical trauma became causes of such 
problems. It is only in the last 100 years that surgeons have devel- 
oped urethroplasty techniques for urethral strictures and trauma— 
and only in the last 40 years that have they been used with any 
frequency; similarly, on a smaller scale, for ureteric surgery. Those 
techniques that had been developed were based on the empirical 
use of local tissue flaps such as the Thiersch-Duplay procedure for 
hypospadias (Fig. 4.1.1),” or based on the principle of the ‘bur- 
ied strip’ technique in which a buried epithelial strip is allowed to 
develop into a tube around a catheter (Fig. 4.1.2),° in just the same 
way that an accidentally buried fragment of epithelium develops 
into a dermoid cyst. 

Modern concepts of urethral and ureteric surgery are based on an 
understanding of the vascularization of tissue and the way in which 
it can be moved around safely and effectively rather than empirically; 
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Fig. 4.1.1 The Thiersch-Duplay approach—rolling up the penile shaft skin to form a tube, followed by wide mobilization of the skin on either side to allow it to be 
closed over the neourethra. (A) The dotted line indicates the incision around the meatus and then, more proximally, as a circumcision to de-glove the penis in (B) and 
(C). (D) Glans ‘wings’ are undermined to allow them to be wrapped around the glanular urethra when the para-meatal skin has been sutured to create that glanular 
urethra. (E) The para-meatal skin has been sutured to create a glanular urethra. (F) The dartos has been separated from the inner aspect of the skin. (G) The dartos layer 
has been sutured over the neourethra. (H) The glans ‘wings’ have been sutured together over the dartos layer. (1) The circumcision has been closed. 

Reprinted from The Journal of Urology, Volume 162, Issue 3, Ross M. Decter et al, ‘Distal Hypospadias Repair by the Modified Thiersch-Duplay Technique with or without Hinging the Urethral Plate: 


A Near Ideal Way to Correct Distal Hypospadias’ pp. 1156-1158, Copyright © 1999, with permission from Elsevier, http://wwwsciencedirect.com/science/journal/00225347 
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Fig. 4.1.2 The ‘buried skin strip’ principle. 


and an understanding of the use of grafts and flaps as a means of tis- 
sue transfer for repair. Using these various methods, we can achieve 
direct closure of a urethral or ureteric defect with rapid and accurate 
restoration of calibre as distinct from the slow erratic process associ- 
ated with the development of a tube from a buried strip of epithelium. 


The nature of reconstructive problems 
in clinical practice 


‘The main causes of problems with which reconstructive urology is asso- 
ciated are congenital and traumatic. Congenital causes include hypo- 
spadias, exstrophy, epispadias, and the other major structural birth 
defects, of which hypospadias is much the most common. Trauma may 
be iatrogenic or non-iatrogenic (‘external’), in which case it might be 
closed or penetrating. Iatrogenic trauma is much the most common. 
The site of the reconstructive problems might be the kidney, 
ureter, bladder, or urethra in either sex; the prostate in men or the 


vagina in women. It may involve other organ systems such as the 
rectum in both sexes; or it may involve more than one other organ 
system such as, for example, when there has been irradiation dam- 
age to the whole pelvis as in the treatment of carcinoma of the cer- 
vix, leaving the patient with a vesicovaginorectal fistula. 

Thus, in theory, problems such as pelviureteric junction obstruc- 
tion and its treatment by pyeloplasty may be regarded as reconstruct- 
ive. In practice this is not generally considered to be the case. For 
the specific purposes of this textbook, hypospadias surgery will be 
considered in the section on paediatric urology and gynaecological 
fistulae will be considered in the section on female urology, although 
these are certainly reconstructive problems. In the next few chapters 
we will consider reconstructive problems of the ureter, bladder, and 
male urethra with particular reference to ureteric trauma, functional 
problems of the bladder, and urethral strictures and trauma. 


General principles of reconstructive 
urology: grafts and flaps 


The general principles of reconstructing the ureter or urethra are 
similar. One either finds a way of bridging a gap between the two 
ends of healthy ureter or urethra on either side of the area of path- 
ology, or finds a way of replacing the affected segment in its entirety 
or, alternatively, of augmenting its calibre if part of the circumference 
is healthy enough for it to be worth preserving and building upon. 

The principles of urethral reconstruction, given that strictures 
and trauma are most common in the bulbar urethra, are that a 
defect after trauma or excision of a stricture, up to a certain critical 
length, may be bridged by virtue of the elasticity (or, to be more 
accurate, the ‘stretchability’) of the bulbar urethra and the ability 
to straighten out its naturally curved course; or otherwise that the 
calibre of a strictured segment can be augmented to restore a nor- 
mal calibre with a patch of extraneous epithelialized tissue, which 
may be in the form of either a graft or a flap. Alternatively, particu- 
larly in the penile urethra where the principles of elasticity/stretch- 
ability do not apply, the urethral circumference may be replaced in 
its entirety, when augmentation with a patch is not possible, by a 
substitution procedure in one or more stages.° 

In the ureter, there is little elasticity/stretchability because there is no 
equivalent of the corpus spongiosum but, nonetheless, there is some 
scope for bridging a gap by extensive mobilization of the ureter on either 
side of a defect. Otherwise the ureter, along with its blood supply, is 
mobilized to be reimplanted into a similarly mobilized bladder to bridge 
a gap. The bladder may be mobilized as a whole, as with the psoas-hitch 
procedure, or in part, as with a Boari flap procedure. Alternatively, the 
ureter may be transposed across the posterior abdominal wall for anas- 
tomosis to the other ureter in transureteroureterostomy.!? 

Because the ureter is of small calibre it is much less amenable 
than the urethra to augmentation if it is structured, and its relative 
inaccessibility makes a staged substitution repair impossible. Thus, 
when the ‘bridging’ techniques referred to in the last paragraph are 
either impossible or inappropriate, the only alternative is interpos- 
ition of a segment of bowel. In theory, this could be between any two 
ends of the ureter but in practice, because of the marked disparity of 
size between the ureter and the bowel, it is best done by constructing 
an ‘ileal ureter’ from the renal pelvis to the bladder. In theory, trans- 
plantation of the kidney into the pelvis to allow direct anastomosis 
of the renal pelvis to the bladder is another way of bridging a long 
ureteric defect—but for a variety of practical reasons, this is often 
not possible. 
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With the bladder, the only problems that arise are the need to 
augment the physically small or functionally abnormal bladder, 
typically for neuropathy, or otherwise to replace it as after cystec- 
tomy for bladder cancer, and to ensure as near normal drainage 
of the ureters as possible—always without obstruction and prefer- 
ably (but not necessarily) without vesicoureteric reflux. The general 
principle of bladder surgery is to produce a structure which is of 
good volume and low pressure, accepting that CISC may be neces- 
sary to empty, although often hoping that the individual will be able 
to empty adequately, if not completely, by straining.!° 


Grafts 


A graft is a piece of tissue which is raised from its normal location— 
the donor site—and transferred to a new location—the recipient 
site—where it is expected to pick up a new blood supply from the 
local circulation. The most commonly used tissues for grafting in 
urology are skin and oral mucosa although others, such as bladder 
mucosa and dermis have been used, and are still used occasionally 
in certain circumstances. A skin graft may be either full thickness 
or partial thickness. An oral mucosa graft is a full-thickness graft. 

Whether or nota graft ‘takes’ in its new location ultimately depends 
upon it establishing a blood supply, and this is achieved by forming 
direct connections between exposed blood vessels on the surface of 
the recipient site and the under surface of the graft itself. In a split- 
thickness skin graft (STSG) this is the intradermal plexus; in a full- 
thickness skin graft (FTSG) it is the subdermal plexus (Fig. 4.1.3). The 
intradermal plexus is almost always denser than the subdermal plexus, 
which makes a STSG more likely to ‘take’ than a FTSG, particularly as 
a STSG is substantially thinner and there is therefore a much smaller 
volume of grafted tissue to be kept alive and revascularized. 1112 

Given that the dermis at the donor site is retained, a large amount of 
STSG can be taken and the donor defect will still regenerate. The dis- 
advantage of a FTSG is not only that the subdermal plexus is less dense 
than the intradermal plexus and the volume of the graft substantially 
greater than a STSG, and therefore that the graft ‘take’ is more haz- 
ardous, but also that there is a limit to the amount of skin that can be 
harvested as the donor site should be closed primarily or grafted itself. 

On the other hand, a STSG, while it has better ‘take’ and is less 
demanding for the donor site, is poor in dermal collagen and con- 
sequently the graft itself tends to contract and become unsightly. 
Whereas a FTSG, although it ‘takes’ less well and is more demand- 
ing on the donor site, is rich in dermal collagen and so there is 
little or no contraction of the graft. This is because dermal collagen 
inhibits the myofibroblasts at the recipient site which cause fibro- 
sis and graft contracture. The absence of contraction makes FTSGs 
much more useful than STSGs in reconstructive urology except to 
provide genital skin cover after trauma or surgery.!!!? 

Mucosal grafts behave like FTSG, but have the advantage that 
instead of separate intradermal and subdermal plexuses there is a sin- 
gle pandermal plexus throughout the dermal layer, which is dense and 
therefore gives the advantage over a FTSG of ‘taking’ more readily (Fig. 
4.1.4). Oral mucosal grafts have therefore largely superseded FTSG in 
reconstructive urology and specifically for use in stricture surgery. 

Oral mucosa can be divided into buccal mucosa from the inside 
of the cheek, labial mucosa from the inside of the lower lip, and 
lingual mucosa from the underside of the tongue. Buccal mucosa 
is more plentiful but labial and lingual mucosa are thinner and 
this may be an advantage in certain situations such as in grafting 
the inside of the fossa navicularis in a patient with a small glans. 
None of the donor sites need to be closed primarily; although some 
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Fig. 4.1.3 Diagrammatic cross section of skin to show the intradermal and subdermal vascular plexuses. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral Strictures, BJU International, Volume 107, pp. 6-27, Copyright © 2011 BJU International, with permission from John Wiley and Sons Ltd. 


surgeons prefer to do so, they can be left to heal by second inten- 
tion. In fact, a labial donor site should never be closed because of 
the deformity it would cause. Evidence suggests that closure of the 
donor site of a buccal mucosal graft is not only unnecessary, but 
may actually cause more swelling and discomfort than leaving it to 
heal by second intention.!* A lingual donor site is routinely closed. 

A graft ‘takes’ at the recipient site by two initially simultan- 
eous processes: imbibition and inosculation.!!-!2 Imbibition is the 


process by which oxygen and nutrients are absorbed by osmosis 
from the fibrin layer between a graft and the recipient bed. In this 
way, a graft can survive for about 48 hours. Inosculation is the pro- 
cess of neovascularization, which causes a physical linkage between 
the microvasculature of the recipient bed and the microvasculature 
on the under surface of the graft. This starts during the phase of 
imbibition and takes a further 48 hours or so to develop to a degree 
that the graft will survive thereafter. Providing the graft is kept still 


Fig. 4.1.4 Diagrammatic cross section of buccal mucosa to show the pandermal plexus. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral Strictures, BJU International, Volume 107, pp. 6-27, Copyright © 2011 BJU International, with permission from John Wiley and Sons Ltd. 


and there is no haematoma between the graft and its bed so that 
this process can physically happen; and if there is no infection by 
haemolytic streptococci or similar organisms that can destroy a 
graft, then a graft will ‘take’ in four days or so. At this stage the 
graft tends to be rather swollen and unhappy-looking because the 
blood supply is tenuous and there is no lymphatic drainage. Over 
the course of the next few months the process of neovascularization 
of the graft from the recipient bed, including development of the 
lymphatic circulation, will progress to completion, which will allow 
the grafted tissue to return to a normal appearance. 

When harvesting a graft, it is important to remember that there 
is a degree of elastic contraction as soon as the graft is harvested. 
Thus, the harvested graft will instantly be 10-30% smaller than it 
was in situ. This is as distinct from contracture once graft ‘take’ has 
completed. Elastic contraction of 10-30% should be anticipated in 
the planning process by harvesting a graft that is apparently larger 
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than is needed for its intended purpose. Then afterwards, FTSG 
contract hardly at all. Oral mucosal grafts contract a little on expos- 
ure to the atmosphere. STSGs contract considerably. 


Flaps 

Flaps are commonly classified according to either their method of 
elevation or by their method of vascularization.!!!? The three main 
types of flap by elevation are: peninsula flaps where there is a full- 
thickness connection with the surrounding tissue; an island flap 
where the skin itself is disconnected but the underlying fascia or 
muscle layer provides vascularization according to the area where 
the flap is raised; or a free flap in which the blood supply is discon- 
nected and re-established by vascular anastomosis at the recipient 
site (Fig. 4.1.5). In all types of surgery, a peninsular flap is the most 
widely used, as is a Z-plasty for revising an untidy scar. An island 
flap is widely used in urethroplasty or cystoplasty when a skin flap 


Fig. 4.1.5 Types of flap according to their method of elevation: (A) and (B) peninsula flaps; (C) an island flap; and (D) a free flap. 
‘Plastic Surgery for the Urologist: Tissue Transfer, Wound Healing, and Tissue Handling’ was published in AUA Update Series, 2002, Volume 21, Jordan GH, pp 98-103, Copyright © American 


Urological Association Inc. 
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Fig. 4.1.6 Types of axial flap according to their vascularity: (A) cutaneous flap; 
(B) musculocutaneous flap; and (C) fasciocutaneous flap. 

‘Plastic Surgery for the Urologist: Tissue Transfer, Wound Healing, and Tissue Handling’ was 
published in AUA Update Series, 2002, Volume 21, Jordan GH, pp. 98-103, 


Copyright © American Urological Association Inc. 


is transferred for repair of a urethral stricture, or when an intestinal 
segment is transferred for bladder augmentation or substitution. 

When classified by their vascularization, flaps may be either ran- 
dom when there is no specific (or ‘named’) vessel supplying the 
tissue—as in most peninsular flaps (e.g. Fig. 4.1.5(A))—or axial 
when there is a specific blood vessel or group of blood vessels. Axial 
flaps (Fig. 4.1.6) may be cutaneous, fasciocutaneous, or myocuta- 
neous depending on whether skin alone is transferred, or skin and 
the underlying fascia, or skin and the underlying fascia and muscle 
are transferred. The most widely used are fasciocutaneous flaps for 
urethroplasty in which the fascia is the dartos. Myocutaneous flaps 
are only used occasionally: an example is the gracilis flap used in 
some types of fistula repair. 

Intuitively, flaps would appear to be better than grafts because 
they carry their own blood supply with them. But the vascular ped- 
icle that carries the blood supply is fragile and vulnerable and the 
range of usefulness of the flap is limited by the axis of rotation of the 
vascular pedicle—except, of course, for free flaps. Grafts therefore 


have a wider range of usefulness but are limited in their use when 
the recipient bed is ischaemic as, for example, after previous sur- 
gery or radiotherapy. In such circumstances, flaps are generally 
more reliable. Both grafts and flaps may be adversely affected by 
microvascular disease as in diabetics or smokers. 


Intestinal flaps in urology 


Although we tend to think of flaps as being composed primarily 
of skin, fascia or muscle, intestinal flaps used for cystoplasty and 
for ileal conduit urinary diversion are also ‘flaps’ and, outside of 
urethroplasty, are probably the most widely used flaps in urology. 
As a consequence of incorporating intestinal flaps into the urinary 
tract, there are five main potential problems to be considered—the 
consequences of removing the gut from its natural site, metabolic 
problems, infection, stones, and malignant transformation. !? 


Consequences of removing the gut from its natural site 

This principally applies to taking a length of the absorptive dis- 
tal ileum, particularly in a patient who has been compromised by 
previous surgery, radiotherapy, or inflammatory bowel disease. 
A short bowel syndrome may result. Diarrhoea may also follow loss 
of the ileocaecal valve. 


Metabolic problems 

The commonest are shifts of water and electrolytes. Water tends to 
follow osmotic gradients through and, particularly for our present 
purposes, between epithelial cells. In this latter respect, epithelium 
has various degrees of ‘leakiness: Stomach is the most leaky, small 
bowel is intermediate, and colon tends to absorb rather than leak 
water.!> On the other hand, most electrolyte shifts are mainly tran- 
scellular. These are generally coupled: thus, sodium is excreted in 
exchange for hydrogen and bicarbonate in exchange for chloride. 
Potassium, ammonia, urea, and creatinine move passively according 
to concentration gradients.!®!7 As a consequence, the use of a stom- 
ach flap as a cystoplasty or a conduit may tend to cause hypochlorae- 
mic metabolic alkalosis. The ileum and colon both secrete sodium 
and bicarbonate and both absorb ammonia, ammonium, hydrogen, 
and chloride. The primary abnormality is the absorption of ammo- 
nia and ammonium. The consequence therefore is a metabolic 
acidosis which is termed hyperchloraemic, even though the absorp- 
tion of ammonia and ammonium is the primary abnormality.!*! 
Jejunum is rarely used simply because it does not usually occur to a 
surgeon to use it, but in fact it can cause the most complicated and 
most dangerous metabolic consequences: a hyponatraemic, hyper- 
chloraemic, hyperkalaemic, metabolic acidosis.!* This is known as 
the ‘jejunal conduit syndrome’ Patients have died from this syn- 
drome and therefore jejunum should not be used even if it might 
seem technically appropriate to do so. When ileum cannot be used, 
it is usually simplest and safest to use a segment of transverse colon. 
In children, the sigmoid colon is more commonly used. 

Thus, in theory at least, patients can be expected to have a hyper- 
chloraemic metabolic acidosis in most instances, because ileum or 
colon are most commonly used for cystoplasties or conduits. This 
is generally compensated, but is uncompensated in about a third of 
patients and associated with frank hyperchloraemia in about half of 
these. Chronic acidosis is generally buffered in bone and in theory 
may affect growth and mineralization in growing children, although 
how far it actually does so is debatable.!8*° Hypocalcaemia, hyper- 
kalaemia, hypomagnesaemia, and hyperammonaemia may occur 
in some. There is always, however, an obligatory water loss of about 


0.5-1.5 litre per day associated with an ileal conduit or an augmen- 
tation ileocystoplasty (more in a substitution cystoplasty) due to 
the ‘leakiness’ of the epithelium; and some degree of absorption of 
some of the constituents of the urine—which may, in some circum- 
stances, be clinically significant. 

In practice the incidence and severity of the metabolic abnormal- 
ity relates to the size of the bowel segment in contact with urine, 
renal function, respiratory function, the presence or absence of sep- 
sis, the patient's general health, and how the metabolic abnormality 
is looked for. In elderly patients with a ureterosigmoidostomy after 
a cystectomy for bladder cancer, with the whole colon exposed to 
urine and reflux of faecal material into the upper urinary tracts, and 
if the metabolic abnormality is looked for by arterial blood gas ana- 
lysis, the incidence is almost universal. In a young fit healthy adult 
having an augmentation cystoplasty for benign disease, having a 
routine venous blood sample the incidence is negligible. 


Infection 

Eighty per cent (80%) of patients with gut segments incorporated 
into the urinary tract have bacteriuria. Consequently, 5-20% of 
them suffer septic episodes each year, particularly in the first year 
after surgery. The normal bowel is in symbiosis with its bacter- 
ial flora and most of the time bacteriuria is not a problem if it is 
asymptomatic. But urine in a sustitute bladder has a lower concen- 
tration of urea and a higher pH which make it less bacteriostatic 
than in a normal bladder which has, in any case, inherent defences 
against bacterial infection. If the bowel is distended, whether it is in 
its normal position or in the urinary tract, bacterial translocation 
through the bladder wall can occur which may in turn cause septic 
problems, particularly if the bowel is distended sufficiently for it 
to have become ischaemic. Therefore, a patient with a cystoplasty 
should not be left in chronic retention—hence an underappreciated 
reason of the importance of regular bladder drainage, as well as an 
explanation of why septic episodes can occur. 


Stones 

There are several factors that contribute to stone disease in patients 
with a cystoplasty such as stasis of urine (as a consequence of poor 
emptying), allowing mucus to accumulate in the presence of bac- 
teriuria. Indeed 86% of stones in a cystoplasty are infective stones.”! 
But the urine is also more alkaline and there is typically a higher 
sodium concentration and proteinuria, a lower calcium and citrate 
excretion, and commonly foreign material in the bladder as well, as 
when staples have been used for the construction of the neoblad- 
der or cystoplasty.?? Dietary factors may also be important—stone 
formers generally have a higher dietary magnesium and phosphate 
intake. Thus, cystoplasty patients are more prone to stone forma- 
tion than are normal patients for a number of reasons, but the 
most important appear to be stasis in the presence of mucus and 
bacteriuria—another good reason for making sure the bladder is 
emptied regularly and completely.?! 


Malignant transformation 

Cancer as a consequence of urine in a bowel segment was first 
noted in patients with a ureterosigmoidostomy as this was the first 
form of urinary diversion using bowel to be widely used.*? Forty 
per cent (40%) of ureterosigmoidostomy patients develop polyps at 
the site of ureteric reimplantation into the sigmoid colon or rectum 
but more importantly there is a 500-7,000-fold increased incidence 
of cancer amounting to a 6-29% (mean 11%) incidence of cancer 
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generally, varying according to whether the ureterosigmoidostomy 
was performed in children or in adults, and was for a benign or 
a malignant condition.”4 The lag time before the development of 
the tumour is usually 10-20 years. Importantly it carries a 35% 
mortality—higher than the ‘natural’ mortality of colon cancer aris- 
ing spontaneously.?° 

These tumours tend to occur precisely at the site of implantation 
of the ureters into the bowel in ureterosigmoidostomy patients, and 
close to the suture line between the urinary tract and the bowel 
in patients with cystoplasties, with 85% being adenocarcinomas 
of bowel origin.?© There are a number of histological markers of 
premalignant change, including keratinizing squamous metaplasia 
and abnormal transitional epithelial mucin distribution, as can be 
found in patients with polyposis coli who are also prone to develop 
bowel cancer. The aetiology of the tumours is unknown. It has been 
postulated that it may be due to the production of nitrosamines by 
the contact of urine with bowel mucosa, superoxide radicals, or to 
the increased expression as something such as epidermal growth 
factor receptors. Nitrosamines in the urine, urinary infection, and 
histological abnormalities associated with premalignant change are 
closely correlated.?” 

For all these reasons, there has been considerable debate about 
how to follow-up these patients.*® The relative incidence of tumours 
seems to mirror the natural incidence of cancer in that part of 
the bowel that the intestinal segment was harvested from and so 
patients with ureterosigmoidostomy or colocystoplasties should 
be followed up routinely by annual endoscopy. Otherwise, patients 
with ileocystoplasties should be advised to return for endoscopy 
if they have haematuria or develop recurrent urinary infection.*? 
MRI may be an alternative to endoscopy. Gastrocystoplasty should 
probably be avoided if possible. 


Other problems 
Hyperammonaemia can be a problem in patients with cirrhosis. 
Glucose re-absorption from the urine may be a problem in diabet- 
ics. Altered drug metabolism, notably with phenytoin and metho- 
trexate and other anti-metabolites (in chemotherapy), may be a 
problem because of absorption of the drugs from the urine.!* 
These principles will be expanded in the following chapters, but 
one other principle of primary importance is always to consider the 
patient’s best interests. Reconstructive urology is often concerned 
with the care of patients who have had a complication of previous 
surgery or other treatment and they want to be returned to normal- 
ity, immediately, as if nothing had happened. The timing and nature 
of revisional surgery in their best interests may not always match 
their desires and reconciling their wishes with their best interests— 
from a surgical perspective—is sometimes difficult. 1? 
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CHAPTER 4.2 


Upper urinary tract 
reconstruction 
Anthony R. Mundy and Daniela E. Andrich 


Introduction to upper urinary tract 
reconstruction 


We referred in the last chapter to the exclusion of pelviureteric 
junction obstruction and pyleoplasty, and similar problems affect- 
ing the renal pelvis infundibula and calices as being outside the 
scope of reconstructive urology for the purposes of this text book. 
In this chapter, we will consider strictures and particularly trauma 
of the ureter—trauma being much more common, in the developed 
world at least. 


Aetiology 


Ureteric strictures may occur as a result of tuberculosis or schis- 
tosomiasis.! Tuberculous strictures may occur at either end of the 
ureter; schistosomal strictures occur primarily in the distal ureter. 
Treatment is medical with the appropriate drug regime—followed, 
when necessary, by surgical correction if an adequate trial of med- 
ical therapy is unsuccessful. In patients with tuberculous strictures, 
a short course of oral steroids at the same time as the initiation of 
the specific drug treatment of the disease may reduce oedema at the 
site and consequently reduce the degree of obstruction at that site 
while that treatment takes effect. 

Ureteric stones are another cause of stricture formation and these 
tend to occur at the common sites of impaction of a stone; there- 
fore, particularly just above the pelvic brim and just outside the 
bladder. 

Trauma is much more common and is mainly iatrogenic.” These 
days the commonest form of trauma is urological endoscopy for 
the treatment of stone disease or ureteroscopy for other purposes.’ 
Until the development of the ureteroscope, the commonest form of 
ureteric trauma was during a caesarean section or a hysterectomy 
or other gynaecological procedure for the treatment of gynaeco- 
logical cancer, particularly squamous cell carcinoma of the cer- 
vix, and particularly when the patient had also had external beam 
radiotherapy.4-° 

Besides gynaecological surgery, ureteric injury is associated with 
colorectal surgery, particularly during a difficult sigmoid colec- 
tomy, and vascular surgery, particularly during difficult surgery for 
an abdominal aortic aneurysm, when the common iliac arteries are 
also involved.” 

External trauma to the ureter is rare and usually involves the 
renal pelvis or pelviureteric junction, particularly in children. Such 
injuries are discussed in a later chapter. Otherwise, ureteric trauma 


is mainly to the upper ureter and due to a penetrating injury, and is 
usually associated with bowel or vascular injuries.8-!° 

In all instances of open iatrogenic trauma, the injury may be a 
contusion, a transection (partial or complete), or a suture/ligation 
injury. Intraluminal injuries are usually contusions, but penetrating 
injuries during laser ureteroscopy or simple ureteroscopy do occur 
(in about 7%), as do occasional avulsion injuries (in about 0.5%) 
during stone extraction. With external trauma contusions, partial 
ruptures and complete ruptures are possible complications. 


Diagnosis 


The clinical features of a ureteric stricture are usually loin pain, 
coupled with features of bladder involvement from the underlying 
disease if present. 

In patients with iatrogenic trauma after abdominopelvic surgery, 
the history of the procedure is the best guide to the nature of the 
problem in a patient who has developed loin pain or abdominal pain 
following the procedure. Loin pain is typical with an obstructed 
ureter, abdominal pain with a partially or completely transected 
ureter and urinary extravasation, but neither symptom is pathog- 
nomonic and both may be present. Indeed, both obstruction and 
transection may coexist. Haematuria is usual but is absent in up 
to 30% of patients and, in any case, does not localize the trauma to 
the ureter.!! Urine leakage from the wound or from a drain is usual 
with transection is usual but may take time to develop: after a cae- 
sarean section or a hysterectomy, urovaginal fistulation is another 
type of presentation. 

The diagnosis of iatrogenic ureteric injury is generally made on 
ultrasound scanning in the first instance and further assessment 
depends on the urgency of the situation. In an urgent situation 
with, for example, complete ureteric obstruction, the ultrasound 
scan (Fig. 4.2.1) may lead to the placement of a percutaneous 
nephrostomy by an interventional radiologist (Fig. 4.2.2), which is 
both diagnostic and—temporarily—therapeutic. Once a percutan- 
eous nephrostomy has been placed, further investigation becomes 
elective. 

In the elective situation, whether or not there has been a radio- 
logical intervention, investigation will usually include com- 
puted tomography (CT) scanning and specifically a CT urogram. 
Extravasation of contrast on a CT scan is diagnostic (Fig. 4.2.3). 
A MAG3 scan with lasix washout assesses obstruction and pos- 
sible loss of renal function (Fig. 4.2.4). In patients with percutan- 
eous nephrostomy, an antegrade ureterogram will demonstrate 
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Fig. 4.2.2 A percutaneous nephrostomy relieves the obstruction and an 
antegrade contrast study shows the obstruction and a leak at that site. 


3 15mins delay 


Fig. 4.2.3 Contrast leak shows on the computed tomography (CT) scan. 


the site and nature of the trauma (Fig. 4.2.2). In partial injuries, 
or chronic long-standing conditions, particularly if a nephrostomy 
or a ureteric stent have been in place for some time, clamping the 
nephrostomy to allow renographic evaluation of kidney function 
may be helpful. 

One type of iatrogenic trauma is commonly associated with 
another type, so when one ureter has been damaged, the other 
ureter should be assessed; and if the ureter has been ligated, it could 
have been transected as well, either completely or incompletely, 
either above or below the ligature. 


LT RT 


Fig. 4.2.4 A MAG3 scan with lasix washout. 


Ureteric injury is rarely considered as a specific diagnosis after 
external trauma, but should always be suspected and excluded or 
demonstrated by a CT urogram. As in any situation, extravasation 
of contrast is diagnostic of ureteric injury. Unfortunately, ureteric 
injury is easily missed even on careful radiological evaluation.!? 


Treatment 


Immediate management 


Intraluminal iatrogenic injuries during ureteroscopy are usually 
identified at the time and, excepting avulsion injuries, can usually 
be managed by passing a guidewire past the traumatized area and 
into the renal pelvis, and then passing a stent over it and leaving it 
for a few weeks. 

If an iatrogenic injury is noted during open surgery, then it might 
be possible to deal with it. Damage to the distal ureter, deep in the 
pelvis, just outside the bladder, is best dealt with by a psoas hitch or 
Boari flap or both, with ureteric reimplantation. Direct end-to-end 
anastomosis is difficult at this site, even if the nature of the injury 
makes it otherwise possible, because access is limited. At the pelvic 
brim or above a partial injury might be repaired over a ureteric stent. 
A short complete rupture may be dealt with by ureteric mobiliza- 
tion on either side and then an overlapping spatulated anastomotic 
repair over a ureteric stent—if conditions, and particularly access, 
allow this. Under adverse circumstances, the safest option is an intu- 
bated ureterostomy in situ—passing an 8 Fr infant feeding tube or 
some similar stent up the ureter into the renal pelvis, through the 
site of the injury and bringing the other end out through the abdom- 
inal wall. If possible and appropriate it is helpful to tack the two ends 
of the ureter to the posterior abdominal wall with a coloured non- 
absorbable suture, as close together as possible to facilitate identifi- 
cation for definitive surgical treatment in the future. 

External trauma to the ureter is dealt with in the same way. 
All types of emergency ureteric surgery are best covered with a 
suprapubic catheter, a wound drain, and an appropriate antibiotic. 

Many instances of iatrogenic abdominopelvic injury to the ureter 
are not noticed until a day or two afterwards or later. The immediate 
management depends on the acuity of the situation and in an acute 
situation, placement of a percutaneous nephrostomy is the emer- 
gency treatment of choice. Thereafter, further treatment depends 
on the general health of the patient. When a ureter has been ligated 
and the patient is healthy and in a good physical condition, it may 
be appropriate to take the patient straight back to the operating the- 
atre as soon as possible and explore the operative site with a view 
to removing the offending ligature. With a completely obstructed 
kidney on ultrasound, either demonstrable ureteric obstruction on 
antegrade ureterography through a percutaneous nephrostomy, an 
inability to pass a ureteric catheter, or perform a retrograde uret- 
erogram at cystoscopy is diagnostic. 

When the ureter has been transected, the patient is more likely 
to be too sick for immediate surgery because of extravasation and 
associated sepsis, but immediate exploration should nonetheless 
be considered with a view to definitive treatment. Surgery within 
the first 48 or 72 hours may be relatively easy and will elimin- 
ate the problem rather than waiting for interval surgery weeks or 
months later. 

When there is evidence of a partial injury—either a partial 
obstruction or partial transection—then the important points are 
to provide urinary drainage and to prevent extravasation. Drainage 
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Fig. 4.2.5 A JJ stent has been passed through the site of the injury. 


will be provided by a percutaneous nephrostomy, but when 
there is extravasation this may continue despite the presence of a 
nephrostomy. An antegrade or retrograde placement of a ureteric 
stent may reduce the degree of extravasation and hasten recovery 
(Fig. 4.2.5).!3-14 A partial obstruction from a ligature may, in theory 
at least, improve in time if it is an absorbable ligature but this is by 
no means to be expected. 

It is important to state at this stage (and we will emphasize both 
points later on in this chapter) that passage of a stent is rarely cura- 
tive in patients with a significant ureteric injury,!> although it may 
make for excellent short-term management; and that whatever the 
nature of the injury, a percutaneous nephrostomy is rarely, if ever, 
‘curative’ of a ureteric injury—how could it be?—it too is merely 
an excellent minimally invasive temporizing procedure to provide 
drainage and limit extravasation. 

In a patient who has passed the emergency and acute phase, with 
or without a stent, the next step, six weeks or so after the injury and 
the placement of the percutaneous nephrostomy, is to re-evaluate 
by antegrade ureterography to look for signs of continuing extrava- 
sation or obstruction. An indwelling ureteric stent is best removed 
with the percutaneous nephrostomy still on drainage. With the 
stent removed, the nephrostomy is clamped, and the patient is 
assessed symptomatically and with a MAG3 renogram with lasix 
washout, to have objective evaluation of outflow obstruction. 

If, at three months, there is still objective evidence of outflow 
obstruction (Fig. 4.2.6), it is not likely to improve any further and 
arrangements should be made for definitive correction of the prob- 
lem. Delayed treatment is associated with a worse outcome and the 
longer the delay the worse the outcome.!> If the patient appears to 
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Fig. 4.2.6 Three months later, after removal of the stent, there is a stricture at the 
site of the injury. 


be unobstructed the percutaneous nephrostomy can be removed, 
but it is sensible to re-evaluate the patient three months later and 
then six months after that before finally concluding that there is no 
likelihood of further trouble. 

Occasionally patients present simply with a ureteric stricture 
1-6 months after the causative injury. A more difficult problem 
is the patient who has had previous irradiation for carcinoma of 
the cervix who develops a delayed and commonly bilateral ureteric 
obstruction, usually 2-3 years after treatment was given, but some- 
times many years later. The ureter is the most radio-sensitive 
abdominal organ!6 and damage from radiotherapy is maximal 4-6 
cm proximal to the ureteric orifices, at the base of the broad liga- 
ment.!” Ureteric strictures occur in about 1% of patients (probably 
more in our opinion) after radiotherapy alone,!® rising to more 
than 5% after the combination of surgery and radiotherapy.!? Such 
patients commonly present with loin pain, or more generalized 
back pain, sometimes with recurrent urinary infection, or other- 
wise the condition is picked up on routine imaging studies done 
as part of the follow-up of the cervical cancer itself. The question is 
always whether this is long-term fibrosis or recurrent tumour caus- 
ing extra-mural ureteric obstruction. It has been suggested that the 
timing of the onset of the obstruction may be relevant, but this is 
not a useful guide. In practice the diagnosis can only be made his- 
tologically, although a PET CT scan may be highly suggestive of a 
tumour if it is sufficiently ‘hot. 

Post-radiotherapy obstruction of the ureters also requires care- 
ful assessment of the bladder as many of these patients, whether 
they have malignant obstruction or not, will be considered for 


reimplantation of the ureter into a psoas hitch or Boari flap to 
relieve their obstruction. This may be difficult if not impossible 
if the bladder is severely affected by irradiation cystitis causing 
a small capacity, thick-walled bladder. The state of the bladder is 
rarely a factor in the surgical correction of the consequences of 
ureteric trauma in women, except after irradiation as they tend to 
have bladders that are larger and with a thinner wall than do their 
male counterparts. Men, particularly with advancing age, may have 
a small capacity and thick-walled bladder due to age-related change 
or bladder outflow obstruction. 

For all these reasons, radiotherapy—like the degree of ureteric 
damage and delay in definitive treatment—is an adverse prognostic 
feature.!> 


Definitive surgical treatment 


It should be stressed that when there has been significant ureteric 
damage, the presence of a stent or a percutaneous nephrostomy or 
both will not stop a stricture from developing. It may stop it from 
being manifest but it will not stop it from developing. Also that by 
three months the die is cast. Thus, if there is evidence of obstruc- 
tion on removing the stent at three months, there is no point in 
replacing the stent in the hope that a longer period of stenting will 
eliminate the stricture. It simply increases the complication rate of 
long-term stenting, not to mention the commonly associated dis- 
comfort, which is sometimes crippling. The longer the ureteric 
problem remains untreated, the more likely the patient is to end up 
having a nephrectomy, which tragically occurs all too often.!> The 
presence of the stent makes surgery more difficult by causing the 
ureter to become thick and relatively much more difficult to work 
with than a ureter that has not been stented. 

Definitive treatment of the ureteric injury depends on the loca- 
tion. The two commonest sites are firstly just outside the bladder 
after gynaecological surgery in women; or at the pelvic brim after 
radiotherapy for gynaecological cancer in women or after colorec- 
tal or vascular surgery in either sex. Occasional uncommon causes, 
such as penetrating trauma or following a right hemicolectomy 
for Crohn's disease tend to occur in the abdominal segment of the 
ureter. In most instances, the damage is over a relatively short seg- 
ment.” Relatively longer segmental damage is more likely to fol- 
low ureteric endoscopy, which may prove relatively difficult to treat 
because of the length itself. 

In both male and female patients with a normal bladder, damage 
to the distal ureter below the level of the pelvic brim is relatively 
(and we do mean relatively!) easily treated by a psoas hitch sup- 
plemented, where necessary, by a Boari flap, coupled with ureteric 
reimplantation. 

When the middle-third of the ureter is involved just above the 
pelvic brim, it may still be possible to do this in women because of 
their relatively larger and thinner-walled bladders, but is unusual 
to be able to do this in a man. However, in both male and female 
patients there is usually still enough of the upper-third of the ureter 
to allow a transureteroureterostomy (TUU). The real problem is 
a stricture for injury of the upper third of the ureter, where there 
is insufficient ureteric length above the diseased/damaged area 
to allow a TUU even when that is coupled with medial mobiliza- 
tion of the ‘recipient’ ureter. In such circumstances, some surgeons 
have resorted to so-called autotransplantation, in which the kidney 
is detached from its normal location and transferred down to the 
pelvis where the renal vessels are anastomosed, as if this was an 


allograft transplant procedure, and the ureteric remnant or renal 
pelvis can be anastomosed directly to the bladder. Unfortunately, 
however attractive this might seem for the surgical enthusiast, it is 
often difficult (if not impossible) because the process which has led 
to ureteric damage that high up will usually have caused sufficient 
damage to the kidney or the surrounding tissues and particularly 
the tissues surrounding the origin of the main vessels to make the 
‘nephrectomy’ component of the autotransplant procedure difficult 
if not frankly dangerous. For this reason, the authors usually prefer 
to create an ileal ureter in which a segment of ureter is mobilized 
and isolated and sutured directly to the renal pelvis and to the blad- 
der. In theory, a segment of ileum could be interposed between two 
ends of ureter, but the size disparity makes a total replacement ileal 
ureter easier and less prone to complications. 


Direct end-to-end anastomosis—ureteroureterostomy 
Occasional short segment injuries, such as following external pen- 
etrating trauma or surgery (e.g. a right hemicolectomy for Crohn’s 
disease) may be amenable to direct ureteroureterostomy. The abil- 
ity to stretch the ureter to allow an overlapping spatulated anasto- 
mosis is somewhat limited, even with full mobilization of both ends 
of the ureter and mobilization of the kidney as well in order to shift 
it downwards to help reduce tension. Nonetheless, it should always 
be considered for high ureteric problem; whereas for distal ureteric 
problems a psoas hitch is probably more secure however short the 
ureteric defect appears to be. 


Psoas hitch, Boari flap, and ureteric reimplantation 

The psoas hitch?! and Boari flap?>? procedures are often regarded 
as two alternatives for dealing with the same problem. Whereas this 
may bea perfectly reasonable approach, we prefer to regard them as 
complementary in providing a step-wise approach to bringing up a 
suitable extension of the bladder from its normal position to allow 
a tension-free reimplantation of the ureter (Fig. 4.2.7). 

The idea of the psoas-hitch procedure is that the bladder is mobi- 
lized all the way around on its anterior and lateral aspects so that it 
is freely mobile and no longer attached by the superior hypogastric 
wing of peritoneum and fascia on each side and attached only by the 
lateral pedicles of the bladder and posteriorly between the two lat- 
eral pedicles. In most patients, male and female, with a normal blad- 
der, it is then usually possible to manoeuvre the dome of the bladder 
so that it reaches the psoas major muscle or psoas minor tendon— 
preferably—if present. When the bladder can be fixed by sutures to 
the psoas minor tendon, or to the psoas major muscle if the psoas 
minor tendon is absent, then it will be apparent if the ureter can be 
implanted into the psoas hitch without tension. If there is tension or 
a significant gap, a Boari flap is raised, of adequate width as well as 
adequate length, to reach up to the ureter, or even, in some females, 
to the renal pelvis in extreme circumstances. 

Occasionally, because the bladder is a sphere and the psoas hitch 
is an attempt to convert it to a flat plate, as far as it is possible to 
achieve this, the longitudinal cystostomy incision may allow only 
a restricted access to the inside of the bladder, or even a restricted 
degree of bladder mobilization. In this case, a series of short trans- 
verse incisions on each side will allow the bladder to be stretched 
upwards more easily. 

Then, from within the bladder, the bladder epithelium can be 
incised at an appropriate point for a ureteric reimplantation and 
a subepithelial tunnel created. The ureter can then be pulled into 
the bladder to create an antireflux subepithelial tunnel of suitable 
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Fig. 4.2.7 A left to right transureteroureterostomy and a tunnelled 
reimplantation of the right ureter into the bladder with a psoas hitch. 

Reprinted from A. R. Mundy, Urodynamic and Reconstructive Surgery of the Lower Urinary Tract, 
Churchill Livingstone, UK, Copyright © 1993, with permission from Elsevier. 


length. A particular advantage of an antireflux type reimplantation 
into the bladder is not so much that it prevents reflux (although this 
may be desirable), but to provide a more secure anastomosis of the 
ureter to the bladder than a simple direct anastomosis can achieve. 

A ureteric stent is then generally placed and the bladder closed 
over a suprapubic catheter. The stent (we use an infant feeding 
tube or a small-calibre Ryle’s tube), is brought out alongside the 
suprapubic catheter. An internal JJ stent can be used but this has the 
disadvantage of having to be removed by a further subsequent pro- 
cedure. We simply get a ‘stentogram’ at 8-10 days postoperatively to 
show that there is no leakage at the anastomosis. Then we remove 
the stent and clamp the suprapubic catheter for a trial of voiding 
and remove the suprapubic catheter the following day. A follow-up 
MAG3 renogram with lasix washout at three months and then at 
one year assures a satisfactory result. 


Transureteroureterostomy 

The damaged ureter is mobilized up to the renal pelvis. This will 
involve mobilization of the ascending or descending colon up as far 
as the hepatic or the splenic flexure depending on the side. Having 
mobilized the damaged ureter, it is usually apparent whether it will 
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reach to the contralateral side for an end-to-side anastomosis. If 
there is any tension at the putative anastomosis, but the degree of 
tension or the gap between the two ureters—depending on how 
you look at it—is not excessive, it can usually be made acceptable 
by mobilization of the kidney downwards, by freeing up its attach- 
ments within Gerota’s fascia; or by mobilization of the contralateral 
or ‘recipient’ ureter towards the midline. To achieve this, the ‘recipi- 
ent’ ureter is fully mobilized, carefully preserving its vasculature at 
the upper and lower end, and carefully dividing the branches that 
run to it from the iliac vessels as far away from the ureter as pos- 
sible. Then, carefully dissecting underneath the mesentery in the 
plane between the superior mesenteric vessels and the great vessels, 
the ureter can be passed over to the contralateral side. An incision 
is then made into the recipient ureter and the spatulated, trans- 
posed ureter is then carefully sutured to it with fine interrupted 
absorbable sutures. A stent should be passed up from the bladder 
into the recipient ureter, and across the anastomosis into the ureter 
and renal pelvis of the transposed side; and the area should then be 
drained to deal with any postoperative extravasation (Fig. 4.2.7).74 

Follow-up is as for the psoas hitch/Boari flap and ureteric reim- 
plantation procedure. 


The ileal ureter 

This was originally developed for use in severe stone disease par- 
ticularly when associated with infundibular stenosis of the lower 
pole calyx. An incision was made through the inferior aspect of the 
renal pelvis, through the renal parenchyma and infundibulum and 
into the lower pole calyx; and an ileal segment was then interposed 
between it and the bladder to allow free drainage of both urine and 
calculous material. When used as an ileal ureter to replace a long 
defect of the upper ureter—leaving an upper end that is too short 
for a TUU—it is best to abandon the remaining ureter and anas- 
tomose the upper end of a segment of ileum directly to the renal 
pelvis and the lower end directly into the bladder. It is possible to 
tailor the ileal segment and attempt a tunnelled reimplantation into 
the bladder, but there seems little point in doing this. In certain 
unusual circumstances (e.g. in bilateral urothelial tumours of the 
upper urinary tract), the ureter and renal pelvis can be excised well 
into the renal sinus on each side and a longer segment of ileum run 
from one side (end-to-end) across to the other side (end-to-side) 
and then down to the bladder (Fig. 4.2.8), or to a substitution cysto- 
plasty if a cystectomy is being performed simultaneously, or simply 
brought out as an ‘ileal conduit?° 


Fig. 4.2.8 An ileal ureter. 
Reprinted from A. R. Mundy, Urodynamic and Reconstructive Surgery of the 
Lower Urinary Tract, Churchill Livingstone, UK, Copyright © 1993, with permission from 


Elsevier. 


Fig. 4.2.9 Combining a psoas hitch and ureteric reimplantation with an 
augmentation cystoplasty in a patient with a small bladder—for whatever reason. 
Reprinted from A. R. Mundy, Urodynamic and Reconstructive Surgery of the Lower Urinary Tract, 
Churchill Livingstone, UK, Copyright © 1993, with permission from Elsevier. 


The irradiated bladder coupled 
with ureteric obstruction 


Sometimes the only reasonable solution is an anterior exenteration 
removing the bladder and any gynaecological remnants (or even a 
total pelvic exenteration) and an ileal conduit urinary diversion, or 
a continent diversion such as a Mitrofanoff procedure. 

Occasionally the bladder may be relatively normal and a psoas 
hitch or Boari flap may be possible, but even in mild irradiation 
cystitis this is unlikely to be achievable. Between the two extremes, 
there may be a bladder which is worth preserving because it has 
some useful capacity and the patient has a functioning sphincter 
mechanism and is continent. In such patients, an augmentation 
cystoplasty may allow preservation of normal voiding as well as 
allowing anastomosis of the healthy ureter(s) to the bladder. One 
possibility is to use the entire native bladder as a flat plate-type of 
psoas hitch/Boari flap and close the bladder by onlaying a patch of 
ileum opened on its antimesenteric border (Fig. 4.2.9). The alter- 
native is to do a subtotal cystectomy and substitution cystoplasty 
using the right colon and reimplanting the affected ureter, or both 
ureters, directly into the cystoplasty or, together, to the ileal tail. 

Most female patients will be able to void spontaneously, as it 
is usual to have a degree of sphincter weakness, which will allow 
voiding by straining and expression. All patients should however 
be counselled that clean intermittent self-catheterization may be 
necessary and it would be unwise to proceed with this sort of sur- 
gery unless the patient has not only consented to self-catheterization 
but has also proved that she can do it. In male patients, the proced- 
ure is rarely indicated but the need for self-catheterization is much 
greater. 
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CHAPTER 4.3 


Lower urinary tract 
reconstruction 
Anthony R. Mundy and Daniela E. Andrich 


Introduction to lower urinary tract 
reconstruction 


For the purposes of this chapter, we will refer to the lower urin- 
ary tract as the combination of the bladder and the sphincter-active 
urethra, in both sexes, as a single functional unit. We will concen- 
trate on the surgical management of the neuropathic bladder, or the 
small capacity bladder for whatever other reason, by augmentation 
cystoplasty; the management of the lower urinary tract after total 
or subtotal cystectomy by substitution cystoplasty; the role of the 
artificial urinary sphincter (AUS) in general and in these latter two 
situations; the posterior urethral complications of the treatment of 
prostate cancer with comments on the lower urinary tract that has 
been impaired by trauma, disease, congenital anomaly or surgery; 
and on lower urinary tract reconstruction after surgery, chemo- 
therapy, and radiotherapy to the pelvis including post-irradiation 
fistulae in both sexes. 

Abnormalities of the female urethra and bladder, such as vesi- 
covaginal fistulae are dealt with in the section on female urology; 
we will only comment on post-irradiation problems. The problems 
of urethral stricture disease are dealt with in the next chapter and 
of urethral trauma in a later chapter. Congenital problems such 
as exstrophy/epispadias, are discussed in the section on paediat- 
ric urology but will be referred to here insofar as they may cause 
persistent problems in later life that require reconstructive urology. 


Augmentation cystoplasty 


Neuropathic bladder 


The neuropathic bladder is dealt with in detail in preceding chap- 
ters, but there are some aspects relating to surgical treatment that 
deserve discussion here. These patients present with incontin- 
ence and some will have recurrent urinary infection. Historically, 
impaired renal functional or frank renal failure was a common 
presenting feature but most patients these days are diagnosed and 
treated early by (clean intermittent self) catheterization and signifi- 
cant loss of renal function is relatively unusual, although always a 
risk. Most patients will have had ultrasound screening of their upper 
tracts and videourodynamic evaluation of the bladder. Most will 
have had a trial of at least one anticholinergic drug together with 
prophylactic antibiotics, when indicated; and failure of response to 
anticholinergic drugs will have led to a trial of intradetrusor Botox 
injections in some, although the short-term benefit to be gained 
by this in patients who are clearly going to have a lifelong problem 


means that some surgeons will regard Botox as a waste of time and 
will proceed directly to more definitive surgery. 

In these patients, the problem in pathophysiological terms is a 
variable combination of uncontrollable overactivity of the bladder, 
a loss of coordination between the bladder and the sphincter, a loss 
of normal bladder sensation, and sphincter weakness. The result is 
a bladder that behaves as if it has a small functional capacity, and a 
spectrum of impaired urinary control between frequency, urgency, 
and urge incontinence at one end of the spectrum and total insens- 
ible incontinence at the other—although other patterns, such as 
chronic retention with overflow, are sometimes seen. 

In such patients, the bladder may be small, thick-walled, and 
trabeculated from long-standing, untreated functional obstruction 
due to detrusor-sphincter dyssynergia; but from the patient’s point 
of view and from a treatment perspective, the actual size of the 
bladder is not the problem—the problem is the absence of control. 
Treatment in these patients by augmentation cystoplasty works, not 
simply by increasing bladder capacity (although this may be valu- 
able in some), but by splitting the bladder more or less completely 
into two halves so that it can no longer contract in a coordinated 
fashion. It will therefore be incapable of emptying involuntarily, the 
patients relying on clean intermittent self-catheterization (CISC) 
to empty voluntarily thereafter—although some patients may be 
able to empty by straining or expression. In this way, the patient 
gains control of bladder emptying. CISC is the price to be paid 
for continence; it is not a side effect or adverse effect of a cysto- 
plasty, it is an inevitable consequence of the acontractile bladder 
that augmentation cystoplasty is intended to cause. Patients with 
neuropathic bladder dysfunction rarely regard this as a major dis- 
advantage because overall they are so much better off with control 
of continence. 


Other problems 


In patients with a small capacity bladder as a result of trauma or 
surgery, or a congenital anomaly such as exstrophy/epispadias, or 
a disease such as tuberculous cystitis, the situation is different. The 
problem is purely and simply the size of the bladder—although 
in congenital anomalies (commonly) and after trauma or surgery 
(occasionally), there may be sphincter incompetence as well. Loss 
of voluntary control is not otherwise a problem because the patient 
has sensation and is capable of instigating a voluntary detrusor con- 
traction. In these patients, an augmentation cystoplasty is specif- 
ically to enhance bladder capacity and the (potential) loss of the 
ability to void spontaneously and the consequent need for CISC 


are significant disadvantages to them, because the overall degree 
of improvement in the quality of life is less dramatic than it is in 
neuropathic bladder dysfunction. 


Evaluation 


The fundamental issues, as always, are the ability of the bladder 
to hold and to empty urine before surgery coupled with an evalu- 
ation of the patient's likely ability to hold and empty urine after 
treatment. Specifically, the ability of the sphincter mechanism to 
provide continence should be assessed before undertaking a cys- 
toplasty on the grounds that if an AUS is going to be necessary, it 
might be appropriate to implant it or at least the cuff at the same 
time as performing the cystoplasty. This most commonly applies 
to patients with neuropathic lower urinary tract dysfunction. It is 
equally important in the patient with pelvic fracture-related ureth- 
ral injuries associated with bladder neck injury and in congenital 
anomalies such as exstrophy/epispadias, bilateral single ectopic 
ureters, and ectopic ureterocoeles that open below the bladder 
neck, because they will almost inevitably have had previous surgery 
and sometimes repeated surgery. To implant an artificial sphincter 
around the bladder outlet after having added a cystoplasty to the 
previous post-surgical scarring may prove impossible, whereas at 
the time of the cystoplasty it might still be possible. 

In short, the surgeon must plan the whole of the patient’s treat- 
ment with an eye on the end goal, rather than concentrating just on 
the successive stages to achieve it. 

As always, CISC is likely to be necessary, or at least a possibility, 
so the patient should be counselled and consented preoperatively 
and shown how to do the technique so that they, in turn, can show 
their carers they are able to perform it. In patients with congenital 
or post-traumatic problems, the condition of the urethra and there- 
fore its catheterizability is often in doubt, and it is therefore sensible 
to cystoscope them. This will allow a check of the urethra and an 
assessment of the capacity and appearance of the bladder. 


Clean intermittent self-catheterization 

Catheterization may be traumatic and a cause of lower urinary tract 
infection, particularly when performed in an unsterile environ- 
ment. The genius of Jack Lapides was to realize that the risk of poor 
bladder emptying as a cause of urinary tract infection and of upper 
urinary tract obstruction were greater than the risks of unsterile 
catheterization, and that CISC would help resolve the symptoms 
of a number of causes of voiding dysfunction, neurological and 
non-neurological, and also give patients a substantial degree of 
independence from their medical and nursing carers.! Since then, 
we have learned to appreciate the distinction between symptom- 
atic urinary tract infection and asymptomatic bacteriuria and the 
value of prophylactic antibiotics in the management of recurrent 
urinary tract infection; atraumatic self-lubricating catheters have 
been developed; and the use of CISC has been extended as a conse- 
quence, for example in the management of urethral strictures. 

The details of CISC vary from patient to patient but, generally 
speaking, self-lubricating hydrophilic catheters are best; a calibre 
of 12-16 Fr suits most patients except young children; and cath- 
eters can be kept clean and used several times—for as long as a 
week—before discarding them. A catheter less than 12 Fr drains 
very slowly; 12-14 Fr drains clear urine but not mucus-containing 
urine (e.g. after a cystoplasty); a 16 Fr catheter can drain cystoplasty 
urine and bloody urine but not clots—and is best for CISC in the 
palliation of urethral strictures. 
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Technique of augmentation cystoplasty 
The fundamental principles of augmentation cystoplasty are: 


+ To mobilize an intestinal segment of an appropriate length on an 
adequate vascular pedicle that will allow the intestinal segment 
to reach comfortably down into the pelvis for anastomosis to the 
bladder remnant. 


+ To recognize when the bladder remnant is not sufficient to allow 
augmentation cystoplasty and when substitution cystoplasty 
should be considered as an alternative. 


+ To avoid, in preparing the bladder, the risk that the intestinal seg- 
ment used as a cystoplasty will be ‘extruded, as it were, to become 
a diverticulum. 


+ To ensure, whenever possible, that when ureteric reimplantation 
is required, the ureters are reimplanted into bladder rather than 
into bowel. 


The reasons for emphasizing these last two points are: 


+ because voiding inefficiency is not a side effect of cystoplasty—it 
is an inevitable consequence of cystoplasty, which is why self- 
catheterization is so commonly required; 


+ because producing a single anatomical and functional unit from 
the bladder remnant and the cystoplasty is the best way of ensur- 
ing adequate emptying whether by straining or by CISC; 


+ because the risk of ‘extrusion’ of the intestinal segment to effect- 
ively become a diverticulum of the bladder is high unless care 
is taken to prevent it, and this may cause difficulty in bladder 
emptying by CISC; 


+ and because ureteric reimplantation into the bladder remnant 
whenever possible is, in the long term, by which we mean decades, 
the best of way of avoiding stenosis leading to loss of renal function. 


In theory, any segment of bowel can be used for augmentation cysto- 
plasty but in practice the ileum is most commonly used. In children, 
on opening the abdomen, it is the sigmoid colon that usually presents 
itself and consequently this is more commonly used in that age group. 

The first step is to expose the bladder and then divide it subto- 
tally in the coronal or sagittal plane almost around to the bladder 
neck on either side (Fig. 4.3.1); hence the use of the term ‘clan’ 
cystoplasty.”3 Then the cut edge of the bladder is measured and an 
ileal segment of that measured length is mobilized on its vascular 
pedicle, 25 cm or so away from the ileocaecal valve to avoid limiting 
the absorptive capacity of the small bowel. Intestinal continuity is 
restored by enteroanastomosis. The mobilized segment is opened 
on the antimesenteric border to create a patch, and the patch is then 
sewn into the bladder to close it up (Fig. 4.3.2). 

When the procedure is being performed for functional bladder 
disorders, as in neuropathic bladder dysfunction, the intestinal 
segment, like the circumference of the bladder at the time of the 
incision, is about 25 cm because in most patients with neuropathic 
bladder dysfunction, the bladder is not actually anatomically small; 
the reduction in capacity is functional. When it is being performed 
for a small capacity bladder because of trauma, surgery, or disease, 
the bladder is prepared in the same way but the cystoplasty seg- 
ment will, of necessity, be somewhat longer than the measured cir- 
cumference of the bladder because the bladder really is small. In 
these cases, during stitching of the gut segment into the bisected 
bladder, the procedure will be completed by suture of the gut 
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Fig. 4.3.1 Augmentation cystoplasty 1. The bladder has been bisected in the 
coronal plane. The ureters have been catheterized for clarity. 


margins together at the upper end on each side to produce a pouch 
of adequate capacity. It is in this group of patients that the patient 
might decide that it is actually better to excise the rest of the bladder 
and perform a subtotal cystectomy and substitution cystoplasty— 
as described below—instead of an augmentation. 

In some instances, when the ureters are to be implanted as well, 
as in undiversion, it might be best to convert the bladder into a 
single flat plate which is sutured to the psoas to fix it open, with 
reimplantation of the ipsilateral ureter and transureteroureteros- 
tomy (TUU) of the contralateral ureter and then suturing an aug- 
mentation cystoplasty of appropriate size on to this bladder plate as 
described and illustrated in the last chapter. 


Substitution cystoplasty 


Indications 


The other common category of patients undergoing lower urinary 
tract reconstruction are those patients with bladder cancer, most 
commonly transitional cell carcinoma of the bladder, in whom 


Fig. 4.3.2 Augmentation cystoplasty 2. An appropriately sized patch of ileum has 
been sutured to the posterior bladder wall. It will now be flipped over to suture 
the other edge to the anterior bladder wall. 


substitution cystoplasty is being considered rather than ileal con- 
duit urinary diversion. Other suitable candidates include occasional 
patients with interstitial cystitis and those with such severe benign 
disease—as described above—that an augmentation cystoplasty is 
unrealistic and substitution cystoplasty is the only realistic option.4 

Rarely, there are patients with unusual bladder tumours such as 
an adenocarcinoma in a urachal remnant involving the dome of the 
bladder, where a wide local excision of the bladder and augmen- 
tation cystoplasty may be appropriate. Patients undergoing partial 
cystectomy as part of a bowel resection for a primary bowel can- 
cer are other potential candidates for augmentation cystoplasty. In 
most patients, the ‘wide local excision’ is often a subtotal cystec- 
tomy, and so the cystoplasty becomes a substitution rather than an 
augmentation. 

‘Thus, we need to consider substitution cystoplasty for patients 
undergoing cystectomy and otherwise for ‘end-stage bladders: 
These are similar as far as the cystoplasty is concerned but two sep- 
arate problems as far as preparing the ‘recipient site. Patients under- 
going cystectomy for transitional cell carcinoma of the bladder will 
be having a radical cystoprostatectomy, in which the bladder neck 
will be removed and the integrity of the urethral sphincter is at risk, 
whereas the others will be having a simple cystectomy preserving 
the trigone, bladder neck, prostate, and urethral sphincter. 


Technique of substitution cystoplasty 


Principles 

The principles are, for all practical purposes, much the same as 
for augmentation cystoplasty except that there is no question of 
the substitution cystoplasty becoming extruded as a diverticulum 
after a radical cystectomy, because there is no bladder remnant to 
extrude it. The other difference is that there is no question of reim- 
planting the ureter into the bladder remnant; the ureters must, of 
necessity, be anastomosed to the bowel. 

After a simple or subtotal cystectomy, there is a risk of diver- 
ticularization because there is a significant, albeit small bladder 
remnant; but, on the other hand, the ability to retain the smallest 
bladder remnant allows the ability to retain the normal vesico- 
ureteric junctions and so the surgeon must decide how much blad- 
der remnant to leave behind to minimize the risk of the former 
without compromise to the latter. 

As always, patients should be counselled about CISC and taught 
the technique, and they must show that they are able to perform 
it. In practice, most men will not need to undergo CISC but most 
women will, and it is not predictable in either sex. 


The cystectomy 
Total cystectomy or cystoprostatectomy for bladder cancer 
In males, the important point is to preserve the urethral sphincter 
mechanism as far as possible by performing a cystoprostatectomy 
in much the same way as one would perform a nerve-sparing rad- 
ical prostatectomy (RP) for prostate cancer. In this way, not only 
is the sphincter preserved but the neurovascular bundles are also 
preserved, which maximizes the changes of continence and also 
might preserve potency as well—although complete preservation 
of normal potency is rare (Fig. 4.3.3).° 

In females, the proximal urethra will need to be transected 
immediately below the bladder neck to preserve the sphincter- 
active urethra. This requires preservation of, and careful dissection 
from, the anterior vaginal wall. 
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Fig. 4.3.3 (A) The appearance of the stump of the urethra and the pelvic floor after cystoprostatectomy. (B) The neurovascular bundles are identified in the middle, and 


(C) the pubourethral sling of levator ani on the right. 


‘These points serve to emphasize the importance of careful assess- 
ment of patients of either sex for this approach to the management 
of their bladder cancer. 


Simple or subtotal cystectomy for benign disease 

If the bladder does not need to be excised, there is an obvious 
advantage in preserving the bladder base, thereby preserving the 
bladder neck sphincter mechanism, trigonal sensation, and the 
vesicoureteric junctions—assuming they are all normal and useful, 
which is by no means always the case. At the very least, preserving 


this area reduces the scale of the surgery and its complications. The 
important point is to remove the bladder as close to these anatom- 
ical landmarks as possible—mainly to avoid the risk of diverticu- 
larization of the cystoplasty, but also because in some conditions, 
such as the Hunner’s ulcer type of interstitial cystitis, preservation 
of the trigone risks persistence of symptoms. 


The substitution cystoplasty 


An intestinal segment of appropriate capacity is mobilized on its 
vascular pedicle and deployed into the pelvis for anastomosis to the 
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urethral stump. There are several ways in which this could be done 
and two, in particularly, have been popularized by Hautmann® and 
by Studer.” Both rely on mobilizing a section of the small bowel then 
reconfiguring it in such a way as to maximize its capacity and min- 
imize its contractility. The ureters are then reimplanted to reduce 
the risk of reflux from the neobladder into the ureters. Abol-Enein® 
has developed a type of cystoplasty with a ureteric reimplantation 
that is specifically designed to prevent reflux. A problem with the 
Hautmann pouch, Studer, and Abol-Enein procedures is that they 
all reply on adequate length of the small bowel mesentery which, 
in our experience, cannot be guaranteed. In 10% of patients, in our 
experience, the mesentery is just too short to allow the small bowel 
to comfortably reach to the urethral stump. 

We have developed a much simpler approach that is based on the 
premise that if you put in a segment with a sufficiently large natural 
capacity, there is no need to modify it and that if you use the colon 
rather than the ileum, the adverse effects on intestinal function are 
minimized. This simplifies the procedure and reduces the risk of 
complications. We mobilize the right colon from the last few centi- 
metres of the terminal ileum around to the junction of the proximal 
and middle-thirds of the transverse colon—at the point where the 
middle colic artery and its bifurcation run into it.> This segment is 
then mobilized on its vascular pedicle, which is the ileocolic artery, 
the right colic artery, and the marginal artery (of Drummond). 
Enteroanastomosis restores intestinal continuity. The gut segment 
is then rotated through 180 degrees, so that the transverse colonic 
end rotates down (anti-clockwise) into the pelvis for anastomosis 
to the urethral stump (Fig. 4.3.4). There is never any hint of tension 
in such an anastomosis because the length of the segment and the 
axis of rotation guarantee it. The ureters are then anastomosed to 
the ileal stump—although, alternatively, they could be individually 
reimplanted into one of the taenia coli, if the surgeon prefers. 


Detubularization of a cystoplasty 

Normal bowel is contractile, most notably in the form of peristal- 
sis, and this can obviously be a potential cause of postoperative 
incontinence after a substitution cystoplasty. But contractility of 
itself is not the only important factor, because peristalsis is not like 
a bladder contraction, in which the entire bladder wall contracts 
synchronously to expel its fluid content; rather, it is a wave of con- 
traction, preceded and followed by relaxation, to squeeze its solid 
content onward. Volume is also a factor. If the natural capacity of an 
intestinal segment being used for a substitution cystoplasty is well 


Fig. 4.3.4 The appearance after a substitution cystoplasty using the right colon. 


over a litre—as is the right colon, as we have described here—then 
a urine volume of, say, 500 mL will hardly cause significant disten- 
sion. If the natural capacity of the segment is substantially less, as 
it is with ileum in the Hautmann, Studer, or Abol-Enein pouches, 
then the same volume will cause considerable distension. In such 
situations, detubularization of the ileal segment and reconfigur- 
ation of it as a pouch serves to increase its capacity significantly. 
The need for detubularization is therefore dependant on the natural 
capacity of the intestinal segment to be used for substitution cysto- 
plasty and not an absolute prerequisite.° 

Every now and then after a substitution cystoplasty (and after 
a continent diversion using a Mitrofanoff procedure) a patient 
becomes incontinent and one is always left wondering whether this 
is due to sphincter weakness (or incompetence of the Mitrofanoff 
‘valve’) or excessive contractility of the bowel segment. This con- 
fusion is not helped by urodynamic evaluation which often shows 
both bowel contractility and sphincter weakness (or leakage 
through the Mitrofanoff catheterizable channel). Suffice to say that 
it may be necessary to go back and ‘patch’ a non-detubularized seg- 
ment to restore continence but the need to do so, in our experience, 
is no greater than the need to go back and patch a detubularized 
substitution cystoplasty. 


Stenosis of the ureterointestinal anastomosis 

It is important to recognize that in the very long term—10 to 
20 years—it is not uncommon for a ureter that is anastomosed to 
a bowel segment to become stenotic, starting at the anastomosis, 
and extending proximally. Why this happens is not clear but slow 
deterioration of a ureterointestinal anastomosis is not uncommon 
and so long-term follow-up of patients with such anastomoses is 
essential to avoid the patient silently developing renal failure. 


Cystoplasty in unusual circumstances 


We routinely use an ileal segment for augmentation cystoplasty and 
the right colon for substitution cystoplasty, but there are occasions 
when either these intestinal segments are not available or their use 
is not appropriate, typically because of previous surgery, radiother- 
apy, or of inflammatory bowel disease. When the patient has had 
repeated abdominal surgery and is at risk of a short bowel syn- 
drome, the transverse colon, or indeed any other part of the colon, 
would be an alternative. The jejunum should not be used for rea- 
sons given in an earlier chapter (Chapter 4.1). When all else fails, 
a segment of stomach can be mobilized on the right gastroepiploic 
artery pedicle and swung down to act as a cystoplasty (or tubular- 
ized to form a conduit). 


Cystoplasty in unusual conditions 


Most of the unusual clinical conditions can be treated in the ‘usual’ 
sort of way. So, the small bladder due to congenital anomalies such 
as exstrophy/epispadias or bilateral single ectopic ureters, or the 
end-stage bladder with interstitial cystitis (the Hunner’s ulcer type, 
not the non-Hunner’s type) can be treated by routine augmentation 
or substitution cystoplasty. 


Follow-up after augmentation 
and substitution cystoplasty 


There are a number of potential complications associated with 
enterocystoplasty,!° which mean that some patients need to be 


followed up. The commonest is urinary infection; the most serious 
is the potential risk of cancer (this was discussed in Chapter 4.1). In 
short, the evidence suggests that patients with colocystoplasties and 
gastrocystoplasties should be followed up by annual endoscopy. 
Patients with ileocystoplasties should be told to come for follow-up 
if they develop haematuria, whether associated with urinary tract 
infection or not, and if they develop de novo recurrent urinary tract 
infection, but do not need routine follow-up. 


The artificial urinary sphincter 


As we mentioned at the beginning of this chapter, the two funda- 
mental principles are that the reconstructed urinary tract should 
hold an adequate volume of urine, requiring an adequate contin- 
ence mechanism, and should be capable of complete emptying. The 
ultimate backup emptying mechanism is CISC; the ultimate backup 
continence mechanism is an AUS. 

For all practical purposes, the AUS refers to the AMS 800° device 
produced by American Medical Systems and developed from 
the original design reported by Scott, Bradley, and Timm in the 
1970s.!! Other devices exist!?-!° with varying degrees of sophisti- 
cation, but none have stood the test of time, whatever their poten- 
tial advantages. 

It is important to remember that the artificial sphincter is pre- 
cisely that; it is a sphincter and it is artificial. It is a sphincter and not 
a means of compensating for abnormal bladder function; indeed, 
one of the critical features for the success of an AUS implant is to 
ensure that any associated bladder dysfunction is controlled before 
implantation. It is artificial and can be expected to give continence 
under sedentary or moderate activity, assuming that any bladder 
dysfunction is controlled, but any abdominal pressure surge, par- 
ticularly when the bladder is full, will cause a degree of leakage 
which may be minor but could be embarrassing for the individual. 
In particular, a golf swing, a tennis service, lifting a heavy object, 
coughing and sneezing, or even just getting out of a low comfort- 
able chair or out of a car, may be associated with a degree of leakage, 
at least with the AMS 800. 


Principles of the artificial urethral sphincter 


The AMS 800 consists of three parts—a cuff, a pressure regulating 
balloon, and a control pump—which are filled with isotonic fluid 
and connected to each other by kink-proof tubing (Fig. 4.3.5). The 
device works on the principle that a fluid-filled inflatable cuff is 
wrapped around a chosen part of the bladder outflow and produces 
compression of it to hold urine in the bladder. This compression 
is produced by the hydrostatic pressure generated by the pressure 
regulating balloon, to which the cuff is connected by means of the 
control pump. The control pump has two parts: a valve mechan- 
ism, which includes a locking mechanism to deactivate the device; 
and a pump which lies between the inlet and the outlet of the valve 
mechanism. This pressure in the system is maintained constantly 
by the pressure regulating balloon, through the control pump, to 
the cuff—except when the pump is squeezed. With each squeeze of 
the pump, 0.5 mL or so of the contained fluid is emptied into the 
balloon. This creates a vacuum in the pump that sucks fluid out of 
the cuff into the pump, thereby emptying the cuff of that amount 
and so reducing the compression of the urethra proportionately. 
In a well-fitting system, the cuff holds about 1-1.5 mL, and so two 
or three squeezes of the pump will empty the cuff through the 
pump and valve mechanism into the pressure regulating balloon. 
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Fig. 4.3.5 The AMS 800 artificial urinary sphincter. 
Reprinted from A. R. Mundy, Urodynamic and Reconstructive Surgery of the 


Lower Urinary Tract, Churchill Livingstone, UK, Copyright © 1993, with permission from 
Elsevier. 


The fluid immediately starts to flow back from the balloon to the 
cuff but this is slowed by the valve mechanism in the control pump 
to give the patient one to two minutes to empty the bladder to 
completion before compression of the bladder outflow is restored 
(Fig. 4.3.6). It is this slow refill of the cuff from the balloon through 
the valve mechanism which means that the device is unable to com- 
pensate for sudden surges in intra-abdominal pressure as described 
above. This is an inherent disadvantage of the device but, on the 
other hand, makes for simplicity in its design and function. Other 
disadvantages!” include the lack of adjustability of the cuff and the 
pressure regulating balloon. There is a range of cuff lengths and of 
balloon pressures to choose from, although in practice these are 
easy to decide and there seems little doubt that the simplicity of the 
device has been responsible for its durability over the 40 years or so 
of its existence. 

Ultimately, as long as the device does not get infected at the 
time of implantation and as long as the area of the bladder out- 
flow within the cuff can withstand the compression without being 
ischaemic (and assuming the patient was appropriately selected and 
the procedure performed competently) its durability is only limited 
by eventual degradation of the material it is made of. This usually 
presents as perforation of the cuff. When material degradation will 
occur is unpredictable but, in our experience, the life expectancy of 
the AMS is about 10-15 years. In practice, this means that if a man 
with post-prostatectomy incontinence—for example—has a device 
that is working satisfactorily three months or so after implantation, 
then it will probably last for the rest of his life. 

The pressure within the pressure regulating balloon is deter- 
mined by the tension in the wall of the balloon in relation to the 
volume of fluid that it is filled with. When expressed graphically, 
this pressure-volume relationship is an ‘S-shaped’ curve. As the 
balloon is filled from its initial collapsed state, there is little or no 
rise in pressure for the first 5 mL or so, and the curve is flat. As it fills 
from about 5-16 mL, there is a steady rise in pressure. During this 
rising phase of the curve, the pressure inside the balloon is directly 
related to the filling volume until a plateau phase is reached where 
a constant pressure is exerted despite further filling—at least up to 
a point. The pressure regulating balloon is specifically intended to 
work within the plateau phase in which there is very little pressure 
change for a relatively large change in volume (17-24 mL). If, for 
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Fig. 4.3.6 The direction of fluid flow and pressure in the AMS 800 at rest and on squeezing the pump to empty the cuff and therefore initiate voiding. 
Reprinted from A. R. Mundy, Urodynamic and Reconstructive Surgery of the Lower Urinary Tract, Churchill Livingstone, UK, Copyright © 1993, with permission from Elsevier. 


any reason, the volume within the pressure balloon drops below a 
certain critical level, which is around 16 mL, the pressure will start 
to fall rapidly for very small changes in volume as the pressure- 
volume relationship drops out of the plateau phase into the ascend- 
ing limb phase. This brief introduction to the physics of the device 
is relevant in troubleshooting the device in a patient with postop- 
erative problems. 


Patient selection 


Patients who are suitable for an artificial sphincter are those who 
have pure sphincter weakness incontinence. The best examples are 
men with post-prostatectomy incontinence, with iatrogenic sphinc- 
ter damage but with no detrusor dysfunction, and women with 
genuine stress incontinence. Other suitable cases include sphincter 
weakness incontinence due to trauma. Sphincter weakness incon- 
tinence in women is almost always treated by standard antistress 
incontinence procedures—these days, mainly slings, as described 
elsewhere in this volume—but these fail in some patients and the 
AUS may be used for salvage. In these patients, as after trauma, 
there is usually considerable scarring around the bladder outflow 
which makes the implantation more difficult and the results less 
satisfactory than in post-prostatectomy incontinence. 

More commonly, a patient with neuropathic bladder dysfunction 
may be suitable for implantation of an AUS to correct sphincter 
weakness incontinence after the bladder dysfunction has been cor- 
rected. Bladder dysfunction usually dominates the clinical picture, 
even when significant sphincter weakness incontinence is present. 
This may require anticholinergic medication or intradetrusor injec- 
tion of Botox or an augmentation cystoplasty to correct bladder 
overactivity and clean intermittent self-catheterization to provide 
bladder emptying. These need to be implemented before an AUS 
is implanted. 

Urodynamic evaluation may be helpful in patients with non- 
neuropathic dysfunction to identify bladder dysfunction but is not 
essential in those without symptoms of frequency, urgency, or void- 
ing difficulty. It is, however essential in patients with neuropathic 
dysfunction in whom multiple urodynamic problems are the rule 
and symptoms are unreliable. 


Preoperative preparation 


Critical factors are to make sure that bladder dysfunction has been 
identified and corrected and to make sure that the risk of infec- 
tion of the device is reduced to an absolute minimum. We have 
already referred to bladder dysfunction but the patient with post- 
prostatectomy incontinence may also have a bladder neck con- 
tracture and this needs to be excluded by imaging or endoscopy. 
Urinary infection is excluded by culture within a week of the 
planned implantation. To reduce the risk of postoperative perineal 
contamination, a rectal washout before surgery is helpful. Bathing 
in an antibacterial solution immediately before surgery is also 
helpful. 

‘There are a variety of ways of implanting the device according 
to the surgeon's inclinations, but there are essentially only two 
approaches: the approach for implantation of the cuff around the 
bulbar urethra in males; and the approach for implantation around 
the bladder neck in either sex. 


Implantation of a bulbar urethral artificial sphincter 

The commonest indication for implantation of an AUS is post- 
prostatectomy incontinence and here the cuff is almost always 
implanted around the bulbar urethra.!® 

Ideally one would be able to put all the components of the arti- 
ficial sphincter in through one incision but this is fraught with 
problems, even in expert hands. We prefer to use two separate 
incisions: a midline perineal incision to place the cuff around the 
bulbar urethra; and a right groin incision to implant the pressure 
regulating balloon intra-abdominally, extraperitoneally in the right 
iliac fossa, and the control pump into a dartos pouch in the scrotum 
on that side (Fig. 4.3.7). 

A midline perineal incision is extended down to and through 
the bulbospongiosus muscle. The urethra is then mobilized by div- 
ision of Buck's fascia on either side to allow the creation of a plane 
around the urethra. A purpose-designed measuring tape is placed 
snugly around the urethra and the circumference is measured. This 
will usually be 4.5 cm, sometimes 4 cm, occasionally 5 cm, and 
rarely 5.5 cm. Even if the urethra seems to measure to 4 cm or less, 
the authors will place a 4.5 cm cuff, as many of these patients will 


Fig. 4.3.7 The position of the AMS 800 after implantation in a man with post- 
prostatectomy incontinence. 

Reprinted from A. R. Mundy, Urodynamic and Reconstructive Surgery of the 

Lower Urinary Tract, Churchill Livingstone, UK, Copyright © 1993, with permission from 
Elsevier. 


require catheterization or endoscopy at some stage in the future 
and a 4.5 cm cuff will comfortably allow any form of lower urinary 
tract endoscopy. 

A cuff of the correct size is then flushed with fluid to remove the 
air from the system. This fluid should be isotonic so that there will 
be no osmotic fluid shift after implantation. The empty cuff is then 
implanted at the chosen location. The wound is repeatedly washed 
with copious amounts of antibiotic solution (we use a mixture of 
gentamicin and rifampicin) even though the AMS 800 is coated 
with antibiotics—what AMS call the ‘Inhibizone’ 

A short skin crease incision is made over the right internal 
inguinal ring, through which the rest of the components will be 
placed and all the connections made. This is deepened down to the 
external oblique aponeurosis, which is incised over the internal 
inguinal ring and then deepened to create an extraperitoneal space 
of a size sufficient to accommodate the pressure regulating balloon. 
A 61-70 cmH,0 balloon is usually used. The balloon is flushed free 
of air, as with the cuff, dipped in antibiotic solution (the balloon is 
not coated with Inhibizone) and passed through the internal ring 
into the extraperitoneal space created for it. It is then filled with 
20-25 mL of contrast solution. By putting the balloon in empty and 
then filling it, rather than putting it in already filled, the incision in 
the inguinal canal can be kept as small as possible to reduce the risk 
of subsequent hernia development. 

A subcutaneous tunnel is then made from the inguinal canal to 
the scrotum by blunt dissection, keeping the dissection within the 
scrotum between the skin and the dartos layer, to create a subcuta- 
neous dartos pouch for the control pump, which is filled in the usual 
way. The device is then deactivated by pressing the deactivation 
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button. Finally, the tubing is trimmed to an appropriate length and 
connected with the purpose-made connectors. 


Retropubic placement of an artificial urethral sphincter cuff 
ina male 

This mainly applies to patients with neuropathic bladder dysfunc- 
tion. There are two sites where the cuff might be placed: either 
above the level of the ejaculatory ducts, around the bladder neck 
in patients where the preservation of antegrade ejaculation is desir- 
able; or around the membranous urethra when antegrade ejacula- 
tion is not an important consideration, when a cystoplasty is being 
performed at the same time, or is likely to be performed at some 
stage in the future. The more distal site keeps the cuff away from 
the cystoplasty. Because of the common need for a cystoplasty in 
patients with neuropathy we prefer the membranous urethra site 
for those patients. 

Either way, the first step is to open the retropubic space to expose 
the bladder, the prostate, and endopelvic fascia of the pelvic floor. 
The endopelvic fascia and pubo-prostatic ligaments are then 
incised to expose the prostate and subprostatic urethra lying in the 
pubourethral sling of the levator ani. A curved instrument such as a 
Satinsky clamp is passed around the subprostatic urethra to create a 
plane for the cuff, the calibre of the urethra is measured, and a cuff 
of the appropriate size is implanted. 

For a bladder neck placement, the layer of fascia that encloses 
the bladder neck, prostate, and genital structures must be bro- 
ken through to allow the cuff to be passed between the bladder 
neck anteriorly, and the ejaculatory ducts, ampullae, and vesicles 
posteriorly. A Satinsky clamp can then be insinuated into this 
plane. When there is any difficulty performing this manoeuvre, 
it is helpful to open the bladder to allow the bladder neck and 
trigone to be seen and felt while the clamp is being manipulated 
through. The cuff is then placed and the procedure completed in 
the usual way. 

As the retropubic space is open, implanting the pressure regulat- 
ing balloon is straightforward but for a retropubic cuff we use a 
71-80 cmH,O balloon. The rest of the procedure is as described 
above for a bulbar urethral implant. 


Retropubic placement of an artificial urethral sphincter cuff 

in a female 

Asin the male, the first step is to open the retropubic space to expose 
the bladder, bladder neck, proximal urethra, and the endopelvic 
fascia of the pelvic floor. The endopelvic fascia and pubourethral 
ligaments are then incised to expose and define the region of the 
bladder neck and the fascia around it and between it and the anter- 
ior vaginal wall. A plane is created for the cuff between the fascia 
and the anterior vaginal wall with a Satinsky clamp, as in the male. 
The rest of the implant proceeds as described above for the male 
except that the control pump is placed in a labial fat pad rather than 
a dartos pouch, and it is sensible to ensure that the pressure regu- 
lating balloon is placed outside the true pelvis to avoid problems 
during pregnancy and childbirth. 


Postoperative management 


The timing of activation is debatable. Obviously sufficient time 
should be allowed for the control pump to be manipulated com- 
fortably and we therefore activate our patients about four to six 
weeks after the date of implantation. Activation is achieved by a 
firm squeeze of the pump to dislodge the deactivating valve. The 
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patient is then taught how to use the device. The two points to 
emphasize are: firstly, to squeeze the pump as many times as it 
takes until it no longer refills promptly—to ensure that the cuff 
has been emptied completely—rather than to squeeze it a cer- 
tain number of times; and, secondly, to avoid deactivating the 
device by pressing the deactivation button on the control pump 
accidentally. 


Complications 


These include: infection of the device; erosion, either internal or 
external; stress incontinence; device malfunction; or symptoms 
related to abnormal bladder behaviour.!?-?! 

Infection and erosion are the most serious complications, as the 
device will have to be explanted. As the one inevitably leads to the 
other, it is often difficult to know which came first. Infection/ero- 
sion of the device occurs in about 2-4% of patients, which is about 
the same as for any implant. It rarely occurs, except as a result of 
contamination during implantation. It is therefore usually an early 
complication, which presents with redness, thickening, and ten- 
derness of the tissues around the cuff and pump and around the 
incisions. It may be difficult, at first, to distinguish from a simple 
wound infection but this will settle completely with antibiotic treat- 
ment over a week or so. Although the clinical features may improve 
with antibiotics, true infection of the AUS is rarely, if ever eradi- 
cated, and it will be necessary to remove the device and reimplant 
another one three to six months later. If there is any doubt, an ultra- 
sound scan or MRI of the device will usually settle the question. If 
there is any question of erosion internally, endoscopy and examin- 
ation under an anaesthetic will resolve the issue. 

Other problems are usually difficult to define from the clin- 
ical presentation. Nonetheless, examination may show features of 
local infection/erosion, that the device has been deactivated acci- 
dentally, or that the pump can only be squeezed once and then 
refills only very slowly, in which case there has been a leak of fluid 
from the system which can be confirmed radiologically. If clinical 
examination suggests that the device is working normally then it 
almost certainly is and there will be some other explanation for 
the patients problems. Stress incontinence and abnormal bladder 
behaviour are usually apparent from the history and are confirmed 
by videourodynamics. 

As discussed above a degree of stress incontinence is likely in all 
patients. Indeed, it is intrinsic in the design of the device that stress 
incontinence is not compensated for. The valve system of the con- 
trol pump is specifically designed to slow down filling of the cuff 
from the balloon to allow adequate time for voiding after the pump 
has been squeezed, whereas rapid transmission would be necessary 
to compensate in time for surges in intra-abdominal pressure. If 
the patient is more than usually active and the degree of persistent 
leakage is troublesome, then the 61-70 cmH,O pressure regulating 
balloon can be changed for a 71-80 cmH,O balloon. 

Device malfunction is rare until the device is at least a few years 
old. The commonest cause is a leak from a perforation in the cuff. 
The usual reason for this is that creases develop in the cuff with 
long-term use and this leads ultimately to perforation. A leak due 
to a perforation tends to progresses rapidly to complete loss of fluid 
from the system. As a result, a patient who has been continent for 
years suddenly becomes incontinent again over a period of a day or 
two. The leak is revealed by a plain X-ray which shows a deflated 
balloon if the device was filled with contrast. 


The artificial urethral sphincter in conjunction 
with a cystoplasty 


This is contraindicated when the local tissue has been irradiated 
and cannot, therefore, be used, for example, around the female 
urethra after irradiation for carcinoma of the cervix. In unirradi- 
ated patients and particularly in the commonest situation of neuro- 
pathic bladder dysfunction, or after cystectomy and substitution 
cystoplasty, an artificial sphincter can be used. In male patients, it is 
an easy matter to put an artificial sphincter cuff around the bulbar 
urethra if a patient is incontinent after a cystectomy and substitu- 
tion cystoplasty for bladder cancer, assuming it has been proven 
urodynamically that it is due to sphincter weakness incontinence. 
In females, the procedure is much more difficult—hence the need 
for careful patient selection and for careful preservation of the 
sphincter-active urethra and its blood supply and innervation. 

In some patients with benign disease, it might be best to put the 
artificial sphincter cuff, if not the rest of the device, around the 
urethra at the time of their reconstructive procedure, particularly 
in patients who are being reconstructed for exstrophy/epispadias or 
bilateral single ectopic ureters or other unusual circumstances who 
may have had multiple previous procedures and in whom a further 
separate procedure to implant a sphincter at a later date may be 
very much more difficult. Our practice is to put in the cuff on its 
own (which minimizes expense as well as the risk of infection) and 
then to put in the remainder of the device three months or so later 
if necessary having cystoscoped the patient to ensure that there are 
no problems of infection or erosion. 


Lower urinary tract reconstruction 
for complications of the treatment 
of prostate cancer 


There are a number of complications of the treatment of prostate 
cancer of which the best known and most frequently encountered 
are erectile dysfunction and sphincter weakness incontinence. 
Erectile dysfunction is discussed in detail elsewhere in this volume. 
Five other problems concern us here: sphincter weakness incon- 
tinence; bulbo-membranous urethral strictures after either radical 
prostatectomy or radiotherapy; bladder neck contracture after rad- 
ical prostatectomy; prostatic urethral stenosis after radiotherapy; 
and urorectal fistula after either surgery or radiotherapy.” 


Sphincter weakness incontinence 


Most patients have a degree of sphincter weakness incontinence 
(SWI) after RP but not to a degree they find troublesome; maybe 
just enough for them to wear a small pad or just some tissue paper 
in their underpants as a precautionary measure. Some patients will 
tolerate even a substantial amount of incontinence without com- 
plaint whereas others will find any degree of urinary leakage as 
unacceptable. In other words, ‘troublesome’ means different things 
to different people. Assessment and treatment of an individual 
patient must take account of this. Other important factors include 
the measured volume of incontinence; the presence of frequency, 
urgency, and urge incontinence before treatment; the same symp- 
toms since; the nature of the treatment and particularly whether 
any radiotherapy was given; and the time elapsed since treatment. 
There is no effective medical treatment although some patients 
feel a degree of benefit from duloxetine particularly combined with 


physiotherapy to the pelvic floor musculature, especially in the 
early months while the incontinence may improve spontaneously.” 
Likewise, injections of materials such as macroplastique or colla- 
gen can give some temporary benefit particularly in mild degrees 
of incontinence after RP.242 Essentially there are two effective 
treatments—the AUS and the male sling*°—although the effective- 
ness of the male sling and the relative roles of the two procedures 
are controversial.?778 

If a patient is totally incontinent one year after a RP as sole treat- 
ment for his prostate cancer, having been completely asymptomatic 
beforehand, such that he may be completely continent all night (or 
otherwise when lying down) but has to squeeze his penis to get to 
the toilet to void first thing in the morning, and is then totally incon- 
tinent while he is up and around for the rest of the day, and is other- 
wise in good health, then he is an ideal candidate for an AUS. But 
if any of these factors varies significantly, then treatment becomes 
controversial. The controversy is relatively minor if the patient has 
had urge symptoms at any stage, or has had radiotherapy or other 
non-surgical treatment, or is in poor general health because these 
are adverse features for any treatment. It is in milder cases of SWI 
that the controversy exists. At this stage, it is true to say that an AUS 
is the gold-standard of treatment but for minor degrees of incontin- 
ence, the male sling may be just as effective with the advantage that 
there is no manipulation needed for it to function. The three ques- 
tions to be answered for the male sling are: firstly, at what volume 
of leakage does the sling become unable to cope and only an AUS 
will be effective; secondly, are there any other reliable predictors of 
success or failure; and, thirdly, what is its long-term effectiveness. 
At present, there is only data up to three years of follow-up for the 
male sling, compared to more than 10 years for the AUS. 


Bulbo-membranous urethral strictures 


Urethral strictures are common in men in the age range of those 
being treated for prostate cancer and so some will inevitably have 
a stricture coincidentally. Equally some will develop a catheter 
stricture postoperatively whatever the surgery. But in both these 
situations it is likely to be an isolated bulbar stricture. The stricture 
problem that concerns us here are bulbo-membranous (so-called) 
‘sphincter strictures’ which, by involving the sphincter mechanism, 
may compromise continence as may their treatment. Such patients 
are best managed by urethral dilatation, as this carries the lowest 
risk of further damage to the sphincter, supplemented where neces- 
sary by CISC to help maintain both outflow patency and sphinc- 
teric competence.*? 

Subsphincteric strictures, distinct from the sphincter, may require 
urethroplasty. This is controversial. Some surgeons advocate a trad- 
itional excision and end-to-end anastomosis for short strictures, as 
most surgeons would in normal circumstances. We feel that with 
a stricture so close to the vesicourethral anastomosis, a transec- 
tion of the full thickness of the urethra and the corpus spongiosum 
is unwise because of the degree of damage to the vascularity this 
would cause. The safest approach in our view is a non-transecting 
approach: either a non-transecting excision and end-to-end anas- 
tomosis or a stricturotomy and patch procedure, both of which are 
described in Chapter 4.4. 

Irradiation strictures are more complicated. After external 
beam radiotherapy (EBRT) alone, strictures are short, and are 
not commonly obliterative. They are relatively straightforward to 
treat, as described above, but with a lower success rate. After the 
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combination of brachytherapy (BT) and EBRT, the average stricture 
length is significantly longer and nearly half of the strictures are 
obliterative.>° They are therefore much more difficult to treat with 
correspondingly poorer results. 


Bladder neck contracture 


The anatomy of the bladder neck after a radical prostatectomy 
is sometimes difficult to determine but conceptually the whole 
of the membranous urethra will have been carefully preserved 
up to the level of the verumontanum. ‘This is part of the pros- 
tatic urethra and it is to this point, or just below, that the bladder 
will be sutured to create a new bladder neck. Thus, in theory at 
least, there will be, postoperatively, from above down, the vesi- 
courethral (VUA) anastomosis or bladder neck, a short length of 
inframontanal prostatic urethra, the sphincter-active membran- 
ous urethra, and the bulbar urethra. These may be difficult to 
distinguish radiologically in health because of the typically fun- 
nelled appearance of the VUA down to the physiologically con- 
tracted area of the sphincter, but they can be distinguished when 
a bladder neck contracture (BNC) is present if the contracture 
is restricted to the VUA and has not spread too far distally (as it 
commonly does) (Fig. 4.3.8).?2 

BNC is realtively common. It seems to be more common after 
removal of a large prostate when there is a longer gap to bridge 
with the VUA; and it is more common when there has been post- 
operative bleeding and haematoma formation, which tend to cause 
disruption of the anastomosis. Urinary extravasation from the 
anastomosis will obviously compound the problem. 

Mild contractures can often be managed by instrumentation and 
more substantial contractures by either bladder neck incision or 
resection but the failure rate is high, indeed 27% are reported to 
be refractory to three or more attempts at endoscopic treatment.>! 


Fig. 4.3.8 The funnelled appearance of the bladder base, bladder neck, and 
vesicourethral anastomosis (VUA) after a radical prostatectomy (USM = urethral 
sphincter mechanism). 
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Some patients will either require repeated instrumentation or a 
long-term suprapubic catheter or surgical revision of the VUA. This 
has been infrequently reported but the results would seem to justify 
its more widespread use. 

Several authorities have reported success with urethrotomy 
combined with implantation of a UroLume stent, coupled, when 
necessary, with implantation of an AUS to restore continence.*? 
Long-term follow-up has dampened enthusiasm for this approach 
and a realistic view would be that it should be considered in those 
who wish to avoid major reconstructive surgery, or who are unfit 
for it, as long as they are prepared to accept repeated endoscopic 
intervention to deal with complications related to the stent. Thus, 
the only prospect for a cure for patients with a BNC refractory to a 
trial of instrumental treatment is revision of the VUA.?233 

Many patients have coexisting sphincter weakness incontinence 
but whether or not they had it before revision of their VUA, they 
have a very high risk of it afterwards. All patients should therefore 
be counselled that they should expect to have a two-stage proced- 
ure with revision of the VUA first and then implantation of an arti- 
ficial urinary sphincter three to six months later. 

Revision of the VUA is preformed through a transperineal 
incision. The bulbo-membranous urethra is mobilized up to the 
site of the obliteration and transected; all scarred tissue needs is 
excised until a relatively healthy ‘bladder neck’ can be defined or 
created. This is generally far forwards in the anterior triangle of 
the perineum and so consequently it is usual to have to separate 
the crura for access and common to have to perform an infer- 
ior wedge pubectomy to gain the access necessary to create an 
adequate ‘bladder neck. The urethra is then anastomosed to the 
‘bladder neck. This is not an easy procedure. Indeed, we find that 
revision of a VUA is substantially more difficult than performing 
a bulbo-membranous anastomotic urethroplasty for a pelvic frac- 
ture urethral injury, which seems, at first sight, to be a very similar 
undertaking. 


Prostatic urethral stenosis 


This can occur after EBRT, brachytherapy, cryotherapy, or high- 
intensity focused ultrasound (HIFU) particularly when used 
sequentially. The obstructive problem is compounded in many 
patients by a small contracted bladder due to irradiation cystitis. 

‘These patients often do not tolerate suprapubic catheters because 
of the irradiation cystitis, but they are often poor candidates for 
surgery because of significant co-morbidities as well as being 
prone to poor healing. However, if the stenosis is limited to the 
prostatic urethra, the bladder capacity is 250 mL or more, and the 
patient is fit and motivated, then we would advise a salvage radical 
prostatectomy. 


Urorectal fistula 


Urorectal fistula (URF)?24 is the least common but the most inca- 
pacitating of all the complications of the treatment of prostatic dis- 
ease. There has been a considerable rise in the reported incidence 
of URF in recent years presumably because RP is much more com- 
monly performed and because there is an increasing use of mul- 
timodality salvage treatment particularly, but not exclusively, with 
radiotherapy. Indeed, before 1997, 3.8% of URF were associated with 
radiation treatment; since then the percentage has risen to 49.6%. 
The diagnosis of URF is straightforward: the patients present with 
urine leakage through the rectum. Some also have pneumaturia 


and/or faecaluria but this is very much less common. When fae- 
caluria is present, it is an adverse prognostic feature. 


Urorectal fistula following RP 


This usually follows a direct injury to the rectum at the time of the 
robotic radical prostatectomy (RRP) and is reported to occur in 
1%.°° If a rectal injury is recognized and repaired at the time then 
in many, if not most instances, the repair heals, and a URF does not 
develop. If the injury goes unrecognized or if an attempted repair 
breaks down, a URF may result. This usually becomes apparent 
within two to three weeks. The first sign is usually urine leakage 
from the rectum. Faecaluria is much more serious as this indicates 
that the leak is large and less likely to be contained leading to local 
infection and abscess formation and, in more severe cases, to sep- 
sis, and to Fournier’s gangrene.*° With prompt surgical attention, 
including wound drainage, suprapubic and urethral catheteriza- 
tion, and a defunctioning ileostomy or colostomy, spontaneous 
healing will occur in 50-75%. 

Minor cases with an early postoperative ‘leak, without constitu- 
tional symptoms, may heal spontaneously—usually within three 
months, before the track has epithelialized. In such circumstances 
a colostomy or ileostomy is unnecessary: the patient can be man- 
aged expectantly with catheterization alone. After three months the 
patient should be reinvestigated; an established URF which has epi- 
thelialized will never heal spontaneously. 

A post-surgical URF is usually small and sometimes only appar- 
ent as an area of tethering on rectal examination. It is usually found 
to arise from the base of the bladder close to the posterior quad- 
rant of the anastomosis, rather than from the anastomosis itself. 
The diagnosis is usually obvious clinically and is confirmed by a 
combined ascending urethrogram and micturating cystogram 
(Fig. 4.3.9). A cystoscopy and examination under general anaes- 
thetic is often helpful in planning treatment. 

A variety of techniques have been described to treat URF but 
there are three main approaches: the transperineal repair3’; the 
York Mason transanorectal sphincter-splitting approach**; and 
the Parks per-anal rectal advancement flap.3? The success rates of 
all three approaches are high, approaching 100%. Needless to say, 
not everybody who may be suitable for surgery wants it and there 
are reports of patients who manage for years with conservative 
management.?? 

The advantages of the transperineal approach are that the urin- 
ary tract and the rectum can be separated and both sides of the 
fistula closed independently; and that a tissue flap—usually the 
gracilis muscle—can be interposed to minimize the risk of recur- 
rence when necessary. Access to the rectum is excellent and the rec- 
tal defect is relatively easily closed in two layers. The bladder base 
defect is more difficult to close because there is less flexibility of the 
tissues and it can often only be closed in one layer. 

The disadvantages of both the Parks and the York Mason pro- 
cedures are that access to the urinary component of the fistula is 
poor and that the exposure does not allow an interposition flap. An 
additional incision is necessary for this. The specific disadvantage 
of the York Mason procedure is the risk of anocutaneous fistulation 
and anal sphincter incompetence as a consequence of its division, 
which is at least part of the reason why the York Mason procedure 
is otherwise obsolete. 

With all of these procedures, a covering colostomy is usually per- 
formed either at the time of the repair or, more commonly, before- 
hand and then closed a few weeks or months later. This means that 
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Fig. 4.3.9 (A) A urorectal fistula following radical prostatectomy (white arrow). (B) There is a direct communication without an intervening cavity clearly seen on both 


the urethrogram and the MRI scan. 


for many, if not most patients, these are three-stage procedures, 
although experience shows that if it was not necessary acutely at its 
onset, a covering colostomy is unnecessary for the definitive repair. 
We certainly do not use one as a matter of routine although it is 
always safe to do so. 


Urorectal fistula after radiotherapy, cryotherapy, or HIFU 

This group is entirely different, if only because they often still have 
active disease.??4142 The incidence is up to 10 times higher than in 
non-irradiated patients and is higher still in those who have com- 
binations of treatment, approaching 100% when EBRT and BT 
are followed by salvage HIFU. The URF is generally larger, usually 
about 2 cm, with palpable fibrosis around it on rectal examination. 
Other complicating factors include irretrievable damage to the 
anal sphincter and severe anal stenosis, but this is rare. 

The fistula usually develops 18 months to 3 years after radiother- 
apy and typically follows a biopsy of the anterior rectal wall. This 
should therefore be avoided if at all possible, although close surveil- 
lance of the rectum is clearly important because of the significant 
risk of rectal cancer in irradiated patients. The onset is much less 
dramatic than in post-surgical URF and is rarely associated with 
life-threatening sepsis. A faecal diversion is therefore rarely required 
except for postoperative patients after salvage RP following previous 
failed EBRT. 

Two distinct subgroups can be identified on MRI and retrograde 
urethrography: those with a fistula causing a direct communication 
between the prostatic urethra and the rectum, without an interven- 
ing cavity and with a definable if small prostatic remnant; and those 
with an intervening cavity (Fig. 4.3.10), generally made up of those 
who had had salvage cryotherapy, or HIFU in addition to EBRT 
who have no discernible prostate. 

Even in the patients without cavitation, the urinary tract defect is 
far less amenable to direct closure than in the post-surgical patient 
because of both its size and the limited tissue flexibility. Thus, some 
authors have used a buccal mucosal graft, supported by a gracilis 
flap, to close the defect. We prefer salvage RP if the prostate is still 


present because it is more reliable and because the cancer is still 
active in a significant percentage of patients. 

The rectal defect is then closed with inverting interrupted mat- 
tress sutures; the omentum is mobilized as an interposition flap; 
and the VUA is then performed. 

In patients with a cavity, the wall of the cavity and the material 
contained within it is excised transperineally or abdominoperineally 
and a gracilis or omental flap, respectively, is mobilized and deployed 
to obliterate the cavity, or abdomino-perineally using the omentum 
rather than the gracilis to obliterate the cavity and support the VUA. 

The postoperative recovery is slow in all these patients. Healing 
of the VUA may take two to three months and they often require 
protracted wound drainage and up to 12 weeks of catheterization 
before complete healing is shown radiologically and the catheters 
can be removed. Most have limited bladder capacity and poor 
bladder compliance, and therefore have a degree of frequency of 
urination in order to stay socially dry. An AUS for sphincter weak- 
ness incontinence is necessary in about 50%. Interestingly, we have 
never (yet) had an instance of failed closure of the rectal effect; the 
problem, if any, is always with the VUA. 


Omental wrap 


On most occasions, there is no particular concern about any anas- 
tomosis during the types of procedures described but in those 
patients with more unusual conditions or after repeated surgery or 
radiotherapy, the vascularity of the operative field may be impaired, 
or the potential risk of infection or extravasation may need to be 
mitigated, or a potential dead space may need to be filled. These 
problems are best addressed by wrapping the anastomosis with 
the omentum. Omental wrapping will almost certainly mean the 
extension of a midline abdominal incision up to the xiphisternum, 
mobilizing the omentum from the transverse colon and the greater 
curvature of the stomach on its right gastroepiploic arcade and 
redeploying it around any anastomosis so that the risk of infection 
and extravasation may be minimized. 
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Fig. 4.3.10 (A) A urorectal fistula following external beam radiotherapy and salvage high-intensity focused ultrasound (white arrow). (B) There is an intervening cavity 


clearly seen on both the urethrogram and the MRI scan. 


In both situations, affected patients are not only susceptible to the 
complications of surgery, putting the ureters, bladder, and urethra 
at risk, but also to the complications of chemoradiation, which 
both groups commonly receive. Irradiation cystitis and proctitis are 
common and can be incapacitating and are probably more com- 
mon than urologists believe. The problem cases that present uro- 
logically are those in which there is fistulation, particularly those 
that are due primarily to radiotherapy, whether or not surgery may 
be an associated factor. 

In women after treatment for cervical cancer, this normally mani- 
fests itself as vesicovaginal or vesicovaginorectal or, less commonly, 
rectovaginal fistulation. The problems, other than the symptoms 
and other adverse effects of the fistula, such as skin excoriation, are 
chronic pelvic sepsis, a small contracted bladder, a similarly affected 
rectum and vagina; possible compromise of the urinary and fae- 
cal sphincter mechanisms; the possibility of irradiation enteritis 
affecting other parts of the bowel within the irradiated area; and, 
especially, at least some degree of compromised healing if surgical 
intervention is contemplated. 

In patients of either sex after anterior resection of the rec- 
tum,“ fistulation from the coloanal anastomosis is also a poten- 
tial problem—prostatorectal in men and rectovaginal in women. 
Women are relatively protected from complications after abdomi- 
noperineal resection of the rectum because the faecal stream is 
diverted by the end sigmoid colostomy and because of the pres- 
ence of the uterus and vagina. In men, damage to the base of the 
bladder or, more commonly, to the prostatic or membranous 
urethra may leave a fistula through to the perineal wound with 
an intervening cavity in the pre-sacral space, which may be exten- 
sive. This cavity is commonly chronically infected and painful 
(Fig. 4.3.11). 


The state of the bowel is particularly important because the bowel 
is commonly used for surgical salvage of such problems—whether 
as a cystoplasty, a conduit, or a continent diversion. In such circum- 
stances, adequate evaluation of the structure and the function of 
the bowel is therefore important, particularly by radiological con- 
trast studies and colonoscopy. These may indicate where segments 
of bowel are diseased even if they look macroscopically normal at 
laparotomy. When exploring such patients, it is commonly neces- 
sary to do intestinal resections because of the cause of irradiation 
enteritis as well as having to reconstruct the urinary tract. 


Urethrogram ascend + descend 


Fig. 4.3.11 A cavity behind the bladder and urethra after chemoradiation and an 
abdominorectal excision of the rectum for rectal cancer. 


The principles of treatment are, first and foremost, to be realistic 
and to be honest about the risks of poor healing. Many patients with 
faecal fistulation will already have had a defunctioning colostomy 
or, more commonly these days, ileostomy and will be relatively 
happy with it. So, if a rectal reconstruction fails or is inappropri- 
ate they will have lost nothing. Urine leakage, one way or another, 
coupled with chronic sepsis, is the usual indication for operation. 
The problem, in women, is the potential for curing a vesicovaginal 
fistula by major surgery, and then finding postoperatively that they 
are nearly as wet from sphincter weakness incontinence. Careful 
preoperative evaluation, although essential, may not be very helpful 
in guarding against the risk of this. 

In both sexes, careful excision of heavily irradiated tissue, the 
use of healthy tissue for repair and the liberal use of omental wrap- 
ping to support anastomoses and eliminate dead space are crit- 
ically important. Equally important is the management of the 
postoperative period, which can regularly take up to three months, 
with careful use of catheters, drains and, when necessary, faecal 
diversion. 


Vaginoplasty 


Occasionally there is a need to augment or substitute the vagina for 
congenital or acquired conditions, including those just discussed, 
either as an individual problem or as part of a more generalized 
pelvic reconstruction. In such cases a segment of colon can be 
mobilized, either from the sigmoid colon or as described for substi- 
tution cystoplasty. Indeed, a suitably long segment of colon can be 
split—maintaining vascular continuity—in order to use the bulk of 
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Fig. 4.3.12 Colocysto/vaginoplasty. The right colon and the proximal transverse 
colon have been mobilized on the marginal artery. The bowel has been divided 
into two parts, carefully maintaining the continuity of the vascular pedicle. The 
proximal two-thirds will be anastomosed to the bladder remnant as a substitution 
cystoplasty. The distal third will be sutured to the introitus as a substitution 
vaginoplasty. 


it for substitution cystoplasty and the remainder of it for substitu- 
tion vaginoplasty (Fig. 4.3.12). 


Continent urinary diversion—the 
Mitrofanoff procedure 


Some patients are simply not reconstructable or are not sufficiently 
healthy to withstand a reconstruction. Simply bypassing the lower 


Fig. 4.3.13 The ‘classic’ Mitrofanoff procedure using either the appendix (A) or the ureter (B) as the continent catheterizable channel. 
Reprinted fromA. R. Mundy, Urodynamic and Reconstructive Surgery of the Lower Urinary Tract, Churchill Livingstone, UK, Copyright © 1993, with permission from Elsevier. 
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urinary tract and performing a Mitrofanoff procedure is an alterna- 
tive, albeit one which we would regard as very much second best. 
Continence after a Mitrofanoff procedure is unreliable; there is a 
high incidence of leakage and of difficulty in catheterization and a 


consequent need for revision. There is also a high incidence of stone 
disease and recurrent infection in such bladders and these adverse 
effects steer us away from the Mitrofanoff procedure when there is 
a reconstructive alternative. Nonetheless, if the choice is between a 


(D) 


Fig. 4.3.14 A Mitrofanoff procedure showing mobilization of the appendix (A) and a taeniotomy of the caecum (B) to allow implantation of the appendix into the 
trench (C), thereby creating a catheterizable channel into the colon (D), which will be used, in this case, as a neobladder. The reimplantation technique creates a valve 


mechanism which acts as a continence mechanism. 


Reprinted from A. R. Mundy, Urodynamic and Reconstructive Surgery of the Lower Urinary Tract, Churchill Livingstone, UK, Copyright © 1993, with permission from Elsevier. 


Mitrofanoff and a conduit urinary diversion, we would go with the 
patient’s wishes if s/he preferred the superior ‘body image’ that goes 
with a Mitrofanoff.49-4” 

If the bladder is normal or relatively normal and the problem 
is with the outflow tract, then a ‘standard’ Mitrofanoff procedure 
is suitable and gives good, if not very good results (Fig. 4.3.13). 
A continent catheterizable channel is created either by creating a 
channel from the abdominal wall to the bladder using the appen- 
dix implanted into the bladder using a tunnel technique to make it 
continent; or, if the appendix is unavailable or unsuitable, the distal 
ureter on one side can be brought out to the skin as the channel 
using the natural ureterovesical junction as the ‘continence mech- 
anism. When the bladder is compromised, some sort of cystoplasty 
is necessary. In those patients who have a useful capacity to their 
native bladder, then an augmentation cystoplasty and the creation 
of a continent catheterizable channel anastomosed to native blad- 
der gives the best outcome in our experience. When the bladder has 
to be removed or has no useful capacity, it will have to be replaced 
by a neobladder. We tend to use the right colon for the neoblad- 
der in a Mitrofanoff, in the same way as we do in any other patient 
requiring a substitution cystoplasty. In such circumstances, it seems 
reasonable to use the native appendix, whenever possible, as the 
continent catheterizable channel (Fig. 4.3.14). 

When the appendix is inadequate or absent, we prefer the Monti- 
type continent catheterizable channel to any alternative. Where 
possible we tend to bring it out through the umbilicus, partly for 
its better cosmetic result but also because the shorter the passage 
through the abdominal wall, the less prone the continent cath- 
eterizable channel is to kinking, and therefore of difficulties with 
catheterization. 


Ileal conduit urinary diversion 


If all else fails or is inappropriate, conduit urinary diversion may 
be in the patient's best interests. Indeed, in the elderly or frail indi- 
vidual or for those who are relatively unconcerned with cosmetic 
issues, an ileal conduit urinary diversion may be the simplest, 
quickest, and easiest way to resolve their problem. It is not with- 
out its problems and, in the long term, the need for revision of a 
retracted stoma, or for a parastomal hernia or for a poorly draining 
loop, is substantial. By and large, these are relatively easy to rect- 
ify compared with the complications of an inappropriately advised 
major reconstructive procedure in an elderly or frail individual for 
whom major surgery is always going to be an unrealistic option. 
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CHAPTER 4.4 


Urethral strictures 
Anthony R. Mundy and Daniela E. Andrich 


Introduction to urethral strictures 


A urethral stricture is a constriction of the lumen of the urethra 
caused by the development of a circumferential scar of the corpus 
spongiosum. By consensus, the term stricture only applies to the 
anterior urethra—that is to say, anatomically speaking, the spongi- 
ose urethra. By the same consensus, constrictions of the lumen of 
the posterior urethra are called stenoses or contractures. 

Urethral strictures have always been common and the history of 
the subject stretches back to 3,000 Bc. Urethral dilators have been 
found in the tombs of the pharaohs so that they might be able to 
catheterize themselves or dilate their own strictures in the afterlife. 

The treatment of strictures has hardly changed since 3,000 sc. In 
the early part of the first century AD, urethrotomy was developed 
for more recalcitrant strictures. Urethroplasty has only been in use 
for the last 100 years or so and only in the last 40 years with any 
regularity. 


Incidence and aetiology 


In the nineteenth century, it was estimated that 30-50% of the adult 
male population had a urethral stricture.! The estimated prevalence 
in the United Kingdom at the moment is about 40 per 100,000, ris- 
ing with age from about 10 per 100,000 in young adults to over 100 
per 100,000 in the elderly.” 

Historically strictures were due either to gonococcal ureth- 
ritis or to fall-astride injuries. Gonococcal urethral strictures are 
still prevalent in many parts of the world and trauma is increas- 
ing everywhere. Most strictures these days in the developed world 
occur for no apparent reason (Table 4.4.1).? They typically occur 
at the junction of the proximal and middle-thirds of the bulbar 
urethra, are found in young adults and have a typical membrane- 
like appearance—radiologically and at the time of surgery (Fig. 
4.4.1). Whether these are simply idiopathic or whether they have 
a congenital basis is not clear. However, there is a body of opin- 
ion that suggests that these are congenital, occurring, as they do, 
at the junction of that part of the urethra that is common to both 
sexes and is derived from the urogenital sinus, with that part of the 
urethra that is only found in males and is derived from the ureth- 
ral folds, where normal continuity between the two develops in the 
foetus due to rupture of the urogenital membrane.* 

That aside, the other causes of urethral strictures include lichen 
sclerosis (LS), scarcely recognized 40 years ago® and, in the trauma 
category, iatrogenic trauma—the new scourge. Iatrogenic strictures 
of the urethra typically follow instrumentation and the greater 
the degree of instrumentation the greater the likelihood of stric- 
tures. Thus, passage of a large calibre resectoscope for transurethral 


Table 4.4.1 Aetiology of urethral strictures 


Penile 

Idiopathic 15% 
latrogenic 40% 
Inflammatory 40% 
Traumatic 5% 
Bulbar 

Idiopathic 40% 
latrogenic 35% 
Inflammatory 10% 
Traumatic 15% 


Reproduced from Mundy AR and Andrich DE, ‘Urethral 
strictures’, BJU International, Volume 107, Issue 1, 

pp. 6-26, Copyright © 2011 BJU International, with 
permission from John Wiley and Sons Ltd. 


resection of the prostate has the highest incidence but any form of 
instrumentation of the urethra, including catheterization, may be 
associated with stricture formation. 

The stricture process associated with LS typically starts at the 
external meatus and spreads proximally up the penile urethra. Fall- 
astride injuries typically occur in the middle and proximal thirds 
of the bulbar urethra. Iatrogenic strictures due to instrumenta- 
tion typically affect the meatus, the penoscrotal junction, and the 
sphincter mechanism, spreading more proximally from there. The 
other sites of iatrogenic trauma are related directly to the nature 
of the underlying problem. Thus, strictures following hypospadias 
occur in the distal penile urethra and those arising from anterior 
resection of the rectum, or following radiotherapy for prostate can- 
cer typically occur in the posterior urethra. 


Pathology 


The cause of strictures and their pathogenesis have not been widely 
studied. In many instances, it is probably ischaemia that is the sin- 
gle commonest factor in the development of a stricture, particularly 
with catheter strictures, which have been described as ‘pressure 
sores’ of the urethra. When strictures have been studied histologi- 
cally, the underlying cause seems to be a local change in the lining 
epithelium from its typical pseudo-stratified columnar epithelium 
to a stratified squamous epithelium.® This is a more fragile type of 
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Fig. 4.4.1 A typical idiopathic stricture of the bulbar urethra—short, sharp, and 
at the junction of the proximal and middle-thirds—putatively congenital. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures’, BJU International, Volume 


107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John Wiley 
and Sons Ltd. 


epithelium and tends to split, leading to microscopic foci of fibro- 
sis. The epithelium of the spongiose (anterior) urethra has, in any 
case, no subepithelial support to it comparable to the muscula- 
ris mucosae in the intestine. As a result, when the epithelium is 
breached, there is immediate exposure of the subepithelial spongy 
tissue and, because of the pressure of voiding, extravasated urine 
is forced into the corpus spongiosum under pressure exacerbating 
the fibrosis. 

With the passage of time, and with repeated episodes of the 
underlying cause (such as gonorrhoea), these microscopic foci of 
fibrosis coalesce, and if they become circumferential may lead to 
stricture formation by constriction of the lumen of the urethra. 
They then become obstructive—and obstruction in itself may 
cause squamous metaplasia as described above, thereby potentially 
extending the stricture process proximally (Fig. 4.4.2). 

In experimental animal models, using electrocautery as a model 
of iatrogenic injury, a similar appearance is found of local fibro- 
sis of the corpus spongiosum made worse by urinary extrava- 
sation.” When the urine is infected, the fibrosis spreads more 
widely and more quickly, giving the histological appearance of 
thrombophlebitis. 

The metaplastic change proximal to the definitive stricture 
accounts for the so-called ‘wash-leather’ appearance of the urethra 
at operation when these strictures are explored. Squamous meta- 
plasia may be reversible when the underlying cause is treated or in 
abeyance, but this reversibility cannot be expected. 

At a more detailed level of investigation, it would appear that the 
fibrosis of stricture disease is not the same as in wound healing else- 
where. It is apparent that there is an unusually high proportion of 
type 1 collagen compared with type 3 collagen, which is usually 
prominent in a scar elsewhere.® 

In LS, the pathology is different.’ This condition used to be called 
balanitis xerotica obliterans, and it is still commonly known as this 


Noxious stimulus 
(bacterial, chemical, physical) 


Squamous metaplasia 


Fissures develop in epithelium 


Dod 


Extravasation occurs 


Fibrosis develops in the corpus spongiosum 


Fibrotic plaques coalesce 


If circumferential 


V 


Stricture 


Fig. 4.4.2 Pathology of urethral stricture. 

Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures’, BJU International, 

Volume 107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John 
Wiley and Sons Ltd. 


in the form of its initials BXO. LS/BXO is an atrophic rather than a 
proliferative fibrosis. The cause is not known for sure but there are 
features that suggest an autoimmune cause, although an infective 
cause has been proposed. It typically starts as a patch of whiteness 
on the glans or the prepuce and, as these patches coalesce, so phi- 
mosis may result. Left to itself, the local skin changes of LS pro- 
gress (Fig. 4.4.3). Circumcision is thought to be curative of both 
the prepucial and the glans lesions. When the prepuce is removed, 
the glans ‘dries out. Scarring of the glans, around the meatus, if 
allowed to progress, leads to meatal stenosis, and this meatal sten- 
osis spreads proximally up the urethra—possibly by propagation 
of the LS itself or alternatively by causing obstruction and then the 
squamous metaplasia and progressive fibrosis described above. It 
typically affects only the penile urethra and stops at the junction of 
the bulbar urethra (Fig. 4.4.4). 

In our view, it is best to consider trauma, particularly exter- 
nal trauma, as being an entirely separate condition from stricture 
disease—particularly in the anterior urethra. The pathology is 
entirely different and although the type of surgery for trauma is 
similar to the surgery for stricture disease, the scope and scale are 
entirely different. Comparing an anastomotic repair for a bulbar 
urethral stricture with the same procedure for a straddle injury; or 
the surgery for an iatrogenic sphincter stricture with that for a pel- 
vic fracture urethral injury is like comparing chalk with cheese. The 
pathology and treatment of urethral trauma will be considered in 
Chapter 4.8. 


4.4 URETHRAL STRICTURES 


Fig. 4.4.3 The clinical appearance of worsening degrees of lichen sclerosis: (A) a white rim to the meatus (pathognomonic); (B) loss of the normal contour of the glans 
and the coronal sulcus and meatal regression in a circumcised patient; (C) fusion of the foreskin to the glans in an uncircumcised patient; and (D) as with (C), but with 


oedema and ulceration of the glans. 


Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures, BJU International, Volume 107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John Wiley and 


Sons Ltd. 


The progressive obstruction of the urethral lumen causes void- 
ing dysfunction and, ultimately, secondary effects further up the 
urinary tract. Voiding dysfunction presents as hesitancy, pain, or 
discomfort on voiding, a poor stream, terminal dribbling and, 
importantly, a feeling of incomplete bladder emptying. All these 
symptoms may be present and a poor stream is typical but the sen- 
sation of incomplete bladder emptying is the symptom that is most 
closely linked to urethral stricture disease. Haematuria and urinary 
tract infection may be associated, as may discomfort on voiding, 
but these are less frequent.! 


As the degree of obstruction progresses (Table 4.4.2), so the inci- 
dence of urinary tract infection increases as residual urine in the 
obstructed bladder becomes more common. Haematuria or urin- 
ary tract infection may lead to acute retention in patients with par- 
ticularly tight strictures. Even a very small blood clot can obstruct a 
tightly constricted lumen as can urinary tract infection, by causing 
oedema. 

With progressive long-standing outflow obstruction, the bladder 
tends to become thick-walled and trabeculated, and residual urine 
develops. With recurrent infection, epidydimo-orchitis or prosta- 
titis may develop, and stone formation in the obstructed bladder 
is common. When associated with recurrent infection, fistulation 
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Fig. 4.4.4 The typical appearance of a penile urethral stricture in a patient with 
lichen sclerosus, but not pathognomonic. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures’, BJU International, Volume 


107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John Wiley 
and Sons Ltd. 


through the urethra and into the periurethral tissues may develop, 
which may ultimately lead to the so-called watering can perineum. 

With increasingly prolonged and severe outflow obstruction, 
upper urinary tract emptying is affected and so hydroureteronephro- 
sis develops and ultimately the same problems with the lower urinary 
tract can develop in the upper urinary tract with distension, infec- 
tion, and stone formation, as well as simple loss of renal function. 

Traditional treatment of urethral stricture disease is with ureth- 
ral dilatation or urethrotomy; both may cause progression of the 
urethral stricture disease with longitudinal extension of the fibrosis 
along the length of the urethra, and horizontal extension through 
the urethral wall and into the periurethral tissues. 

Septicaemia and haematuria, or frank urethral bleeding, are also 
common side effects of these types of treatment. 


Clinical assessment 


Patients normally present with obstructed voiding. Although stric- 
tures can present at any age, they become increasingly common 


Table 4.4.2 Complications of untreated 
urethral strictures 


Thick-walled, trabeculated bladder 85% 
Acute retention 60% 
Prostatitis 50% 
Epidiymo-orchitis 25% 
Periurethral abscess 15% 
Stones (bladder, urethra) 10% 
Hydronephrosis 20% 


Reproduced from Mundy AR and Andrich DE, ‘Urethral 
strictures’, BJU International, Volume 107, Issue 1, pp. 6-26, 
Copyright © 2011 BJU International, with permission from 
John Wiley and Sons Ltd. 


with age. Therefore, in many patients over the age of 50, the pros- 
tate may be considered as the source of symptoms rather than a 
urethral stricture, but a urethral stricture should always be borne in 
mind—particularly in younger patients. When trauma is the cause, 
this is usually obvious from the patient’s history. In those with an 
iatrogenic cause the details may be forthcoming, but many patients 
have no memory of, for example, hypospadias surgery as a child 
and only their parents, if still alive, may be able to supply any detail. 
Nonetheless, scarring from surgery will be visible if looked for. 

On physical examination, the important points to notice are 
the stigmata of previous treatment or alternatively the features, 
often undramatic, of LS. Occasionally patients present with acute 
retention. Symptomatic assessment is best made using a standard- 
ized validated questionnaire. The one in longest use is the AUA 
Symptom Score, but this was developed for use in benign prostatic 
hyperplasia. However valuable it may have been shown to be with 
stricture disease in the past, a purpose-designed patient-reported 
outcome measure (PROM) which has been developed specifically 
for urethral stricture disease is better.!° 


Investigation 


The next step in assessment is a urinary flow rate study. Here a dis- 
tinction from benign prostatic hyperplasia (BPH) may be possible 
when this is the likely alternative diagnosis. BPH causes a slow and 
generally intermittent stream. A urethral stricture typically causes 
a slow steady stream with a ‘plateau’ appearance (Fig. 4.4.5). The 
combination of a poor score with a PROM (or AUA Symptom 
Score) and a plateau-type flow rate is more or less diagnostic of 
a stricture. The combination is also useful for following up treat- 
ments after treatment. 

Ultrasound is a useful way of assessing the bladder and particu- 
larly in looking for a thick-walled bladder trabeculated bladder 
and the presence of residual urine. More detailed evaluation is not 
usually necessary, but if the bladder shows any abnormality then it 
is sensible to scan the kidneys as well to look for hydroureterone- 
phrosis. If this is present, then the next step would be to measure 
the serum creatinine. 

The specific diagnostic technique is retrograde urethrography. In 
a retrograde urethrogram (RUG), the urethra is displayed by inject- 
ing contrast retrograde from the meatus upwards and into the blad- 
der. It is important that the study should show the full length of the 
urethra up to and through the urethral sphincter mechanism into 
the prostatic urethra and bladder. The best images are produced 
with the patient in an oblique position and as steeply obliquely as 
possible to show the full length of the urethra. In the anteropos- 
terior plane, the urethra is foreshortened and a stricture may be 
missed or otherwise underestimated in length. 

Many patients with lower urinary tract symptoms undergo cyst- 
oscopy; particularly flexible cystoscopy, at the time of the initial 
consultation. This is very helpful in diagnosing the presence of a 
stricture and even its site, but because the scope cannot be passed 
any further is not very helpful at determining the length or any 
abnormalities associated with the stricture as described above. 
Many urologists will go no further then a flexible cystoscopy, typic- 
ally because for them the treatment is inevitably going to be ureth- 
rotomy and so a urethrogram is not performed. However, it is the 
authors’ view that a urethrogram should always be performed to 
give the detail necessary for proper evaluation. 


Fig. 4.4.5 The typical ‘plateau’ appearance of the flow curve in a patient with a stricture. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures, BJU International, Volume 107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John Wiley and Sons Ltd. 
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Some urologists favour the use of ultrasound of the stricture 
itself. Our view is that although ultrasound may produce impres- 
sive images of the stricture, they tend to be less satisfactory the 
more proximally in the urethra that the stricture is located. 
Unfortunately, the proximal bulbar urethra is the commonest site 
where strictures develop. 


Treatment 


Evaluation with a view to treatment 


In the absence of complications, treatment is for symptoms and if 
the patient’s symptoms are not troublesome, treatment may not be 
necessary. However, symptoms alone are not always reliable. It is 
in this situation that the flow rate is particularly valuable. Thus, if 
the patient has obstructive symptoms, without haematuria or urin- 
ary infection, and a flow rate more than 15 mL per second with 
no abnormality on ultrasound of the bladder, then he can be fol- 
lowed prospectively by watchful waiting, repeating the ultrasound 
and flow rate studies every six months or a year. If the flow rate is 
reduced to 10-15 mL per second, then he should be counselled that 
this is abnormal and that regular review becomes more important. 
Between 5 and 10 mL per second, whether or not there is abnor- 
mality of bladder ultrasound study, the patient should be counselled 
that he is likely to need intervention in the relatively near future. 
With flow rates below 5 mL per second, a definitive treatment plan 
should be made. When there is urinary infection or haematuria or 
urethral bleeding, an abnormality on the bladder ultrasound, and 
particularly if there are abnormalities on the upper urinary tract 
then there should be early definitive treatment. 

In patients who present with acute retention it may be possible, 
with the passage of a catheter, to get through the stricture and pro- 
vide drainage, otherwise a suprapubic catheter is placed. It is com- 
mon experience that catheterization will allow both the bladder 
and the urethra to settle down and improve. Why this improvement 
occurs is not entirely clear. 


Instrumental treatment of urethral strictures 


Traditional treatment of a urethral stricture is by dilatation using 
metal dilators. These are metal rods that are curved at the distal 
end. They come in a graded set usually measured in the French or 
Charriere scale—in which the number refers to the circumference 
in millimetres—from something in the region of six French (6 Fr) 
up to something in the region of 32 French (32 Fr) depending on 
the exact type used. Typically, these urethral dilators or ‘sounds’ are 
passed from smaller to larger size with the intention of dilating the 
urethral stricture gently. Some surgeons have advocated more for- 
cible dilatation at different times in history. There is no evidence 
that either gentle or forcible dilatation produce better outcome in 
terms of cure but forcible dilatation would, intuitively at least, be 
more likely to cause complications. 

The alternative to dilatation is urethrotomy. Although available 
for nearly 2,000 years urethrotomy was initially blind. Urethrotomy 
these days means direct vision internal urethrotomy (DVIU) and 
was introduced by Sachse in 1978.!! In DVIU, an endoscope iden- 
tifies the site of the stricture and allows the passage of an endo- 
scopic blade alongside the telescope, through the stricture to open 
it up. This may be opened in any plane, but dorsally is the thinnest 
part and ventrally is the thickest part of the corpus spongiosum, 
and it seems more sensible to cut into the thickest part to avoid 


Fig. 4.4.6 Endoscopic photograph of a direct vision internal urethrotomy (DVIU) 
through a stricture (with an associated false passage) with a fine ureteric catheter 
(as an alternative to a guidewire) through the stricture to show the way. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures, BJU International, 

Volume 107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John 
Wiley and Sons Ltd. 


perforation of the urethra and damage to the anatomically related 
structures, and specifically, the corpus cavernosum. 

It is safest to pass a guidewire or a ureteric catheter through the 
stricture first as it is remarkably easy to lose one’s way out of the 
urethral lumen without such a guide (Fig. 4.4.6). 

Urethrotomy and dilatation are equally effective for a short sharp 
stricture of the bulbar urethra. For longer strictures and for stric- 
tures in the penile urethra or elsewhere in the urethra, they are 
much less effective. Thus, about 50% of patients with short bulbar 
strictures may be ‘cured’ by a single urethrotomy or dilatation. The 
cure rate is considerably less in other parts of the urethra and if 
urethrotomy or dilatation need to be repeated a second time in the 
bulbar urethra. After two attempts, any further instrumentation is 
never curative.!?-!4 Repeated dilatation may be perfectly satisfac- 
tory palliation as long as it is infrequent and causes no complica- 
tions and specifically septicaemia or bleeding. A minor degree of 
bleeding is not likely to be troublesome, but even a minor degree 
of infection can be troublesome, and serious septic episodes can be 
fatal. A course of prophylactic antibiotics at the time of instrumen- 
tation is therefore sensible. 

Palliation by instrumentation may be particularly valuable for 
the elderly, for the unfit, and when the stricture is in certain loca- 
tions. At the external meatus, the patient can perform the dilata- 
tion himself with a purpose-designed dilator, a bit like a golf tee. 
More proximal strictures—so-called ‘sphincter strictures’ after a 
prostatectomy for BPH or for prostate cancer—are best managed 
by dilatation in order to maintain continence. +15 When the sphinc- 
ter is compromised by stricture formation, then a dilatation may 
be the only way of maintaining both an unobstructed outflow and 


reasonable sphincter function without resorting to a staged form of 
surgery—firstly to excise the stricture and perform an end-to-end 
anastomosis, and then subsequently to implant an artificial urinary 
sphincter to take care of the inevitable incontinence that follows the 
excision of the stricture and the end-to-end anastomotic repair, the 
urethral sphincter being the only remaining sphincter mechanism 
after a prostatectomy. 

Self-dilatation, typically by the passage of a self-lubricating 
catheter of 12-16 Fr calibre is, of course, dilatation by any other 
name.!° Nonetheless, this might be useful to a patient who wishes 
to avoid surgery and particularly for patients who live in difficult 
locations where there is no easy availability of medical care. Self- 
catheterization therefore makes the patient independent of medical 
care, providing all goes well. 


Stents 

Another alternative to urethrotomy and dilatation with or without 
subsequent self-catheterization is implantation of an intraurethral 
stent. There are two urethral stents that have been used in patients 
with urethral strictures. The first is the Wallstent or UroLume” 
(Pfizer Inc, UK) and the Memokath® (Engineers and Doctors A/ 
S Ltd, Hornbaek, Denmark). The UroLume is implanted after the 
stricture has been opened up by DVIU and it then becomes incor- 
porated, in time, into the urethral wall. The Memokath is also placed 
after a DVIU, but is not incorporated into the urethral wall. There is 
quite a lot of information in the literature about the UroLume but 
not much about the Memokath.!” There was a great deal of enthu- 
siasm about the initial results of the UroLume,!* but unfortunately 
the initial enthusiasm has not been borne out in the long term.!? 
Patients suffer discomfort; it is particularly uncomfortable in the 
bulbar urethra to sit on and it makes using a bicycle almost impos- 
sible; and there is also a marked degree of postmicturition drib- 
bling and a corresponding reduction in ejaculation. In theory, both 
can be removed if they are ineffective. In practice, the Memokath 
can usually be removed fairly simply, but that is not always the case; 
and removing a UroLume usually requires open surgery and, very 
often, a difficult and sometimes staged repair. 

In short, ifa DVIU or urethral dilatation fail or are inappropriate 
for a stricture and if the patient is fit enough and wishes to have fur- 
ther treatment that treatment will be a urethroplasty. 

There are a few patients who have undergone repeated surgery or 
for whom surgery would be too much of an undertaking for whom 
perineal urethrostomy might be a more satisfactory alternative.7° 


Urethroplasty 

As with any tube in the human body, there are three possible 
approaches for dealing surgically with a stricture. Either the stric- 
tured segment can be excised and an end-to-end anastomosis per- 
formed; or it can be excised and replaced; or it can be incised and 
patched to restore urethral calibre.! 

The procedure of choice, currently, is excision and an end-to- 
end anastomosis, as this restores the urethra more closely to nor- 
mal and gives the most satisfactory results in terms of patency and 
durability with the least adverse effects.?! Unfortunately, it can only 
be used for short strictures in the bulbar urethra; short because of 
the limited length of the urethra, and in the bulbar urethra because 
excision of a segment of the penile urethra would cause penile 
buckling on erection. Excision and end-to-end anastomosis is also 
possible in the posterior urethra. This will be covered in the section 
on posterior urethral trauma in Chapter 4.5. 


CHAPTER 4.4 URETHRAL STRICTURES 


When excision and end-to-end anastomosis is not possible 
because of the length or location of the stricture, the next ques- 
tion is whether it is appropriate to preserve the strictured segment, 
open it, and then patch it to restore its calibre; or whether to excise 
it and replace it. There is, at the moment, no possibility of replac- 
ing it with some ‘off-the-shelf’ segment of artificial urethra. It 
can only be replaced using the patient’s own tissues and generally 
because tubed grafts and tubed flaps do not take well, a circumfer- 
ential reconstruction must be done in stages.?* As a consequence 
of this—if for no other reason—a stricturotomy and patch is pre- 
ferred in most instances where an excision and end-to-end anas- 
tomosis is not possible because of the length or location of the 
stricture. Excision and circumferential repair is only performed 
when the affected segment of the urethra has to be excised and 
when the staged approach and the inevitable consequences of that 
are acceptable. 


Bulbar urethroplasty 

Bulbar urethral strictures are the most common type of stricture 
and in the untreated patient, or the patient who has failed to respond 
to only one or two instrumentations, the stricture is usually short 
and to be found at the junction of the proximal and middle-thirds 
of the urethra. Such patients are usually amenable to excision and 
end-to-end anastomosis. 


Anastomotic urethroplasty 

The principles of anastomotic urethroplasty are illustrated in 
Figure 4.4.7. The bulbar urethra is exposed through a midline peri- 
neal incision and mobilized from its attachment to the corpora cav- 
ernosa dorsally, by dividing Buck’s fascia on either side, and from 
its attachment to the perineal body posteriorly. Passing a catheter 
then identifies the strictured segment. The urethra is transected at 
this point and the stricture excised. The two ends are then spatu- 
lated and an overlapping anastomosis performed.!}*? 


Augmented anastomotic urethroplasty 

In some circumstances, the two ends of the urethra can be brought 
together end-to-end without tension but cannot be spatulated 
and overlapped without tension. In such circumstances, an aug- 
mented anastomotic urethroplasty can be performed. Both ends 
are spatulated dorsally and sutured around a buccal mucosal graft 
quilted onto the tunica albuginea (Fig. 4.4.8). The two ends are then 
sutured together ventrally. 12224 


Augmentation urethroplasty—the ‘stricturotomy 

and patch’ procedure 

The anastomotic procedure is possible because of the ‘stretchabil- 
ity (a more accurate term than elasticity) of the bulbar urethra. It is 
limited by the degree to which the urethra can be stretched, spatu- 
lated, and brought together without tension after excision of the 
stricture. 

If the length of the stricture is too long, then a stricturotomy and 
patch procedure is performed. The stricturotomy may be dorsal, 
lateral, or ventral?> in the proximal bulbar urethra—but a dorsal 
stricturotomy is preferred by many (including ourselves”®) because 
the stricturotomy is then through the thinnest and least vascular 
segment of the bulbar urethra, and the patch can be quilted onto the 
tunica albuginea to fix it in place and stabilize more easily. A ventral 
stricturotomy is also possible in the bulbar urethra because of the 
thickness of the ventral corporal spongiosum but it is more difficult 
to fix the graft into position in this segment. 
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Fig. 4.4.7 (A) The principles of a bulbar anastomotic urethroplasty and (B) the postoperative appearance. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures’, BJU International, Volume 107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John Wiley and Sons Ltd. 


The procedure is shown diagrammatically in Figure 4.4.9. The 
urethra is mobilized in much the same way as for an anastomotic 
urethroplasty and a dorsal stricturotomy is then made, opening into 
normal calibre, healthy-looking urethra at either end. The ‘patch’ 
to hold the stricturotomy open thereafter is a graft. Traditionally, 
skin was used as the graft but skin is fastidious and does not take 
as readily as does buccal mucosa harvested from the inside of the 
cheek, so this is now the material of choice.?” Some surgeons close 
the donor site but others feel that this tends to cause more swelling 
and discomfort than leaving the donor site to heal by second inten- 
tion,?8 although this is controversial. 

Having harvested the graft, it is trimmed of extraneous tissue and 
then quilted on to the tunica albuginea in the region of the stric- 
turotomy. The margins of the urethra are then sewn to the margins 
of the graft. 


Follow-up after bulbar urethroplasty 

After either form of bulbar urethroplasty, a catheter of 14 Fr or 16 
Fr calibre is left in the urethra for two to three weeks to allow heal- 
ing and can then be removed. It is safest to perform a pericatheter 


urethrogram before removing the catheter to be sure that the suture 
lines are completely healed. 

Patients are followed up postoperatively according to an individ- 
ual surgeon's protocols—there is no proven means of follow-up. We 
prefer to follow-up the patient with a flow rate and a PROM three 
months after operation and a flow rate, a PROM, and a urethro- 
gram six months after that. Then, if all is well, the patient can be 
discharged. 


Penile urethroplasty 

As mentioned above, excision and end-to-end anastomosis is 
inappropriate in the penile urethra as this would cause buckling of 
the penis and this is uncomfortable at rest let alone on erection. Thus, 
strictures of any length must be treated by a stricturotomy and patch 
procedure unless the urethral segment must be excised for whatever 
reason, in which case a staged repair is performed. Excision and cir- 
cumferential reconstruction is occasionally required for conditions 
such a condition such as amyloidosis, or an arteriovenous malfor- 
mation or tumour, but it is very much more commonly required 
because of severe LS or failure of previous hypospadias surgery. 
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Fig. 4.4.8 The augmented anastomotic repair. The stricture has been excised and both ends spatulated dorsally. A buccal mucosal graft (BMG) has been harvested 
and quilted to the tunica albuginea of the penis (A). The proximal spatulated end of the urethra is beginning to be sutured to the proximal end of the BMG. The distal 
spatulated end of the urethra is retracted with a bulldog clamp (B). When the proximal part of the anastomosis is complete, the distal half is sutured—shown here 


half-finished. 


Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures, BJU International, Volume 107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John Wiley and 


Sons Ltd. 


Simple strictures, suitable for a stricturotomy and patch repair are 
uncommon and usually due to catheterization or instrumentation. 
The best form of procedure for these simple strictures is probably 
the Orandi procedure”? (Fig. 4.4.10) in which the stricturotomy is 
performed ventrally and a flap of ventral penile shaft skin is rotated 
in to close the defect. A period of two to three weeks postoperative 
catheterization follows. 

Occasionally, milder cases of LS stricture disease may be amen- 
able to a stricturotomy or patch, but here the penile urethra is 
mobilized dorsolaterally on one side and a buccal mucosal graft 
quilted in. This technique may, in fact, be used to perform a full- 
length urethroplasty from the fossa navicularis up into the prox- 
imal bulbar urethra. 


For hypospadias salvage, or for more severe forms of penile ureth- 
ral LS, the damaged segment of urethra is excised and replaced 
circumferentially in two stages. At the first stage, the penile shaft 
skin is incised ventrally and the affected segment excised.’ A buc- 
cal mucosal graft or grafts are then harvested and then sutured 
in place to the tunica albuginea to eventually replace the urethral 
circumference along this length. This completes the first stage. It 


is important to ensure that the grafts are at least 2.5-3 cm wide, 
so that the neourethra will be of normal calibre when the grafted 
area is subsequently rolled up to form a tube at the second stage 
(Fig. 4.4.11A). This is performed three to six months later—when 
the appearance is satisfactory (Fig. 4.4.11B). 


n approaches to urethroplasty 
rr 


Currently there is enthusiasm for the idea of avoiding transection of 
the urethra when performing a urethroplasty to preserve the blood 
supply of the urethra should further surgery be necessary at any 
stage in the patient’s life.7!-3> This ‘non-transecting urethroplasty’ 
is finding an increasing number of adherents.*4 The procedure is 
in fact remarkably similar to a normal anastomotic or patch repair, 
but without transection of the bulk of the corpus spongiosum and 
the bulbar arteries within it, thus considerably reducing the degree 
of surgical trauma to the urethra. 

In the penile urethra, the Orandi procedure is, as previously dis- 
cussed, being progressively replaced by the dorsolateral stricturot- 
omy and patch procedure, as for the bulbar urethra, in patients with 
non-obliterative LS or catheter-related strictures.*° And for hypo- 
spadias or LS-related problems involving just the meatus and fossa 
navicularis, the excision and circumferential graft repair is increas- 
ingly being done in one stage if circumstances are favourable. 
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Fig. 4.4.9 The principles of the dorsal stricturocomy and patch procedure: (A) dorsal so that diverticularization of the patch on voiding does not occur; 
(B) diagrammatic representation of the procedure; and (C) operative appearance and accompanying diagram (D) of the BMG quilted in place before stitching the 


margins of the urethra to the margins of the graft. 


Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures, BJU International, Volume 107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John Wiley and 


Sons Ltd. 


Complex problems 

Complexity is usually related to the length of the stricture and 
whether or not a substantial part of the circumference of the 
urethra needs to be excised. This particularly applies to LS. Until 
recently there was some enthusiasm for excising the epithelium 
and the fibrotic area of the stricture itself in preserving as much of 


the corpus spongiosum as possible and replacing it with a bladder 
mucosal graft or a graft of colonic mucosa, using the remaining 
corpus spongiosum, within its tunica, to provide vascularization. 
This has been more or less replaced by the extended dorsolateral 
stricturotomy and patch repair described above.*> Should there 
be a shortage of buccal mucosa, then lingual mucosa, from the 


Fig. 4.4.10 The Orandi procedure for a simple penile urethral stricture; the original flap repair: (A) the skin incision through skin and dartos (solid line) and through skin 
alone (dotted line); (B) the dartos vascular pedicle developed; (C) the leading edge of the skin paddle sutured to the urethra; and (D) the following edge of the urethra 
sutured to the other side of the urethra to close it. 

Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures, BJU International, Volume 107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John Wiley and 
Sons Ltd. 


Fig. 4.4.11 The first stage of a staged repair: (A) the diseased urethra has been excised, a glans cleft created, and a BMG quilted in place. (B) Three months later, the graft 


is ready to be rolled up and closed. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral strictures, BJU International, Volume 107, Issue 1, pp. 6-26, Copyright © 2011 BJU International, with permission from John Wiley and 


Sons Ltd. 
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underside of the tongue on each side, will usually provide enough. 
When the urethra does not have to be excised—in other words, 
when it is not completely replaced by fibrosis—then this works 
very well. 

In otherwise unsalvageable situations there has, in the past, been 
recourse to the approach originally described by Johanson*® and 
Swinney,?” in which the strictured urethra is opened up and mar- 
supialized to the surrounding skin. Then, in due course, at a second 
stage, it is rolled up to form a neourethra incorporating as much of 
the marsupialized skin as necessary to give a urethra of adequate 
calibre. This has only very rare indications these days but is occa- 
sionally still useful, although it has a significant complication rate, 
particularly of diverticulum formation, fistulation, and recurrent 
stricture formation. In most situations, either a dorsolateral stric- 
turotomy and patch procedure, or a perineal urethrostomy will be 
more appropriate. 


Future prospects 

It is likely that there will be ‘off-the-shelf’ grafts available before 
long.*®° Currently, sheets of buccal mucosa can be created from 
pinch-grafts taken from the inside of the mouth beforehand. 
Alternatively, it might be possible to actually harvest urethral 
epithelium in a similar way by a preliminary biopsy from near 
the stricture site. How far this will replace autografting with the 
patients’ own oral mucosa remains to be seen, except when this has 
already been extensively harvested. A full-thickness urethral sub- 
stitute including spongiosal tissue as well as epithelium may pro- 
vide an alternative. 
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CHAPTER 4.5 


Upper urinary tract trauma 
Anthony R. Mundy and Daniela E. Andrich 


Introduction to upper urinary tract trauma 


Trauma is the main cause of death in patients under the age of 45. 
Urinary tract trauma occurs in about 10% of patients with abdom- 
inal trauma and the kidney is the most frequently involved urological 
organ. Renal trauma occurs in about 1-5% of all trauma patients and 
the kidney is the most commonly injured abdominal organ.! 

Ureteric trauma is mainly iatrogenic and injuries due to exter- 
nal trauma are rare. It is discussed in detail in an earlier chapter 
(Chapter 4.1). 

Iatrogenic injury of the kidney is rare but does occur, mainly 
during percutaneous renal surgery. The vast majority of injuries 
due to external violence are from blunt injuries, occurring in 80- 
95%. Injuries generally occur as a result of road traffic accidents 
(RTAs), or otherwise as the result of ‘recreational’ trauma during, 
for example, sport. Falls or industrial accidents with heavy machin- 
ery are other causes. RTAs are the commonest cause of serious 
blunt injuries, accounting for about 50% overall, and here the most 
important factor is deceleration injury and particularly the rate of 
deceleration.” This is because rapid deceleration leads to vascular 
trauma and specifically to renal artery thrombosis, renal vein dis- 
ruption, or even avulsion of the entire renal pedicle. Nonetheless, 
the majority of blunt injuries are minor and are managed conserva- 
tively. Only 2-3% of patients require surgical management. 

The remainder 5-20% of injuries are penetrating injuries, either 
stab or gunshot wounds—low velocity or high velocity. The lat- 
ter are associated with particularly severe trauma and most com- 
monly associated with other intra-abdominal injuries.* By contrast 
with blunt injuries, about 55-60% of stab wounds and 75-80% of 
gunshot wounds require surgery.° The ratio of blunt to penetrat- 
ing injuries is partly environmental: penetrating injuries are rare in 
rural areas and much commoner in big cities.® 

‘The results of the treatment of renal injuries have improved consid- 
erably in recent years, mainly as a consequence of the improvement 
in quality of computed tomography (CT) imaging and of selective 
angioembolization, and because of improvement in the general qual- 
ity of critical care.” Guidelines have been produced by the American 
Association for the Surgery of Trauma (AAST)® and more recently by 
the European Association of Urology (EAU).? Santucci has recently 
provided a critical assessment of the EAU Guidelines.! 


Clinical evaluation 
History 


Ideally the patient will be conscious and able to give a history; other- 
wise information about the accident itself may be gleaned from an 
eyewitness and about the patient’s medical history from a relative. 


In RTAs, it is helpful to know whether the patient was a passenger 
or a pedestrian and the speed at impact; in a penetrating injury, the 
nature of the assault weapon; and after a fall, the height. These are 
all guides to the severity of the injury. 

A history of pre-existing renal disease may be present in 4-22% 
of injured patients.!° It is particularly important if there is any sug- 
gestion that there might be a solitary kidney. Obviously in such 
circumstances, every step should be taken to try and preserve the 
function of that kidney. Otherwise pre-existing renal disease may 
manifest itself as an elevated baseline serum creatinine. Other 
important factors are a history of something such as pelviureteric 
junction (PUJ) obstruction, or its treatment, which may predispose 
to rupture of the PUJ. 

The cardinal feature in the history of a patient after renal trauma is 
haematuria—either gross haematuria or microscopic haematuria— 
in the presence of shock. However, even microscopic haematuria 
may be absent in vascular trauma and particularly in children.!! It 
is important, when haematuria exists, to carefully monitor the vis- 
ual progress of haematuria. 


Physical examination 


The most important feature is the haemodynamic stability of 
the patient and specifically whether the systolic blood pres- 
sure has ever, at any stage, dropped below 90 mmHg.!>%!° In 
those with a low blood pressure or other evidence of haemo- 
dynamic instability, the response to resuscitation is important to 
note. This particularly applies to those with serious injuries. The 
response to the first two units of transfused blood may make the 
difference between conservative management and emergency 
surgery. 11213 

The patient should be examined for entry and exit wounds indi- 
cating penetrating trauma and for bruising in the flank, signs of rib 
fractures, abdominal or flank pain and tenderness and, of course, 
signs of other injuries (Fig. 4.5.1). 


Investigation 


CT with contrast is the gold standard. This will show the loca- 
tion of any injury and will specifically identify contusions; devi- 
talized segments; or haematomas or extravasations (Fig. 4.5.2).)? 
A CT angiogram will be the next step for suspected severe injuries 
(Fig. 4.5.3).b9 

Not all patients need CT imaging—only those with haematuria 
and haemodynamic instability.!? If patients have only haematuria— 
particularly microscopic haematuria with no evidence of haemo- 
dynamic instability—then CT scanning is unnecessary, except in 
penetrating injuries, and perhaps in children in whom injuries are 
easily missed. 
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Fig. 4.5.1 Haematoma and general bruising of the left flank in a patient with a 


renal injury. 


Fig. 4.5.2 Computed tomography (CT) scan showing grade 4 renal trauma 
to the right kidney. (A) Cross-section showing the parenchymal injury and 


haematoma; and (B) coronal section showing contrast in the collecting system 


(upper arrow) and extravasated (lower arrow). 
Images reproduced courtesy of Miles Walkden and Alex Kirkham. 


RIGHT 


POST-EMBOLIZATION 


Fig. 4.5.3 Endovascular intervention for significant renal bleeding following a 
blunt injury. (A) Selective angiogram showing pooling of contrast from active 
bleeding; and (B) post-embolization image showing pool of previously leaked 
contrast, but now no flow to area of bleed. 


Images reproduced courtesy of Miles Walkden and Alex Kirkham. 


Ultrasound scanning is of value in the serial evaluation of sta- 
ble injuries but of little value in the acute situation.'* It is quick, 
non-invasive, cheap, and avoids radiation and contrast. It is good 
at identifying lacerations, but not very good at demonstrating their 
depth and severity. It is also good at identifying fluid collections. 
Unfortunately, it is difficult to find a good acoustic window to scan 
the kidney in a severely or multiply injured patient, which is just 
when you need the information. 

An intravenous urogram (IVU) is valuable if CT is unavailable— 
particularly to look for non-visualization or otherwise for extrava- 
sation. It is still of value in the emergency situation, even when CT 
is available, when a patient with severe haemodynamic instability 
is going to proceed straight to laparotomy. An on-table [VU—one 
shot, 10 minutes after injecting 2 mL per kilogramme of contrast— 
will indicate a non-viable, non-functioning, or absent kidney.!> 


An MRI scan is only of value in those patients with an iodine 
allergy or otherwise, in the longer term, in unusual circumstances. 

Urinalysis is also important, in many ways as important as 
imaging. In those patients with gross haematuria consecutive sam- 
ples of urine should be kept to monitor the degree of haematuria. 
For microscopic haematuria,!! progress can be monitored with 
dipstick testing. Equally importantly, the haemoglobin and haem- 
atocrit should be monitored to look for any signs of continued 
bleeding, particularly in those with more serious and potentially 
vascular injuries when gross haematuria is absent. 


Classification 


The standard form of classification used is that of the American 
Association for Surgical Trauma (AAST)® (Fig. 4.5.4). This was 
developed in 1989 and has been updated recently by McAninch’s 
group in San Francisco.!¢ 


AAST classification, updated by Buckley and McAninch 

Grade 1 injuries are contusions and subcapsular haematomas. 
Grade 2 injuries are minor lacerations, a centimetre or less, in the 
renal cortex and therefore without extravasation but with a stable 
perirenal haematoma. Grade 3 injuries are more substantial lac- 
erations, more than a centimetre deep, in the renal cortex but still 
without extravasation. Grade 4 injuries are major lacerations, sin- 
gle or multiple (the so-called ‘shattered kidney’) through the corti- 
comedullary junction into the collecting system with the potential 


Grade | Grade II 
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for extravasation; or segmental renal vascular injuries. Grade 5 
injuries are lacerations, avulsions, or thromboses of the main renal 
artery or vein, or both. 

The importance of this classification is that it can be used to define 
treatment.!”7 Almost invariably grades 1, 2, and 3 can be treated 
conservatively. Until recently, the treatment of grade 4 injuries has 
been controversial with some patients being surgically treated, but 
these days this is increasingly uncommon. Part of the problem is 
that exploring the kidney will sometimes, if not frequently, lead to 
nephrectomy because it is technically difficult to do a repair, rather 
than because a nephrectomy is necessary; hence the trend towards 
conservatism and avoiding surgery whenever possible. Currently 
about one-third of those patients undergoing exploration for stage 
4 trauma will have a nephrectomy!® and it is possible that in fact 
none of these nephrectomies are actually necessary. 

Indeed, until recently, all patients with stage 5 trauma would 
undergo surgery with a view to renorrhaphy or nephrectomy. 
However, it has been shown that 50% can be managed conserva- 
tively if they respond to resuscitation and specifically if they show 
a good response to the transfusion of two units of blood. These are 
mainly the patients with shattered kidneys, previously graded as 
grade 5, hence the reason for regrading these injuries as grade 4.18-20 

Thus, for the vast majority, the treatment will be conservative— 
up to and including endovascular intervention—excepting only 
those patients with life-threatening renal bleeding and haemo- 
dynamic instability, or those having laparotomy for other injuries 


Grade III 


Fig. 4.5.4 The American Association for the Surgery of Trauma (AAST) classification of renal trauma. 
Reproduced with permission from Lippincott Williams and Wilkins/Wolters Kluwer Health: Moore EE et al, ‘Organ injury scaling: spleen, liver, and kidney’, The Journal of Trauma and Acute Care 


Surgery, Volume 29, Issue 12, pp. 1664-6, Copyright © 1989 Williams. 
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who are found, intraoperatively, to have an expanding or pulsatile 
retroperitoneal haematoma. These are mainly patients with pen- 
etrating injuries and specifically high velocity gunshot wounds. 

Conservative treatment, as described above, avoids the need for 
nephrectomy and is usually successful with careful monitoring. 
Indeed, some authorities report a 99% success rate with conserva- 
tive management and specifically, in the at-risk group of patients 
with haemodynamic instability, using the response of the first two 
units of transfused blood as the guide to whether conservative 
management can be followed.*! 

It used to be said that patients being managed conservatively 
should be reassessed with CT scanning within 48-72 hours. 
However, these days it is generally believed that if the patient is sta- 
ble, further follow-up scans should only be undertaken for those 
suspected of continued bleeding, or of sepsis due to infected extrav- 
asated urine.?9 


Treatment 


Endovascular intervention 


This is essentially a treatment for bleeding that is significant but 
not critical or life-threatening to a degree that immediate surgical 
intervention is required. CT angiography or routine arteriography 
will identify a specific bleeding point and then, using selective or 
super-selective angioembolism, the bleeding point is arrested by 
injection of clot or coils or other thrombogenic material. These 
days this will deal with most grade 4 injuries and even some grade 
5 injuries.” If necessary, if a first procedure helps but is not com- 
pletely successful, the procedure can be repeated.** 

Essentially endovascular intervention is steadily reducing the 
indications for surgery to nephrectomy for uncontrolled, life- 
threatening bleeding from grade 5 major vascular injuries. 


Surgery 

Vascular control 

Almost always surgery is for serious, if not life-threatening bleed- 
ing, and so consequently it is sensible and routine to start by iden- 
tifying the main renal vessels. This is achieved through a long 
midline abdominal incision from the xiphisternum down to the 
pubis.?°?7 Through this approach, the transverse colon is swept up 
on to the chest together with the small bowel, as far as possible. 
At this stage a retroperitoneal haematoma will be obvious, as will 
which side the bleeding is if preliminary CT scanning has not dem- 
onstrated it. The bleeding can usually be controlled just by putting 
wet packs over the retroperitoneum and compressing the affected 
kidney and its blood supply by simply leaning on it. This allows the 
patients haemodynamic status to be stabilized and improved. This 
is important, particularly, in those patients who have been taken 
straight from the emergency room to the operating room with- 
out time for a full assessment of their urological or other injuries. 
Having stabilized the patient, the next step is to look for other inju- 
ries and then prioritize their treatment. As a general rule, uncon- 
trolled bleeding from the kidneys and their main vessels will be 
high on the priority list. 

It is likely that with haemodynamic instability and a large 
expanding retroperitoneal haematoma, the aorta itself will not be 
palpable but the inferior mesenteric vein will usually be visible as 
it is attached to the peritoneum and rises off on the surface of the 
haematoma, along with the peritoneum itself. The duodenal-jejunal 


Mesenteric 
vein 


Fig. 4.5.5 The approach to the renal vessels. 

Reproduced with permission from Lippincott Williams and Wilkins/Wolters Kluwer 
Health: McAninch JW, ‘Surgery for Renal Trauma’ pp. 234-239 in Novick AG et al. (Eds.), 
Stewart's Operative Urology, Second Edition, Williams and Wilkins, Baltimore, USA, 
Copyright © 1989. 


(DJ) flexure will also be visible. An incision through the periton- 
eum medial to the inferior mesenteric vein (Fig. 4.5.5), from the DJ 
flexure down to the sacral promontory, will open up the retroperi- 
toneal space and then, by blunt dissection, the left renal vein can 
be found at the upper end of the peritoneal incision and mobilized. 
With the left renal vein mobilized, a loop can be placed around it 
and the origin of the renal arteries can be identified; slightly distal 
and deep to the left renal vein. These two can also be looped. Finally, 
the right renal vein can be identified and a loop put around that as 
well. At this stage, the loops are held in place with clips (Fig. 4.5.6). 
The vessels themselves are not clamped, unless it is essential to do 
so for major vascular damage. 

At this stage the only decision to be made is if the vessels are 
overtly damaged, whether they can be repaired, or whether a neph- 
rectomy will be necessary. If there are two functioning kidneys 
and one side has been damaged, then the vascular damage will be 
repaired with an appropriately fine suture, if possible. However, a 
nephrectomy may well be necessary, depending on the patient’s 
general condition and the presence or absence of other injuries to 
be dealt with. In severe instances of multiple injuries, it would be 
generally unwise to attempt to repair vascular injury of the main 
vessels or in the hilum of the kidney, and safer to proceed directly 
to nephrectomy—as long as the surgeon can be sure that there is a 
contralateral normal kidney—in order to do all the surgery that is 
necessary and to maximize the patient’s chance of survival. 

If there is only one functioning kidney, every effort should be 
made to repair the injury. For this, a degree of vascular clamping 


Inferior 
mesenteric 
vein 


Left renal vein 


Left renal 
artery 

Gonadal 
vein 


Right renal 
artery 


Fig. 4.5.6 Vascular control. 

Reproduced with permission from Lippincott Williams and Wilkins/Wolters Kluwer 
Health: McAninch JW, ‘Surgery for Renal Trauma’ pp. 234-239 in Novick AG et al. 
(Eds.), Stewart's Operative Urology, Second Edition, Williams and Wilkins, Baltimore, USA, 
Copyright © 1989. 


will probably be necessary. Ideally this should be limited to less 
than 30 minutes. In the presence of vascular damage, it is common 
to lose a considerable amount of blood preoperatively—something 
in the region of 3-4 L—and so it is particularly important not to 
begin the exposure of the vessels, and then exposure of the kid- 
ney and the subsequent surgery until the patient’s haemodynamic 
status has been stabilized and the extent of the injuries have been 
assessed, and until there is enough surgical assistance and equip- 
ment to deal with it. 

Once proximal vascular control has been secured, the next step is 
to expose the kidney on the affected side by reflecting the colon on 
that side medially (Fig. 4.5.7). For trauma to the left kidney, an inci- 
sion is made in the left paracolic gutter along the white line of Toldt. 
The left colon is then mobilized medially. It is sometimes neces- 
sary to mobilize not just the colon but also the pancreas, spleen 
and, with them, the stomach medially to have full access to the left 
kidney and the major vessels, in which case the incision along the 
paracolic gutter must be extended upwards and over the spleen on 
the under surface of the diaphragm. To expose the right kidney, an 
incision is made in the right paracolic gutter along the white line 
of Toldt, up and over and hepatic flexure, and then into the lesser 
sac. The duodenum is then mobilized (‘Kocherized’), and the inci- 
sion extended downwards around the caecum, and up along the 
small bowel mesentery as far as is necessary to expose the kidney 
adequately. 


Debridement and reconstruction 


One-third of one kidney is enough for a patient to survive with- 
out dialysis. In other words—however bad the kidney might look 
after injury, it is almost always worth trying to salvage it. Indeed, 
in the absence of major vascular trauma requiring a nephrectomy, 
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Fig. 4.5.7 Exposing the kidney with the major vessels identified. 
Reproduced with permission from Lippincott Williams and Wilkins/Wolters Kluwer 
Health: McAninch JW, ‘Surgery for Renal Trauma’ pp. 234-239 in Novick AG et al. 
(Eds.), Stewart's Operative Urology, Second Edition, Williams and Wilkins, Baltimore, USA, 
Copyright © 1989. 


the kidney can almost always be salvaged.?8 It may be necessary to 
clamp the renal vessels to get a good enough view, but if it is pos- 
sible at any stage and for any length of time to release the clamping 
then that opportunity should be taken. It may only be necessary to 
clamp the artery and not the vein; and if both are clamped, then the 
artery should be clamped first and the vein released first to reduce 
the risk of rebleeding. 

Bleeding points are controlled by suture-ligation using 4/0 or 5/0 
absorbable sutures (we use Vicryl) on a round-bodied half-circle 
needle. When the bleeding is adequately controlled, the collecting 
system is closed first using the same type of suture material and 
then the parenchyma is approximated by closing the capsule and as 
much as is necessary of the underlying parenchyma. 

If there is dead or dying tissue, then it should be excised. It is 
sometimes helpful to use a haemostatic agent during closure of 
lacerations in the renal parenchyma and often helpful to wrap 
the repaired kidney in omentum to help secure haemostasis and 
restrict extravasation. 

At the end of the repair, a drain should be left to the operative site 
and kept there for as long as necessary. The time that any clamping 
of the renal artery lasted should be noted. 

In the patient with multiple intra-abdominal injuries, it is sur- 
prising how well renal repair works despite the presence of leakage 
from the bowel, stomach, pancreas, or liver. Repairing these organs 
provides even more reason for draining of the operative site but the 
results are usually just as good. 
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Rupture of the pelviureteric junction 


This is a consequence of severe deceleration injury, particularly in 
children and in patients who have an underlying pelviureteric junc- 
tion obstruction. Although this is not life-threatening, this always 
requires surgery to obtain adequate healing. Effectively this is the 
same as doing a pyeloplasty, but in an emergency situation. The site 
should be drained and an internal JJ ureteric stent should be left 
and removed six weeks or so postoperatively. 


Complications of renal trauma 


Complications can be divided into early and late. The common- 
est early complications are bleeding and extravasation of urine 
which may in turn lead to a urinoma, infection, and abscess 
formation. The best way of handling bleeding is by selective 
microembolization or surgery if necessary, which is usually only 
when embolization fails. A urinoma can usually be drained per- 
cutaneously through the flank, but may require surgery occa- 
sionally. A urine leak may require not just drainage but also a 
ureteric stenting. If the kidney is severely traumatized, the pre- 
ferred option might be to pass the stent cystoscopically up the 
ureter from below. In a less traumatized kidney, it might be best 
to perform a percutaneous nephrostomy and stent the ureter 
from above. 

Late complications include a persistent urine leak, which again is 
best treated by percutaneous nephrostomy and stenting. Vascular 
complications are not commonly seen but include hypertension, 
arteriovenous fistulae, and pseudoaneurysm formation.’ These are 
usually associated with haematuria. In all instances arteriography 
identifies the cause of the problem and also, in the case of arterio- 
venous (AV) fistulae of pseudoaneurysms, provides an opportunity 
to treat them by embolization. 

Hydronephrosis is a consequence of stricture of the pelviureteric 
junction, which is encountered occasionally, and is treated in the 
usual way. 

There is always concern that renal trauma will lead to loss of 
renal function and this is certainly a possibility following vascular 
injury. Aside from patients with significant vascular injury, there is 
not much evidence of how many patients lose renal function in the 
long term, because these patients are notoriously difficult to follow 
up. What information there is suggests that a ‘significant percent- 
age’ have an elevated serum creatinine or azotaemia, or even acute 
renal failure at some stage during their inpatient stay following the 
trauma. However, in the majority of these instances the patients 
recover their normal renal function if they don’t succumb to their 
injuries.>° 

It also appears to be the case that once patients have recovered 
from their injuries and have been discharged from hospital, then 
long-term problems with loss of renal function are rare. 
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CHAPTER 4.6 


Lower urinary tract trauma 
Anthony R. Mundy and Daniela E. Andrich 


Introduction to lower urinary tract trauma 


The commonest form of lower urinary tract trauma is iatrogenic 
trauma. This is largely urological iatrogenic trauma as the result of 
instrumentation and endoscopic surgery. That aside, lower urinary 
tract trauma is uncommon. 


Trauma to the bladder 


The commonest type of bladder trauma is the result of transurethral 
resection of bladder tumours. In women, gynaecological surgery— 
specifically, caesarean section, hysterectomy, and sling surgery—is 
also a common cause. Iatrogenic trauma aside, blunt trauma is the 
cause of most bladder injuries, particularly road traffic accidents 
causing pelvic fracture in the presence of a distended bladder. 

Broadly speaking, bladder trauma can be divided into extraperi- 
toneal and intraperitoneal rupture. The consequences of gynae- 
cological surgery affecting the bladder may be more chronic and 
present as vesicovaginal fistulation. 

The clinical features of bladder trauma are usually those of the 
underlying cause. After a pelvic fracture, gross haematuria is usual; 
clear urine virtually excludes a ruptured bladder. With a ruptured 
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Fig. 4.6.1 Extraperitoneal rupture of the bladder on cystography. 


bladder, whether it is extraperitoneal or intraperitoneal, catheter- 
ization reveals little or no urine in the bladder or blood-stained 
urine and the definitive diagnosis is made on imaging. A cystogram 
may show the rupture (Figs 4.6.1 and 4.6.2) and indicate its site very 
clearly, but these days a computed tomography (CT) urogram as 
part of a CT trauma series, to look for other injuries, is likely to be 
the commonest way in which the diagnosis is made. Both are very 
sensitive for the diagnosis of bladder rupture, as long as the bladder 
is sufficiently distended to 300-350 mL. 


Management 


If an extraperitoneal bladder rupture is diagnosed as an isolated 
injury because of transurethral perforation of the bladder, or after 
external injury, then it is usually safe to use an indwelling catheter 
and await spontaneous healing over the next two to three weeks. If 
the patient requires surgery for any other reason, usually after exter- 
nal trauma, and particularly after pelvic fracture, then the rupture 
should be repaired with a suprapubic and a urethral catheter and 
a drain to the site of the repair. Causes would include a bone frag- 
ment sticking into the bladder following a fractured pelvis. Only if 
there are no signs of spontaneous healing—manifest as inadequate 
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Fig. 4.6.2 Intraperitoneal rupture of the bladder on cystography, with contrast 
visible between loops of bowel. 


urinary drainage coupled with signs of sepsis due to infection of 
the extravasated urine after iatrogenic injury—would exploration 
otherwise be necessary. 

With intraperitoneal rupture, the standard of care is still to explore 
the injury and repair the bladder over a suprapubic catheter. This is 
because of the possibility of bowel prolapse through the rupture site 
and of urinary peritonitis. In fact, with small ruptures, it is perfectly 
possible to leave an indwelling catheter and await spontaneous heal- 
ing, and to explore and repair as above if there is a continuing cause 
for concern. With small iatrogenic ruptures, a laparoscopic approach 
may be possible. All penetrating injuries should be explored. 

The management of vesicovaginal fistulation and the complica- 
tions of sling surgery are beyond the scope of the chapter and are 
discussed in the section on female urology. It is suffice to say that 
in the short term, vaginal leakage of urine after gynaecological 
surgery should be managed by urethral catheterization. In some 
instances, the leaking will cease in a few days and the fistula will 
heal without further difficulty. If the problem persists, then the fis- 
tula should be repaired. 


Urethral injury 


Any part of the urethra may be injured by iatrogenic or non- 
iatrogenic trauma and, as with bladder trauma, iatrogenic trauma 
is the much the commonest type, particularly associated with 
urethral catheterization.!* Non-iatrogenic trauma of the urinary 
tract accounts for about 1.5% of all trauma and urethral trauma 
accounts for about 4% of this, which is equivalent to one case per 
1,125,000.3 

Although iatrogenic trauma is the most common, non-iatrogenic 
trauma is far more serious if only because the force needed to 
cause it is so severe. Because of this, about 80% or so of patients 
have associated injuries. There are three common sites of external 
trauma to the urethra in the adult male. The commonest is pelvic 
fracture urethral injury of the posterior urethra, which is about 
four times commoner than straddle injuries of the bulbar urethra, 
which is about five times more common than injuries to the pen- 
ile urethra, which are generally the result of sexual misadventure. 
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Penetrating trauma anywhere is rare but is increasingly common 
in military injuries with the increasing use of improvised explosive 
devices. 

In the developing world and in children, straddle injuries are 
about as common as pelvic fracture urethral injuries. 


The nature of urethral injury 


Anatomically, the urethra is described as being in three parts—the 
prostatic, the membranous, and the spongiose. Anatomists do not 
distinguish between the anterior and posterior urethra nor between 
the bulbar and penile urethra. Furthermore, they regard the mem- 
branous urethra as being a misnomer as the ‘genitourinary mem- 
brane’ (or urogenital diaphragm as it is more commonly known) 
has been shown not to exist.* 

The urological division is between an anterior and posterior 
urethra. The anterior urethra consists of the bulbar and penile 
components the bulbar being that part of the spongiose urethra 
surrounded by the bulb of the corpus spongiosum and the bulbos- 
pongiosus muscle. The posterior urethra is divided into the pros- 
tatic and membranous components. 

Anatomically, the prostatic urethra is well fixed in position, 
particularly posteriorly through the lateral ligaments and to 
Denonvillier’s fascia between them. At the apex of the prostate, just 
above the origin of the membranous urethra, the pubo-prostatic 
ligaments fix it anteriorly. The membranous urethra is fixed poster- 
iorly by the rectourethralis, which runs from the apex of the pros- 
tate to the perineal membrane. The bulbar urethra is fixed to the 
crura of the penis. The penile segment of the urethra is completely 
mobile. These relative points and degrees of fixation explain the 
nature of urethral injury. Prostatic injury is rare because it is firmly 
fixed in place. The membranous urethra is vulnerable as it runs 
down to the perineal membrane and is particularly vulnerable at 
that point. The bulbar urethra is firmly fixed and only amenable to 
crush injuries. The penile urethra is freely mobile and avoids most 
injuries except those of a sexual nature. 

Endoluminal injury is particularly common at and just below the 
perineal membrane where the urethra is fixed in its position, and 
at the point of curvature of the urethra as it runs up into the pelvis. 


Posterior urethral injury 
There is a strong association of posterior urethral injury with frac- 
tures of the pelvis and specifically with those fractures associated 
with disruption of the pelvic ring; in other words, associated with 
fracture or fracture dislocation of the sacroiliac joint as well as 
fracture of the anterior bony ring of the pelvis.> The injury to the 
urethra itself typically occurs at the bulbomembranous junction at 
the perineal membrane in adults.® 

Pelvic ring disruptions are typically classified by the degree 
of instability they produce. The best known is the classification 
devised by Tile.” Type A disruptions are stable; type B show rota- 
tional instability; type C show both rotational and vertical instabil- 
ity. Urological injury does not occur with type A disruptions, and 
mainly occurs with type B rotational disruptions.® These are typ- 
ically one of two types—a so-called ‘open book injury or a lateral 
compression fracture—and urethral trauma is particularly associ- 
ated with lateral compression type B injuries. The type C injury, 
with is both vertically and rotationally unstable, is particularly 
associated with complete disruptions of the urethra and with com- 
plicated injuries such as bladder neck injury.® 
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Occasionally a so-called ‘switchblade’ injury, in which a bone 
fragment slices through the urethra, is a cause of urethral injury, 
rather than a disruption of the pelvic ring. When this occurs, it is 
usually the bulbar urethra that is affected and a longer and more 
serious injury results. 

These injuries may be partial or complete, while partial 
appears to be commoner. This has implications for treatment as 
discussed below. 

The commonest cause is a road traffic accident, which account for 
65-85% of injuries; falls from a height which account for 20-25% 
of injuries; or crushing lateral compression injuries, such as a fall 
from a horse. Young men are usually affected with a mean age of 33. 

Interestingly, only 5-10% of ruptures of the pelvic ring are 
associated with pelvic fracture urethral injuries. It was originally 
thought that the problem occurred as a result of shearing of the 
urethra at the junction of the prostatomembranous junction.® It 
was then hypothesized that it was an avulsion rather than a shear- 
ing injury—rather like plucking an apple and its stem off the branch 
of a tree.? This was given as the explanation of so-called distraction 
injuries, as these were thought to be at the time. Nowadays, it is 
known that these injuries occur at the bulbomembranous junction 
and contemporary wisdom has it that this is a consequence of the 
way the pelvic ligaments of the pelvic ring behave, rather than the 
bone themselves.® 

Andrich et al.6 have shown that when these pelvic ring disrup- 
tions occur, the most likely explanation for involvement of the 
urinary tract is the way in which the pubo-prostatic ligaments 
and the perineal membrane behave. Ligaments may rupture 
either mid-substance or they may tear from their attachment at 
each end—and, in the case of these ligaments, that means at their 
bony attachment at one end or their visceral attachment to the 
urethra at the other. It is only in the latter instance that ureth- 
ral injury occurs. When ligaments rupture mid-substance or tear 
away from their bony attachment there will be no urethral injury. 
Hence the explanation as to why urethral injury may not occur, as 
well as to why it may occur. Occasionally, with either open book 
injuries or with type C injuries, there is a vertical tear of the pros- 
tate in addition to a tear of the membranous urethra, and as a 
secondary consequence of tearing of the prostate, a bladder neck 
injury occurs.!° In children, before development of the prostate, 
it is more common to find transverse injury through the prostate 
or through the bladder neck or in combination with a ruptured 
urethra.!! This can also happen following particularly severe inju- 
ries in adults.1° 

In females, there is a tendency for the proximal urethra and blad- 
der neck to be ruptured in the same way that the prostate is torn in 
adults. !? 


Anterior urethral injuries 


The epithelium of the spongiose (anterior) urethra has no supp- 
porting subepithelial layer comparable to the muscularis mucosae 
in the intestine. Thus, when the epithelium is breached there is 
immediate exposure of the subepithelial spongy tissue and, because 
of the pressure of voiding, extravasated urine is forced into the cor- 
pus spongiosum under pressure. Extravasated urine within the 
corpus spongiosum is initially contained by the fibrous capsule 
of the corpus spongiosum and by Buck’s fascia!’ that surrounds 
it (Fig. 4.6.3). It is then constrained, should Buck’s fascia rupture 
by Colles’ fascia!4 (Fig. 4.6.4). Further extravasation directs the 


Fig. 4.6.3 Extravasation within the corpus spongiosum after a urethral 
contusion—constrained by Buck's fascia. 

Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part |: Introduction, history, 
anatomy, pathology, assessment and emergency management, BJU International, Volume 108, 
Issue 3, pp. 310-327, Copyright © 2011 the Authors and BJU International, with permission 


from John Wiley and Sons. 


extravasated blood and urine anteriorly from the scrotum towards 
the penis and then up onto the anterior abdominal wall around the 
spermatic chords. Extravasated urine is toxic whether it is infected 
or not.!5 It causes thrombophlebitis and obliterative endarteritis, 
which progresses to subcutaneous ischaemia and eventually gan- 
grene. Super-added infection is inevitable; indeed, after two weeks 
it is certain. With super-added infection, the normal fascial barri- 
ers break down and spread of the infected extravasated blood and 
urine can occur in any direction regardless of anatomical layers. 


Fig. 4.6.4 Extravasation outside Buck's fascia after a straddle injury to the bulbar 
urethra—constrained by Colles’ fascia. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part |: Introduction, history, 


anatomy, pathology, assessment and emergency management, BJU International, Volume 108, 
Issue 3, pp. 310-327, Copyright © 2011 the Authors and BJU International, with permission 


from John Wiley and Sons. 


This infection can lead to bacterial necrotizing fasciitis usually due 
to the synergistic affect of several bacteria. This ultimately leads to 
death from sepsis usually coupled with uraemia, because of the fail- 
ure to excrete urine properly.!® The aim of treatment of these inju- 
ries is to prevent this cycle of events. 

Other than intraluminal trauma, which may be due to instru- 
mentation or sexual self-gratification, the causes of injury in the 
penile urethra is usually a penile fracture. This is described in 
Chapter 4.7. Associated rupture of the penile urethra is uncom- 
mon but occurs in 10-20%. In the bulbar urethra, the usual causes 
are straddle or fall-astride injuries.! This is a crushing injury of the 
bulbar urethra as it is fixed in position on the crura of the penis. 
This crush can lead to rupture of the urethra or simple ischaemic 
necrosis. The crura may rupture as well or suffer ischaemic necro- 
sis, leading to gangrene, and disruption of the corpus spongiosum 
or corpora cavernosa at this point. 


Experimental studies of urethral trauma 
It has been shown experimentally that a partial rupture of the 
urethra can heal completely in all layers. A complete injury cannot 
because the epithelium retracts on either side of the injury and the 
space fills with fibrosis. Even if apparent healing does occur across 
the fibrotic segment, the epithelium is not urethral epithelium, but 
metaplastic; and the lumen is therefore a false passage in which 
stricture formation is inevitable.!7-!9 

For healing to occur, it is not sufficient to have apposition of the 
two ruptured ends of the urethra over a catheter—there must be 
apposition of the epithelium by suture to provide continuity around 
at least part of the circumference for normal healing to occur 
through all layers. 

The presence of a stenting catheter across urethral injury makes 
no difference to the outcome. A partial injury may still heal com- 
pletely, regardless of its presence and a complete injury will not. 


Types of injury 

There are three main types of injury—contusions, partial ruptures, 
and complete ruptures (Fig. 4.6.5). Contusions are incomplete rup- 
tures of part of the circumference of the urethra. Partial injuries 
are complete ruptures of part of the circumference of the urethra 
and complete injuries are complete ruptures of the complete 
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circumference of the urethra. It can be extremely difficult to dis- 
tinguish between these, particularly between partial and complete 
injuries, using retrograde urethrography (for radiological reasons 
described below) or endoscopy—or even at open surgery, because 
of the distortion produced by the injury. 

In the absence of retrograde urethrography or when imaging is 
inconclusive, the only way in which different types of injury can be 
distinguished is by catheterizability of the urethra. A catheterizable 
urethra may be contused or partially ruptured. It is very unlikely 
that it will be possible to pass a catheter through a completely rup- 
tured urethra. Historically, and indeed in most parts of the world 
today, this is how partial and complete ruptures are distinguished. 


Clinical features 

The cardinal clinical features are urethral bleeding and voiding dif- 
ficulty, or retention due to so-called ‘reflex retention. All clinical 
features are time-related and, specifically, it commonly takes at least 
an hour for a ruptured urethra to cause bleeding that is apparent at 
the external meatus.”° Internal bleeding leading to perineal haema- 
toma formation and the typical ‘butterfly haematoma’ characteris- 
tic of straddle or fall-astride injuries takes a day or two to develop 
(Fig. 4.6.6) and it may take even longer to cause the displacement 
of the prostate and bladder base (which may or may not be palp- 
able on rectal examination) associated with a pelvic fracture ureth- 
ral injury. 

In situations where a patient may be brought to an emergency 
department very quickly, there may be no obviously clinical fea- 
tures—certainly when this happens in less than an hour. It is there- 
fore important that a urethral injury is suspected and all patients 
suspected of having a pelvic ring disruption. The council of perfec- 
tion is therefore to perform a retrograde urethrogram,”! typically 
after a CT ‘trauma series. However, a catheter is often passed in 
the emergency room as part of monitoring fluid replacement and 
resuscitation, and sometimes the diagnosis is therefore made on 
‘catheterizability: There is often a concern that catheterization in 
such patients may risk making the situation worse either by wors- 
ening the trauma or by causing infection.?? This does not seem to 
be borne out in practice after only one attempt at passing a soft 
catheter under antibiotic cover. 


EG 


Fig. 4.6.5 Types of urethral injury—contusion, partial, and complete. 


Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part |: Introduction, history, anatomy, pathology, assessment and emergency management, BJU International, Volume 108, Issue 3, 


pp. 310-327, Copyright © 2011 the Authors and BJU International, with permission from John Wiley and Sons. 
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Fig. 4.6.6 Butterfly haematoma at two hours and two days after a straddle injury. (A) Two hours and (B) two days. 


Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part |: Introduction, history, anatomy, pathology, assessment and emergency management, BJU International, Volume 108, Issue 3, 


pp. 310-327, Copyright © 2011 the Authors and BJU International, with permission from John Wiley and Sons. 


Investigation 

Catheterizability may distinguish partial from complete injuries, 
the latter being uncatheterizable, but this is unreliable (and it does 
not distinguish between contusions and partial injuries) because 
a partial injury itself may be uncatheterizable. Depending on the 
urologist’s perspective, this may not matter because the standard 
of care is to proceed immediately to suprapubic catheterization to 
divert the urine and thereby to provide a means of monitoring fluid 
replacement, as well as to provide a way of ensuring that retention 
is relieved and extravasation does not occur.?! On the other hand, 
an inability to distinguish between these types of injury makes clas- 
sification extremely difficult, and therefore makes the interpret- 
ation of reported data difficult, if not impossible. 

A retrograde urethrogram will show the site of the injury,” 
but it often does not distinguish between complete and incom- 
plete lesions although contusions should be clearly distinguish- 
able. The reason for failing to distinguish between a partial and a 
complete lesion is because the injury occurs at the bulbomembra- 
nous junction below the site of the urethral sphincter mechanism. 
Therefore, contrast may not pass up into the bladder on injection 
up the urethra because it is completely ruptured; but equally it may 
be that it cannot pass through the zone of resistance produced by 
the sphincter mechanism; or alternatively it may be that the path 
of least resistance is simply to extravasate, whatever the degree of 
rupture (Figs 4.6.7 and 4.6.8). Sometimes repeating a urethrogram 
a day or so later will show more clearly whether a rupture is com- 
plete or incomplete, but by this time many patients will have had a 
suprapubic catheter passed anyway. 

With increasing interest in so-called ‘endoscopic primary realign- 
ment, a flexible cystoscope may be passed to look for the site and 
type of injury but this can be confusing and is not common practice. 


Classification 


Terminology 
By consensus, the term applied to a constriction of the lumen of 
the anterior or spongiose urethra is a stricture, whatever the cause. 


Fig. 4.6.7 Partial injury—contrast passes into the bladder. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part |: Introduction, history, 


anatomy, pathology, assessment and emergency management, BJU International, Volume 108, 
Issue 3, pp. 310-327, Copyright © 2011 the Authors and BJU International, with permission 
from John Wiley and Sons. 


Elsewhere it is a ‘stenosis or a ‘contracture’? In our view it is best to 
consider trauma as being an entirely separate condition from stric- 
ture disease—particularly in the anterior urethra. The pathology is 
entirely different and although the type of surgery for trauma is 
similar to the surgery for stricture disease, the scope and scale are 
entirely different. Comparing an anastomotic repair for a bulbar 
urethral stricture with the same procedure for a straddle injury; or 
the surgery for an iatrogenic sphincter stricture with that for a pel- 
vic fracture urethral injury is like comparing chalk with cheese. 


Classification systems 


There are several classification systems such as those developed by 
Colapinto and McCallum,”4 by Goldman et al.” by the American 


Fig. 4.6.8 A presumed complete injury, because no contrast passes into the 
bladder. 

Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part |: Introduction, history, 
anatomy, pathology, assessment and emergency management, BJU International, Volume 108, 
Issue 3, pp. 310-327, Copyright © 2011 the Authors and BJU International, with permission 


from John Wiley and Sons. 


Association of Trauma Surgeons,” and by the European Association 
of Urology (EAU)?!—but they all flounder on the problem of dis- 
tinguishing between partial and complete lesions on radiological 
(or any other) grounds. Consequently, none of the classification 
systems are of value because they are incapable of giving the neces- 
sary definition of the injury that leads to a useful algorithm of man- 
agement, although the EAU classification comes closest (Box 4.6.1). 


Emergency management 


The principles of emergency management are to provide urinary 
drainage to prevent or relieve urinary retention; to prevent or treat 
urinary extravasation; and to provide the best possible conditions 
for recovery of the injury.! 

If a urethral catheter cannot be passed, then a suprapubic cath- 
eter may be placed. In the elective situation, this may be placed per- 
cutaneously preferably under ultrasound guidance or, if the injury 
is iatrogenic and identified preoperatively or the patient is to have 
a laparotomy or other surgery for other injuries, then it can be 
placed open. 

The only other indications for emergency treatment are follow- 
ing external trauma, particularly a pelvic fracture-related urethral 
injury; an associated bladder injury, which should be repaired; an 
associated anorectal injury, requiring a defunctioning colostomy 
and drainage of the pre-sacral space; anda perineal degloving injury, 
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Box 4.6.1 The EAU classification of urethral injury?! 


+ Type 1. Stretch injury. Elongation of the urethra without 
extravasation on urethrography 


+ Type 2. Contusion. Blood at the urethral meatus; no extravasa- 
tion on urethrography 


+ Type 3. Partial disruption of anterior or posterior urethra. 
Extravasation of contrast at injury site with contrast visualized 
in the proximal urethra or bladder 


+ Type 4. Complete disruption of anterior urethra. Extravasation 
of contrast at injury site without visualization of proximal 
urethra or bladder 


+ Type 5. Complete disruption of posterior urethra. Extravasation 
of contrast at injury site without visualization of bladder 


+ Type 6. Complete or partial disruption of posterior urethra 
with associated tear of the bladder neck or vagina 


Thus clinical management can be advised accordingly: 
+ Type 1. No treatment required 


+ Types 2 and 3 can be managed conservatively with suprapubic 
cystostomy or urethral catheterization 


+ Types 4 and 5 will require open or endoscopic treatment, pri- 
mary, or delayed 


+ Type 6 requires primary open repair 


Reprinted from European Urology, Volume 47, Issue 1, Thomas H. Lynch 

et al., “EAU Guidelines on Urological Trauma, pp. 1-15, Copyright © 2004 
Elsevier B.V., with permission from Elsevier, http://www.sciencedirect.com/ 
science/journal/03022838 


which requires repair and drainage. All of these, if left unattended, 
may have serious adverse consequences. 

The question is what to do next once urinary drainage has been 
secured, which depends on the nature of the underlying cause and 
on whether it is iatrogenic and diagnosed at the time of injury or 
open penetrating trauma or a closed injury of the penile, bulbar, or 
posterior urethra. 


latrogenic trauma 
This is very common. It is commonly thought to be due to uro- 
logical surgery and particularly instrumentation but it can occur 
without this, such as with the kippering of the urethra that one sees 
with an indwelling catheter (Fig. 4.6.9), or the damage to the shaft 
of the penis and the urethra within caused by protracted condom 
drainage. It can be seen after a circumcision or hypospadias repair 
or following radiotherapy, in all of which circumstances the patient 
presents electively for care (this is described elsewhere within 
this volume). Of more immediate concern is intraluminal trauma 
caused by catheterization or urethral dilatation; or by losing the 
lumen during direct vision internal urethrotomy. If any iatrogenic 
trauma during urological intervention is recognized at the time, 
this is best dealt with by attempting to pass a guidewire through 
the site and leaving a catheter in—or if this fails, by suprapubic 
catheterization.*” 

More critically, is damage to the posterior urethra or bladder 
base during anterior resection of the rectum for rectal cancer. 
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Fig. 4.6.9 Complication of catheterization—a ‘kippered’ urethra. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part Il: Types of injury and 


their management, BJU International, Volume 108, Issue 5, pp. 630-650, Copyright © 2011 the 
Authors and BJU International, with permission from John Wiley and Sons. 


In the latter circumstances, the defect is repaired as far as possible 
and drained. The omentum should then be mobilized and packed 
into the space between the injured area of the urinary tract and the 
area of colorectal surgery, and the patient left with both a urethral 
and suprapubic catheter to maximize drainage. In the absence of 
radiation, this may lead to a complete healing of the area. In the 
irradiated patient—increasingly commonly associated with surgery 
for colon cancer—this may not suffice. 


Penetrating trauma 
Open penetrating injury, generally speaking, should be explored 
in all instances, debrided if necessary, and repaired if possible.?® 
However, these principles are coming into question because there 
is now an increasing trend to manage renal penetrating trauma (the 
most common form of penetrating trauma) expectantly, subject to 
careful monitoring. Nonetheless, the general rule now is that pen- 
etrating urethral trauma should be explored. Debridement is by 
no means always necessary because the urethra throughout is well 
vascularized, the penile and posterior urethra in particular, and so 
debridement should be limited to obvious serious damage and the 
removal of foreign material. When a repair is performed, it should 
only be suture closure. There should be no ‘clever’ surgery—the use 
of grafts and flaps in particular—at the time of emergency surgery.”” 
The patient should always be left with at least a urethral catheter, 
and at best with a urethral and a suprapubic catheter, while the area 
of injury should be drained. 


Closed trauma 

Closed penile urethral injuries 

Intraluminal trauma from attempted sexual gratification occurs 
from time to time, and strictly speaking this is a penetrating injury. 
More dramatic, albeit also uncommon, is a urethral rupture asso- 
ciated with a penile fracture. The penile fracture is usually obvi- 
ous and its management is described in Chapter 4.7. A urethral 
rupture is usually an indication for emergency repair of both the 
penile fracture and the urethral rupture, although in fact both can 
be managed conservatively if the patient can be catheterized and if 


Fig. 4.6.10 Operative photograph of a severe crush injury of the bulbar urethra 
with ischaemic necrosis of a segment and a gap between the two ends (arrowed). 
Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part Il: Types of injury and 
their management, BJU International, Volume 108, Issue 5, pp. 630-650, Copyright © 2011 the 


Authors and BJU International, with permission from John Wiley and Sons. 


bleeding and urinary extravasation are minimal. These points are 
discussed in Chapter 4.7. This is the one instance in which a cystos- 
copy may be the best way of making a diagnosis of a urethral injury. 


Closed bulbar urethral injuries 

Most bulbar urethral injuries are crush injuries leading ultimately, 
in severe cases, to ischaemic necrosis and gangrene, associated with 
complete loss of substance (in other words rupture) of the corpus 
spongiosum, and sometimes of one or both corpora cavernosa as 
well (Figs 4.6.4 and 4.6.10). 

The patient should be managed with a suprapubic catheter and 
only explored if there is an open wound or expanding haematoma 
or infection. A urethral catheter should not be placed. Without a 
urethral catheter, 90% of these urethral injuries will heal without a 
stenosis. With a catheter, the rate of failure to heal increases from 
10% to 65%. Sixty per cent (60%) of these injuries are incomplete 
and of the 40% that are complete, 75% progress to urethral stenosis 
without a urethral catheter present—this rate increases to 100% 
with a urethral catheter.??70 

Thus, the best form of management is to leave a suprapubic cath- 
eter in place for about three weeks and then clamp it off for a trial of 
voiding. If there is going to be a stenosis, it will almost certainly be 
present at this stage or will develop quite quickly thereafterwards. It 
is only in comparatively unusual circumstances that a stenosis will 
take six months or more to develop. 

For an established stenosis, the best form of treatment is excision 
and end-to-end, overlapping, and spatulated anastomosis after full 
mobilization of the urethra on either side. This may require open- 
ing of the intercrural plane to allow a tension-free anastomosis. For 
more severe crush injuries, an augmented anastomotic urethro- 
plasty will be required; that is when the two ends of the urethra 
may be brought together end-to-end without tension, but cannot 


be spatulated and overlapped without tension. In order to get a 
spatulated anastomosis, a buccal mucosal graft will be placed on 
the dorsal aspect. These procedures are described and illustrated 
elsewhere.?’ 

Although pelvic fracture urethral injuries are commonly regarded 
as being the most difficult types of injury to repair, a severe crush 
injury of the bulbar urethra, in our experience, can be even more 
challenging. 


Closed posterior urethral injuries 

The early management of these injuries is controversial for several 
reasons. Having established emergency suprapubic catheter drain- 
age, the question is if anything further can be done in order to 
make the patient’s subsequent recovery easier. Historical experi- 
ence from when accurate reports started to be kept in the nine- 
teenth century was that the characteristic consequence of a pelvic 
fracture urethral injury was posterior displacement of the upper 
end, creating an ‘S-bend’ malformation at the site of the injury with 
healing, as well as stricture formation at that site (Fig. 4.6.11). As 
urethral dilatation was the only form of treatment available for the 
stricture, this was a problem because the S-bend deformity made 
instrumentation extremely difficult. Thus, at the beginning of the 
twentieth century, alternatives were sought, and the first alter- 
native to be tried was primary repair.! Primary repair was a big 
undertaking in such patients at that time and as a consequence of 
that, in the 1930s, so-called ‘realignment’ was developed—actually 
based on a procedure described in 1759—in which, through a 
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suprapubic cystostomy, a catheter was manoeuvred down through 
the site of injury from above and into the perineum, and then out 
through a perineal incision to the external meatus.*? This had 
rather poor results and consequently it was discontinued in the 
1960s in favour of simple suprapubic catheterization.?>33 By then, 
urethroplasty had begun to be developed. All alternative manage- 
ment of posterior urethral injuries was developed before the devel- 
opment of urethroplasty. 

Contemporaneous with the development of urethroplasty was 
the development of endoscopy and particularly of high quality rod- 
lens endoscopy and subsequently of fibre-optic flexible cystoscopy. 
Consequently, hitherto open realignment came to be performed 
endoscopically by so-called ‘endoscopic primary realignment’ 
(EPR). 

Now, 50 years on, the debate falls into two schools of thought. 
The non-interventionists favour a simple suprapubic catheter and 
a wait-and-see policy on the grounds that a bulbomembranous 
anastomotic urethroplasty is performed three to six months after 
the injury when the patient is fully recovered, and therefore when 
the operation is performed under ideal conditions, gives such good 
results that nothing should be done early on to prejudice the out- 
come. They feel that manipulating the urethra in the early post- 
traumatic period runs the risk of doing more harm than good. 

The interventionists, on the other hand, argue that by so-called 
‘realignment’ the need for a subsequent urethroplasty is reduced; 
and that if a subsequent urethroplasty is necessary, then it is made 
easier by the realignment process. 


Fig. 4.6.11 (A) S-bend deformity as a result of posterior displacement of (B) the prostate and (C) membranous urethra. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part Il: Types of injury and their management, BJU International, Volume 108, Issue 5, pp. 630-650, Copyright © 2011 the Authors 


and BJU International, with permission from John Wiley and Sons. 
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This discussion is highly contentious and not least because there 
are different concepts or definitions of ‘success’ and different end 
points. At the present time, there is no definitive objective and 
uncontroversial evidence that EPR makes a substantial difference. 
Therefore, the gold standard remains as suprapubic catheterization 
and interval urethroplasty.*4 

This historical development of the early phase of management of 
pelvic fracture-related urethral injury has recently been described 
in some detail elsewhere.!27 


Endoscopic primary realignment 

There are various techniques of EPR of which the simplest, obvi- 
ously is simply to pass a urethral catheter in the usual way. In most 
instances, the technique involves a simultaneous retrograde rigid 
cystoscopy and an antegrade flexible cystoscopy passing a flexible 
cystoscope through the bladder neck down to the site of the injury 
and the retrograde rigid cystoscope up to the site of the injury— 
and then passing a guidewire between the two so that a catheter 


can then be passed over the guidewire (Fig. 4.6.12).3> Various 
other techniques have been used in the past, typically involving 
interlocking sounds of some sort or another, but these are largely 
redundant. 

The technique presupposes that realignment—straightening 
out of the otherwise S-bend deformity back to its natural straight 
configuration—actually occurs, but there is no evidence that this is 
so. The haematoma will reabsorb in any case and the urethra tends 
to adopt its ‘S-bend’ deformity in any case and in some instances 
the haematoma does not reabsorb completely whether the ‘align- 
ing catheter is present or not and so a gap remains. 

Nonetheless, the protagonists for intervention continue to prod- 
uce series which show impressive results in maintaining luminal 
patency and avoiding urethroplasty, except that urethroplasty is 
avoided at the expense of continuing urethral dilatation or other 
endoscopic manipulation. Hence the problem mentioned earlier of 
defining the end points of management. The protagonists of EPR 
typically use the avoidance of urethroplasty as their end point, 


Cystoscope 
| 


Catheter 


Penis 


Scrotum 


Posterior urethral 


Cystoscope 


Catheter 


Penis 


Scrotum 


Posterior urethral 


Posterior urethral 
disruption 


Prostate 


Bladder 


Symphysis pubis 
(© 


disruption disruption 
Prostate Prostate 
Bladder Symphysis pubis Bladder Symphysis pubis 
(A) (B) 
Cystoscope 
| Guidewire Guidewire 
Catheter 
Penis Penis 
Scrotum Scrotum 


Posterior urethral 
disruption 


Prostate 


Bladder 


Symphysis pubis 
(D) 


Fig. 4.6.12 Endoscopic primary realignment. (A to D) The basic technique illustrating the principles. 
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Fig. 4.6.13 Principles of bulbomembranous anastomosis (BMA)—1. The bulbar urethra can stretch. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part Il: Types of injury and their management, BJU International, Volume 108, Issue 5, pp. 630-650, Copyright © 2011 the Authors 
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whereas the anti-interventionists use the success rate of the defini- 
tive urethroplasty as their’s. It therefore seems unlikely that this 
controversy will ever be resolved.?735-39 


Interval urethroplasty 

This is typically performed three to six months after the initial 
injury when the patient has recovered from all other injuries. The 
procedure involves excision of the injured segment and the associ- 
ated fibrosis and anastomosis of healthy bulbar urethra below to 
healthy membranous urethra above—bulbomembranous anas- 
tomotic urethroplasty (BMA).?”“° It is performed, typically, in a 
step-wise approach based on two principles. The first principle is 
that the urethra is stretchable (this is a more accurate term than 
elastic). Thus, an overlapping spatulated anastomosis can be per- 
formed and a defect bridged, up to a certain point, just by mobil- 
ization alone. This is the same as with bulbo-bulbar anastomosis 


(A) 


for a short sharp stricture, or for a relatively short post-traumatic 
stenosis (Fig. 4.6.13). 

The other principle of BMA is that the urethra from the peno- 
scrotal junction to the apex of the prostate is curved around the 
fused corpora cavernosa and the underlying pubic symphysis. Thus, 
ifthe crura are separated and the inferior pubic arch is resected, the 
urethra can be straightened out and so an even longer defect can be 
overcome (Fig. 4.6.14). 

The procedure can usually be performed transperineally but 
occasionally it proves difficult if not impossible to identify the apex 
of the prostate from below and an abdominoperineal approach is 
necessary. This may also be necessary when other surgery needs to 
be performed such as, for example, a bladder neck repair. 


Bladder neck injuries 
Bladder neck injuries*! are best repaired as soon as they are diag- 
nosed. The injury is a rupture of the prostatic urethra that spreads 


(B) 


Fig. 4.6.14 Principles of BMA—2. (A) Radiograph and (B) diagram showing the natural course of the bulbar urethra as a curve which can be straightened out. 
Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part Il: Types of injury and their management, BJU International, Volume 108, Issue 5, pp. 630-650, Copyright © 2011 the Authors 
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Fig. 4.6.15 A ruptured prostate and bladder neck. 

Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part Il: Types of injury and 
their management, BJU International, Volume 108, Issue 5, pp. 630-650, Copyright © 2011 the 
Authors and BJU International, with permission from John Wiley and Sons. 


upwards. Because of the contraction of the smooth muscle of the 
bladder neck sphincter mechanism, which pulls the bladder neck 
open, it never closes spontaneously and a cavity forms which 
becomes chronically infected (Fig. 4.6.15). This, coupled with the 
risk to continence as the bladder neck is often the only remaining 
sphincter mechanism as the initial trauma may have damaged the 
urethral sphincter, mandates bladder reconstruction at the earliest 
opportunity. Delayed repair may be successful in restoring con- 
tinence and is certainly worthwhile as the alternative is manage- 
ment of the inevitable incontinence by implantation of an artificial 
sphincter. 


Urorectal fistulation 

This is an unusual event and is associated, typically, with a simul- 
taneous anorectal injury (Fig. 4.6.16). The initial treatment should 
be by covering colostomy, tacking together of the injured segment 
if not formal reconstructing it, and provision of appropriate drain- 
age. This is usually sufficient to prevent a fistula forming. If a fistula 
forms, it can be repaired at the same time as the bulbomembra- 
nous anastomotic urethroplasty and an interposition flap placed 
between the two repairs to stop the fistula re-establishing itself. 


Postoperative complications 

Incontinence 

Incontinence is usually due to an associated bladder neck injury 
and is corrected as described above. Occasionally the bladder neck 
is not actually traumatized but the innervation of the bladder neck 


d 


Fig. 4.6.16 Urorectal fistula shown by X-ray. 

Reproduced from Mundy AR and Andrich DE, ‘Urethral trauma: Part Il: Types of injury and 
their management, BJU International, Volume 108, Issue 5, pp. 630-650, Copyright © 2011 the 
Authors and BJU International, with permission from John Wiley and Sons. 


is damaged by a sacral nerve root injury due to the pelvic fracture 
itself or due to a pelvic plexus traction injury. The bladder neck is 
undamaged but non-functional and incontinence results.?” 

Occasionally, paradoxically, decentralization of the bladder by 
pelvic plexus injury leaves the patient with an acontractile bladder 
and voiding difficulty as a consequence, tending to chronic retention 
and overflow incontinence. These symptoms are usually thought to 
be due to a recurrent stenosis. This can be disproved (or proved) 
endoscopically. Such patients require self-catheterization to void. 

In those patients with neuropathic bladder neck dysfunction or 
a failed bladder neck reconstruction after trauma, implantation 
of an artificial sphincter is the treatment of choice. In the absence 
of bladder neck damage, the cuff is best placed around the blad- 
der neck as the urethra has already had its blood supply disrupted 
by the trauma itself and the subsequent surgery. When the blad- 
der neck has been reconstructed or has been damaged, then the 
risks of implantation of the cuff of the artificial sphincter should be 
accepted with the cuff around the bulbar urethra. 


Erectile dysfunction 

Erectile dysfunction is associated with fracture of the pelvis in 
just the same way as is a ruptured urethra. The nerves and vessels 
responsible for erection run together for most of their course, and 
so it is difficult to be sure whether impotence is a consequence of 
damage to the nerves or the vessels or a combination of the two. The 
general opinion is that this is mainly a vascular problem. Erectile 
dysfunction during the first few weeks after the injury may recover 
and if there are signs of recovery by three to six months, then there 
is a good chance that recovery will be complete or, at the least, that 
it will be complete when supplemented using PDES inhibitors such 
as sildenafil, tadalafil, or vardenafil. These patients are best assessed 
by clinical evaluation, nocturnal penile tumescence studies, and by 
Doppler studies of penile blood flow with and without injection 
of a vasoactive substance such as Quadrimix or Caverject. When 
there is no evidence of blood flow to the penis the patient usually 
has as a cold feeling numb penis and this combination of Doppler 


findings and clinical evaluation is an indication for formal arteri- 
ography. Some authorities feel that penile revascularization may be 
of value although the results of surgery for this situation are often 
disappointing. “344 

Injuries in children 

These injuries are not very common in children and when they do 
occur, they are commonly at a higher level than in adults—through 
the prostate or through the bladder neck. The treatment is the 
same, but is more difficult because of the reduced stretchability and 
underdevelopment of the bulbar urethra. The prognosis for both 
continence and potency should be guarded until after puberty. 145 


Injuries in women 
Injuries in women are comparatively uncommon because of the 
protection afforded by the vagina. When trauma does occur, it may 
be a transverse rupture as with males and may also be associated 
with rupture of the vagina and rectum, so that all of the pelvic vis- 
cera are ruptured transversely from their anatomical openings— 
the urethra meatus, the introitus, and the anal canal.46 

Equally commonly, if not more so, there is a longitudinal rupture 
of the urethra. Indeed, this may be overlooked at the time of injury 
and identified during recovery, and thereafterwards as persistent 
and recalcitrant incontinence. 

When identified, it should be repaired early. When established, 
delayed repair may still be of value. The more complex transverse 
complete ruptures are a formidable reconstructive challenge. 
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CHAPTER 4.7 


Genital trauma 
Daniela E. Andrich and Anthony R. Mundy 


Introduction to genital trauma 


Genital trauma accounts for one to two-thirds of all genitourinary 
trauma. Eighty per cent (80%) of it is blunt trauma but 35% of all 
penetrating urological injuries are genital injuries.! 

Iatrogenic trauma does occur but most trauma is blunt or pen- 
etrating external non-iatrogenic trauma. The commonest type of 
significant blunt trauma is penile fracture due to sexual intercourse 
or masturbation. Scrotal trauma causing a ruptured testis or haem- 
atocele is less common. Penetrating trauma can occur as a result 
of animal or human bites, or as a result of amputation, other sharp 
injury, or as a result of gunshot wounds or other military injuries. 


Blunt trauma 


Penile fracture (see also Chapter 7.14) 


This is the commonest serious injury and occurs as a consequence 
of acute bending of the erect penis during sexual intercourse, par- 
ticularly when the female partner is on top.? It may occur during 
masturbation and masturbation-related injury is commoner in the 
Mediterranean and Middle Eastern countries.’ It only affects the 
erect penis distal to the suspensory ligament and does so because 
of the marked thinning of the tunica albuginea on erection, from 
about 2 mm thick in the flaccid state down to 0.25-0.5 mm on erec- 
tion. Only one corporal body is affected in most instances. 

The characteristic clinical features are a cracking or popping 
sound associated with pain and detumescence during the sexual 
act.>>6 A haematoma is a common result causing a so-called auber- 
gine or egg-plant appearance of the penis (Fig. 4.7.1). 

The rupture of the tunica albuginea is generally on the ventral or 
the lateral aspect of the penis. Urethral injury occurs in 10-25% of 
these patients, usually at the same site as the cavernosal tear.” These 
are usually partial injuries. 

If the presentation is delayed due to the patient’s embarrass- 
ment or otherwise due to a more minor injury, then it may pre- 
sent, additionally, with a butterfly-like haematoma in the perineum 
(Fig. 4.7.2). 

The diagnosis is generally made clinically.° The site of rupture 
of the tunica albuginea is usually palpable. Ultrasonography, cav- 
ernosography, and magnetic resonance imaging (MRI) scanning 
have been used, but clinical diagnosis is normally sufficient. The 
most reliable way of diagnosing associated urethral injury is by 
cystoscopy. 

Conservative management is possible if there is a minimal 
haematoma and extravasation,® but there is an increased risk of 
postoperative complications and particularly of pain, erectile dys- 
function, or a Peyronie’s-like deformation of the penis with con- 
servative management; and for these reasons, and because it gets 


the patient out of hospital and back to work much quicker, surgical 
repair is preferred.?-7.9:10 

The penis is best explored by a degloving incision with a circum- 
cision if necessary to reduce the risk of problems of postoperative 
oedema and swelling of the foreskin. This incision gives the best 
exposure to both the corpora cavernosa and the corpus spongi- 
osum, which are repaired with absorbable sutures. 


Ruptured suspensory ligament 


This occurs from a similar mechanism during sexual intercourse 
as for penile rupture. It is less common and typically is associated 
with pain without, necessarily, detumescence. There is a palpable 
defect on physical examination where the suspensory ligament 
should be. In the longer term, this is associated with chronic pain 
and instability of the penis on erection and is best treated by repair 
of the ligament. 


Ruptured testis 


Given their relatively exposed location, testicular trauma is not par- 
ticularly common. Even when circumstances allow the testis to be 
crushed against the pubis, it takes a considerable force to do so.! 

A ruptured testis after blunt injury is usually the result of a 
kick or a blow with a blunt object or, most commonly, a sporting 
injury.!! A scrotal haematoma makes clinical examination diffi- 
cult and the diagnosis is usually made by ultrasound assessment of 
the testis (Fig. 4.7.3).! If there is any suggestion of a rupture or if 
ultrasound is equivocal then it is sensible to explore the testis. 12-14 
Any testicular damage should be debrided and the tunica repaired 
(Figs 4.7.4, 4.7.5, and 4.7.6). Prompt treatment almost always gives 
a satisfactory result, whereas delayed treatment reduces the chance 
of salvage and increases the need for orchidectomy. 


Haematocele 


If an ultrasound scan after scrotal injury shows a large haematocele 
then it is usually best drained, even if there is no sign of testicular 
rupture, to facilitate recovery. In short, after any blunt trauma to the 
scrotum, the safest approach is to explore it. 


High-flow priapism 

One of the consequences of perineal or genital trauma is high-flow 
priapism. This is uncommon and is usually distinguishable from 
low-flow priapism because of its gradual onset and because it is not 
painful. It typically follows perineal trauma and rupture of the peri- 
neal artery causing an arteriolacunar (the equivalent of an arterio- 
venous) fistula. Typically, on aspiration of the penis, the blood is 
bright red and has a normal pH—unlike the colour and pH of low- 
flow priapism.*-!° 


Fig. 4.7.1 Penile fracture associated with urethral injury. (A) Clinical photograph; (B) magnetic resonance imaging (MRI) scan; and (C) operative appearance. 
Images reproduced courtesy of Mr David Ralph. 


Fig. 4.7.2 Perineal ‘butterfly’ haematoma associated with late presentation of a Fig. 4.7.3 Ultrasound scan of a ruptured testis. 
penile fracture. 


GENITAL TRAUMA 


Fig. 4.7.4 Exploration of a ruptured testis. 


Ice packs to the penis may reduce or eliminate the priapism; 
otherwise, arteriography should be performed with a view to 
embolization (see also Chapter 7.11). 


Animal or human bites are not particularly common. Often the 
patient is embarrassed and does not present himself until late. 
Whatever the timing of presentation, co-amoxiclav, for the com- 
monest type of infection, Pasteurella multicida, should be given. 
When an animal bite is the cause, one should consider rabies vac- 
cination and a tetanus booster, or vaccination should be given to all 
patients. 16-19 

The genitalia have an extremely generous blood supply but 
nonetheless it is sensible to explore, debride, and clean the 
wound. Damage to the urethra may lead to stricture formation or 
fistulation. 


> 


Fig. 4.7.5 Debridement of the testis. 


Fig. 4.7.6 Repair of the tunica albuginea. 


Penetrating injuries should always be explored, debrided if neces- 
sary, and repaired if possible. In civilian practice, debridement and 
repair are usually straightforward**°—quite the reverse in a mili- 
tary setting.”! In either case, these are not usually isolated injuries 
and associated injuries are the rule. Antibiotic cover and a tetanus 
booster or vaccination should be given to all patients. 

The risk to healthcare personnel of contracting hepatitis B and 
particularly C appears to be higher than usual in treating patients 
with penetrating genital trauma, in whom the incidence of these 
conditions has been reported to be as high as 38%. 


This may occur for a number of reasons. For some reason or 
another, women in Thailand in the 1970s started to perform ampu- 
tation of the penis on their unfaithful husbands. As a result of this, 
Thai surgeons developed some experience of the management of 
penile amputation, whether by the patients themselves or by their 
partners.?? Self-amputation, nowadays, is more common. This usu- 
ally occurs in the acutely psychotic patient or in a patient with a 
psychotic history who is inebriated or otherwise ‘affected’ at the 
time. Fifty per cent (50%) are schizophrenic, 20% are psychotically 
depressed, and a significant number of the remainder have person- 
ality or transsexual disorders. 

It is clearly important to manage the psychosis—if necessary by 
sedation. In the meantime, amputations should be treated, if pos- 
sible, by replanting the penis. The amputated penis, pending replan- 
tation, should be wrapped in clean saline gauze and kept on ice. 
Microsurgical treatment is first to anastomose the dorsal arteries 
(the cavernosal arteries are much smaller and much more difficult 
to reanastomose). Attention is then directed to the dorsal veins and 
the tunica albuginea, and then to the urethra and finally the skin. 
Anastomosis of the dorsal nerves is usually attempted but whether 
this leads to an improvement in postoperative erectile function is 
debatable. Some patients will need a penile prosthesis subsequently. 

If the amputated penis has been lost or if it is too late after the 
injury, then a phalloplasty should be considered as described else- 
where in this volume. These days a free-forearm flap phalloplasty 
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is the procedure of choice anastomosing the donor artery to the 
inferior epigastric artery and the donor vein to the saphenous vein 
and the donor nerves to the ilioinguinal nerve. Urethral fistulae and 
urethral strictures and the difficulties of providing a penile implant 
are a significant problem in the phalloplasty group, making replan- 
tation a better option when possible. 

Accidental damage to the penis occurs from time to time for 
other reasons whether as a result of penetrating trauma, such as 
military trauma, or mundane causes such as damage to the glans 
during circumcision. In all instances, the best policy is to explore, 
debride, and repair where possible, and to cover the procedure with 
antibiotics. Circumcision should be considered when there is likely 
to be or already is postoperative swelling and oedema. 
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CHAPTER 4.8 


General principles of trauma 
Graham Sleat and David Noyes 


Introduction to general principles of trauma 


Aetiology, incidence, and costs of trauma 


Trauma is a major public health problem worldwide, causing sub- 
stantial morbidity and mortality. It was estimated that in 2015, 
5.2 million people will have died as a result of traumatic injuries!; 
and for each person who dies from an injury, many survive, often 
with long-term physical and/or mental disability. Within England 
and Wales, traumatic injury is the leading cause of death of peo- 
ple from the ages of 1 to 44,? and disproportionately affects people 
when they are in the most economically active part of their lives, 
with some estimates placing the cost of major trauma to the econ- 
omy at £3.7 billion annually. Three times as many men are affected 
than women and trauma is also seen to have an increased incidence 
in the more deprived sections of society.4 

Most serious traumatic injuries seen in England and Wales are 
due to blunt force trauma, in most cases caused by either falls or 
road traffic collisions. These result in serious injuries, mainly to the 
lower limbs (40%) and head (20%), and in up to a third of patients, 
results in a stay in intensive care.° 


Injury severity scoring 

Traumatic injuries can be graded according to the Injury Severity 
Score (ISS).6 This is an anatomical scoring system that gives an 
overview of the severity of all the injuries a patient has sustained 
and correlates with patient mortality. The ISS can range from 1 to 
75, and by convention major trauma is a score of more than 15, and 
patients with a score above 8 are felt to have serious injuries. 

The score is calculated using the Abbreviated Injury Scale (AIS), 
where each injury in the body is graded from 1 (minor) to 6 (injury 
incompatible with life) and the body is divided into regions with 
only the most severe injury being counted from each region. The 
squared AIS scores for the most seriously injured three body 
regions are summed to give the ISS. However, any area which scores 
an AIS of 6 automatically results in an ISS of 75 as scores of 6 are 
viewed as incompatible with life. 


Models of trauma care 


International history of trauma care 


Advances in trauma care have often come with the harsh experi- 
ences gained in major military conflicts. Step changes in clinical 
practice have followed conflicts such as the First and Second World 
Wars and Vietnam in the twentieth century, and more recently Iraq 
and Afghanistan in the twenty-first century. As with many innova- 
tions, it takes a long time for the lessons learnt in one area to be 


translated into others. This has been the case with the care of the 
seriously injured. 

The first movement towards a structured system of trauma care 
for the civilian population was seen in the 1970s in the United 
States, where it was recognized that seriously injured patients 
required prompt and appropriate care in centres which had a spe- 
cialist interest in trauma care with the aim of reducing mortality. 
This was triggered by the National Academy of Sciences/National 
Research Council (NAS/NRC) Report on Accidental Death in 1966 
and led to the development of nascent trauma centres in some areas 
of the United States, including Florida and Illinois.” 

Further impetus to change in the USA came from a study by West 
et al. that demonstrated that San Francisco, which had a trauma 
system, had a lower mortality rate than that seen in neighbouring 
Orange County. This study resulted in changes not just in Orange 
County, but throughout the USA. Ultimately this resulted in the 
system of trauma care seen in the United States today, with the des- 
ignation by the American College of Surgeons, of level one and two 
trauma centres.” 

Subsequently, a systematic review has shown that seriously 
injured patients treated in a trauma centre as part of a trauma sys- 
tem have a 15% lower mortality than those treated outside of this 
system. !? This improvement applies not just to multisystem trauma, 
but also to injuries such as isolated head injuries, where mortality 
was found to be significantly higher in England and Wales with no 
trauma system in place, when compared with Victoria, Australia, 
which has a well-established trauma system.!! In addition, trauma 
systems have been shown to reduce the length of stay in hospital 
and increase the proportion of those living independently at six 
months after injury. !? 

Other countries have taken on the American model and are 
operating trauma systems where the most seriously injured patients 
are taken directly to major trauma centres, bypassing hospitals with 
facilities that are inadequate for their needs. Canada and Victoria 
State in Australia have long established major trauma centres and 
associated networks that are proven to improve care and reduce 
mortality. 

In parallel with this change in systems of healthcare manage- 
ment for trauma patients, the American College of Surgeons 
developed the Advanced Trauma Life Support Course®,!3 which 
has been adopted by many countries worldwide and teaches doc- 
tors in the safe and systematic management of trauma patients. 
Completion of this course or an equivalent is now a mandatory 
requirement for those coming to apply for their Certificate of 
Completion of Training in many surgical specialties, although 
not urology. 
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United Kingdom history of trauma care and current 
trauma organization 


In the United Kingdom, it has been recognized for many years that 
the system of care for the seriously injured was inadequate. The 
standard of care that patients would receive was dependent upon 
when and where they were injured, as the usual practice for the 
ambulance services was to take the patient to the nearest hospital’s 
accident and emergency department, irrespective of the availability 
of specialist care and rehabilitation services. As has been already 
discussed, there has been increasing worldwide evidence that tak- 
ing patients directly to the hospital best suited to their needs, even 
if that means bypassing the nearest hospital with an emergency 
department, is the most appropriate pathway of care. 

The Royal College of Surgeons of England first highlighted the 
deficiencies in trauma care in 1988 in their report “The Management 
of Patients with Major Injuries’. As a result, a pilot major trauma 
centre was set up at North Staffordshire Royal Infirmary; however, 
when assessed this only showed modest mortality benefit.!4 This is 
now thought to be due to the lack of integration of the whole trauma 
care pathway in this pilot, but the results reduced the momentum 
for change in the United Kingdom. 

As such, trauma was allowed to fall by the wayside and was not 
seen as a priority despite the accumulating evidence. Finally, fol- 
lowing a report by National Confidential Enquiry into Patient 
Outcome and Death (NCEPOD)—‘Trauma: Who cares?’ in 2007, 
the government of the day committed to improving the care pro- 
vided to trauma patients and appointed the first National Clinical 
Director for Trauma Care in 2009, Professor Keith Willett, who was 
tasked with setting up regional trauma networks across England. 
This task was aided by a critical National Audit Office Report on 
Major Trauma in 2010 which gave the government a final push 
towards funding the implementation of major trauma systems 
across England. 

An NHS Clinical Advisory Group was set up as part of this pro- 
cess to assess all the evidence relating to optimal care of the ser- 
iously injured; their report is valuable reading for those interested 
in this field.!5 

In parallel to this work, Lord Darzi’s reforms to healthcare in 
London also involved improving treatment by centralizing care for 
conditions when this was indicated by the available evidence. This 
included major trauma and the first three Major Trauma Centres in 
London (and the United Kingdom) went live in April 2010 at the 
Royal London Hospital, King’s College Hospital, and St George’s 
Hospitals, joined by a fourth (St Mary’s Hospital) the following year. 

The rest of England now has trauma networks that went live in 
2012, with each network covering a population of between 1.5 and 
5 million. Currently there are 22 adult major trauma centres (MTC) 
and associated networks in NHS England, with some combined 
centres that cater for children as well, and four specialist children’s 
major trauma centres (Fig. 4.8.1). 

Since going live, patients who sustain serious injuries within a 
45-minute available transit time to an MTC are diverted directly to 
the MTC and bypass local emergency departments. Pathways have 
also changed for patients who do not need immediate transfer to 
the MTC but need urgent specialist care, such as pelvic or acetabu- 
lar reconstruction, with a target being set for these patients to be 
transferred within 48 hours. 


The impact of the introduction of trauma systems has already 
been seen with an early audit of major trauma patients, showing 
that one in five who would have died before the networks were 
implemented now survive. In addition, it is predicted that for every 
extra survivor, three will make an enhanced recovery, hopefully 
allowing an earlier return to work.!® 

In the remainder of the United Kingdom, there are moves to 
implement similar measures for patients. However, at the time of 
writing no formal designation of major trauma centres or trauma 
networks has been made in Wales, Scotland, or Northern Ireland. 


Pre-hospital management of trauma care 


There is a trimodal distribution of deaths that occur following ser- 
ious trauma, with the first peak occurring almost immediately after 
the time of injury, the second peak in the initial hours and days, 
and the third within the first few weeks following injury. The man- 
agement of trauma victims cannot address the first peak, but early 
treatment can prevent death and reduce the morbidity in the other 
two groups. As such, it is recognized that the treatment of trauma 
patients needs to begin at the scene of the accident. 

Different countries have developed varying setups for treat- 
ing patients at the scene of any trauma. In the United Kingdom, 
traditionally ambulance technicians and paramedics have been 
the mainstay of the management of these patients, unlike some 
other countries where physicians have been routinely sent out to 
serious incidents. A large number of voluntary organizations, such 
as the British Association for Immediate Care (BASICS) and the 
multiple air ambulance charities have filled the gap, and there has 
been a growing recognition that pre-hospital care should be an 
integrated part of the pathway for the seriously injured patient. As 
such, there is now a specialty of pre-hospital care approved by the 
General Medical Council in the United Kingdom, and there are an 
increasing number of doctors being appointed to roles that involve 
some element of pre-hospital duty. There are also specially trained 
paramedics such as critical care paramedics and other healthcare 
professionals, who are able to provide an enhanced level of care 
(enhanced care team) at the scene to bring some aspects of hospital 
care directly to the patient. 

Different philosophies have held sway in pre-hospital trauma 
care over the years, but one aspect which is essential when deal- 
ing with any trauma situation is triage. Many of the causes of ser- 
ious injury by their nature mean that multiple casualties may be 
expected and it is important that any healthcare professional in the 
pre-hospital field is able to establish safety at the scene, and then 
rapidly and effectively triage patients so that the needs of patients 
are prioritized. This may under certain circumstances, particularly 
if resources are scarce, involve identifying those who are too ser- 
iously injured to help. In addition, with trauma networks now in 
place, those at the scene need to be able to decide when to acti- 
vate the major trauma pathway, and triage tools are in place to help 
those on the scene decide whether the patient in front of them 
needs to go directly to the MTC. 

Evidence from organizations such as the London Helicopter 
Emergency Medical Service (HEMS) has shown that bringing 
advanced resuscitative care to the patient at the scene saves lives, and 
it is recognized that certain targeted interventions can be key to pre- 
venting secondary injury, saving life, and reducing morbidity. Such 
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Fig. 4.8.1 Map of major trauma centres in England (April 2012). 
Reproduced courtesy of NHS Choices, www.nhs.uk 
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interventions can address immediate life-threatening problems such 
as airway compromise (intubation); tension pneumothorax or mas- 
sive haemothorax (chest thoracostomy with or without a chest drain); 
massive haemorrhage (blood transfusion, tranexamic acid); and car- 
diac arrest due to penetrating trauma (resuscitative thoracotomy). 


Initial/emergency management 


Introduction to initial/emergency management 


The initial management of the trauma patient in the emergency 
department is focused on rapidly identifying injuries that are life 
or limb-threatening and implementing immediate management for 
those found. Since the late twentieth century trauma care has fol- 
lowed the ABCDE approach. 

This involves the primary survey: 


+ Airway with cervical spine (C-spine) control 
¢ Breathing and ventilation 

¢ Circulation 

+ Disability 

+ Exposure 


followed by appropriate primary survey radiographic imaging. 

At this point, the more seriously injured patients will need to 
leave the emergency department setting for an interventional radi- 
ology suite or the operating theatre, but those who remain will 
require a thorough head to toe examination (secondary survey). 

Modern trauma care in hospitals in the United Kingdom tends 
not to involve sequential progression through the primary sur- 
vey algorithm; rather as there are multiple clinicians in the trauma 
team to assess the patient, assessment of these areas is carried out 
simultaneously. 

This section does not aim to teach how to manage trauma in its 
entirety, but aims to highlight important areas within each part of 
initial trauma management. 


Preparation and handover 


Most pre-hospital care systems have a pre-alert system for inform- 
ing the likely receiving emergency department of a seriously injured 
patient coming in. This usually takes the form of a phone call either 
directly from scene or via the ambulance control room to the emer- 
gency department giving details which may include patient age, gen- 
der, mechanism of injury, suspected injuries, current observations, 
and an estimated time of arrival. This allows clinicians in charge of 
the emergency department to decide whether or not to activate their 
hospital trauma team, and in many departments, there are protocols 
to guide this process (see Box 4.8.1 and Table 4.8.1). 

In most hospitals, the trauma team is led by an emergency phys- 
ician, and in MTCs in England this is mandated to be a consultant. 
The remainder of the team varies depending on the hospital, but 
the core typically consists of emergency physicians, anaesthetists, 
general surgeons, trauma, and orthopaedic surgeons, nurses, and 
operating department practitioners. The team leader may choose 
to involve other specialties at an early stage, such as urologists and 
neurosurgeons, should a relevant injury be suspected either from 
the pre-alert or initial assessments. 

At the time of arrival in the department, the handover typically 
follows the ‘ATMIST’ sequence: 


+ Age of patient 


Time of incident 


Box 4.8.1 An example of a trauma team activation protocol 


The trauma team should be called for any patients who meet one 
of the following criteria on arrival to the department. 


1. 


Physiological triggers 
Airway compromise 
+ Clinical evidence of hypovolaemia 
+ GCS <13 
+ In adults only: 
e SBP <90 mmHg 
e RR <10 or >29 


e Pregnant >20 weeks with torso trauma 


2. Anatomical triggers 


+ Penetrating trauma (except in a limb) 

+ Flail chest 

+ >1 major long bone fracture (humerus/femur/tibia) 
+ Suspected pelvic fracture 

+ Spinal cord injury 

+ Significant burn or enclosure with fire 


+ Amuptation proximal to wrist or ankle 


Pre-hospital triggers 


+ If pre-hospital information is reliable and fulfils the above 
criteria 


+ Multiple trauma patients 


4. Mechanism triggers 


+ Fall >3 metres (or twice the approximate height of the child) 
+ Significant intrusion to the vehicle 

+ Death or serious injury to another occupant of the vehicle 
+ Ejection from the vehicle 


+ If in doubt, activate the trauma team 


Discretionary triggers 


+ If deemed necessary by senior emergency department doc- 
tor or sister 


+ Multiple trauma patients 


Table 4.8.1 Physiological triggers for paediatric patients 


Infant <1 year Small child Large child 
1-8 years 9-15 years 

RR <20 or >50 <20 or >35 <15 or >25 
Systolic BP <70 mmHg <70 mmHg <80 mmHg 
Pulse <90 or >170 <75 or >130 <60 or >120 
GCS <13 
Sats <90% 
Skin Cool, pale, clammy 


+ Elderly (>55 years) or multiple co-morbidities 

+ If in doubt, activate 
Consultant attendance within five minutes of patient arrival 
(see Table 4.8.1) 
Glossary 
GCS 
SBP 


RR respiratory rate 


Glasgow Coma Scale 


systolic blood pressure 


Sats oxygen saturations 


Reproduced courtesy of the Emergency Department, Nottingham University 
Hospitals NHS Trust. 


+ Mechanism of injury 
Injuries (top to toe) 
+ Vital Signs 


+ Treatment rendered 


Airway and C-spine control 


Major trauma patients are generally removed from the scene ona long 
board or scoop with three-point immobilization with head blocks, 
neck collar, and tape. Should these not be in place for any reason, it is 
imperative that the cervical spine is protected as soon as is practicable. 
Difficulties can arise, for example with a combative patient, however 
this may be a sign that the patient is hypoxic and it is vital that the 
cause of any irritability is addressed as this will allow safe manage- 
ment of the C-spine. Hard long spinal immobilization boards can rap- 
idly cause pressure sores and should be removed as soon as possible as 
part of a log roll and examination of the back. In line immobilization 
of the C-spine and the rest of the spine should be maintained until 
injury has been ruled out (either clinically or radiologically). 
Generally, within the hospital environment the airway is man- 
aged by emergency physicians and anaesthetists, but surgeons may 
be involved should a surgical airway be required. High-flow oxygen 
is applied to all patients when they first arrive in the department 
and those who cannot maintain their own airway will require a 
definitive airway, usually in the form of a cuffed endotracheal tube. 


Breathing and ventilation 


A rapid assessment of the patient’s breathing and ventilation to 
include screening for any immediately life-threatening injuries is 
essential. Patients may demonstrate unequal chest rise, tracheal devi- 
ation, unequal or absent breath sounds, or changed percussion note. 
All of these may be signs of immediately life-threatening injuries. 
These injuries need immediate intervention (e.g. chest tube thora- 
costomy) in the case of massive haemothorax, along with appropriate 
resuscitation and treatment of the underlying cause (Table 4.8.2). 


Circulation 


Patients may present in shock with symptoms and signs as in 
Table 4.8.3. Haemorrhagic shock is by far the commonest type of 
shock in trauma patients, but other non-haemorrhagic causes such 
as cardiac tamponade and neurogenic (spinal cord injury) should be 
considered. Major haemorrhage is one of the main reasons for death 
in trauma patients and common sites for haemorrhage causing shock 
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Table 4.8.2 Immediately life-threatening chest injuries 


Injury Key signs Immediate management 


Tension + 
pneumothorax œ 


Tachycardia Immediate decompression 
with wide bore cannula 
inserted into second 
intercostal space mid- 
clavicular line, followed by 


chest tube thoracostomy 


Tracheal deviation away 
rom side of lesion 


+ Hyperresonant percussion 
note on side of lesion 


@ Decreased breath sounds 
on side of lesion 


 Breathlessless and hypoxia 


Massive ypoxia Resuscitate including 
haemothorax ypotension and tranfusion. Chest tube 
achycardia thoracostomy. If significant 
: initial (>1,500 mL) or 
+ Dull percussion note on : 
: ; ongoing (>200 mL/hour) 
side of lesion : : 
blood loss will require 
cardiothoracic review and 
possible thoracotomy 
en vious chest wal cclude opening wi 
O > Ob hest wall Occlud th 
pneumothorax wound with air sucked in impermeable dressing 
on inspiration secured on three sides for 
+ Hypoxia flutter valve effect, followed 
by chest tube thoracostomy 
Flail chest and + Asymmetrical chest wall Supportive. Ensure adequate 
pulmonary movement oxygenation and ventilation, 
contusion ¢ Gepitations on palpation resuscitation. Provide 
suggestive of multiple rib adequate analgesia including 
fractures possibly an intercostal nerve 
‘ block. May require high 
+ Hypoxia as) 8 


dependency care 


are abdominal (e.g. from splenic rupture) and pelvic (e.g. secondary 
to pelvic fracture causing arterial bleeding). A focused examination 
may locate likely sources of bleeding, but manoeuvres such as ‘spring- 
ing’ the pelvis are contraindicated. Patients who are suspected to have 
a pelvic fracture should have a pelvic binder applied; this is often done 
in the pre-hospital environment (Figs 4.8.2 and 4.8.3). Patients who 


Table 4.8.3 Grades of shock with clinical features 


Class of Blood loss Clinical features 

haemorrhagic shock 

1 0-15% (<750 mL) Anxious, but normal 
observations 

2 15-30% (750-1,500 mL) Tachypnoeic, tachycardic, 
narrowed pulse pressure, 
decreased urine output 

3 30-40% (1,500-2,000 mL) Markedly tachypnoeic, 
tachycardic, and 
hypotensive. Confused 

4 >40% (>2,000 mL) Worsening of features 


seen in class 3 plus 
worsening conscious level, 
bradycardia, and anuria 


Source: data from American College of Surgeons Committee on Trauma, Advanced 
Trauma Life Support® (ATLS) Student Manual, Ninth Edition, American College of Surgeons, 
Chicago, USA, Copyright © 2012; and Louis Solomon et al. Apley’s System of System 

of Orthopaedics and Fractures, Ninth Edition, CRC Press, Taylor & Francis, Florida, USA, 
Copyright © 2010. 
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Fig. 4.8.2 Pelvic binder correctly applied. 


Image courtesy of Mr Tim Chesser. 


»m 15:31:26 


Fig. 4.8.3 (A to C) Open book pelvic fracture XR +/— angioembolization. 


have a pelvic fracture and are suspected to have a urological injury 
should be managed according to the recently published joint British 
Orthopaedic Association and British Association of Urological 
Surgeons standards.!7 

Emergent resuscitative measures are necessary to restore and 
maintain the circulating blood volume and stabilize the patient, but 
there is also a need for this to be balanced to reduce the risk of dis- 
lodging a clot that may lead to further catastrophic haemorrhage. 
All trauma patients should receive two wide bore intravenous can- 
nulae. Traditionally, they would receive a litre of warmed crystalloid 
with their response to this being divided into non-responders (sur- 
gery required), transient responders (usually surgery required), and 
responders (serial observation). Knowledge gleaned from military 
medicine has now influenced the resuscitative phase of treatment 
and early use of blood products in the seriously injured is recom- 
mended. The exact ratio of packed red blood cells to fresh frozen 
plasma and platelets may vary by institution but most centres now 
have a massive transfusion protocol that guides the management of 
trauma patients with suspected major haemorrhage (see Fig. 4.8.4). 


Patient bleeding/collapses 
Ongoing severe bleeding e.g. 150 mL/min and clinical shock 


Activate major haemorrhage protocol 


Glossary 
Administer tranexamic acid 
ideally within 1 hour 
(1 g bolus followed by 1 g infusion over 8 hours ABG Arterial blood gas 


APTT Activated partial thromboplastin time 


J FBC Full blood count 


FFP Fresh frozen plasma 
ia Administer N ; 
‘Major Haemorrhage Pack 1’ Hb Haemoglobin 
Plt Platelets 
Red cells 6 units 
FFP 4 units PT Prothrombin time 
(Emergency O blood if immediately required, TEG — Thromboelastography 


group-specific, or cross-match if available) U&E Urea & electrolytes 

Take blood and send to lab: ULN Upper limit of normal 

Cross-match, FBC, PT, APTT, fibrinogen, U&E, calcium. 
Consider near patient testing (ABG, TEG) 


Reassess ` Aims for therapy 
=n Hb 8-10 g/dL 
Suspected continuing haemorrhage requiring Plt 550 x 109/l 
further transfusion 
PT <1.2x ULN 
Take bloods and send to lab: APTT <1.2x ULN 
FBC, PT, APTT, fibrinogen, U&E, 
calcium ABG, and TEG if available Fibrinogen — > 1.5 g/l 
Calcium >1 mmol/l 
Temp >36°C 
r ` pH (on ABG) >7.35 
Administer 
‘Major Haemorrhage Pack 2’ 
Red cells 6 units 
FFP 4 units 
Platelets 1 dose 
Cryoprecipitate 2 packs 


MS 


J 


Repeat bloods 
FBC, PT, APTT, fibrinogen, U&E 
ABG and TEG if available 
To inform further blood component requesting 


Fig. 4.8.4 An example of a major haemorrhage protocol. 
Reproduced courtesy of Oxford University Hospitals NHS Trust. 
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Evidence from the CRASH-2 trial!® has clearly shown a role for 
administering tranexamic acid in patients with traumatic bleeding. 
It has been shown to reduce mortality in all patients with traumatic 
bleeding when administered within three hours of injury without 
any apparent increase in adverse thrombotic events. In most hos- 
pitals, tranexamic acid has been integrated within the care pathway 
of all trauma patients with suspected haemorrhage and is typically 
given intravenously as 1 g over 10 minutes within three hours of 
injury, and then 1 g over eight hours. 

Non-responders to resuscitation require emergent interven- 
tion. In the case of pelvic haemorrhage this may be in the form of 
interventional radiology, but in hospitals where this is not readily 
available surgeons should be prepared to control bleeding with a 
combination of external fixation and extraperitoneal pelvic packing. 


Disability 

Head injuries contribute significantly to morbidity and mortal- 
ity following trauma. The aim of management in the emergency 
department is to recognize any traumatic brain injury, and institute 
management that aims to reduce secondary brain injury. This may 
involve intubating patients with a Glasgow Coma Scale (GCS) of 8 
or less, controlling ventilation to optimize cerebral perfusion, and 
early neurosurgical review. 

Patients with severe head injuries require intubation and con- 
trol of pCO, to ensure that an appropriate balance is maintained 
between cerebral oedema and vasoconstriction of blood vessels. 
Generally, normocapnia is aimed for, although hyperventilation 
may be indicated in those where immediate control of intracranial 
pressure (ICP) is required. 

Mannitol (an osmotic diuretic) may be given in specific circum- 
stances when advised by a neurosurgeon, for example in a patient 
with a severe brain injury who has impending brainstem herniation 
to acutely reduce their ICP to allow for transfer to a neurosurgical 
centre. 


Exposure and environmental control 


Adequate exposure, while maintaining normal body temperature, 
is essential when assessing trauma patients. Clothing should be 
removed and, if necessary, cut off. This allows adequate assess- 
ment of any deformities, bruising, or other obvious abnormali- 
ties on inspection. Examination should include a log roll to allow 
inspection of the back and posterior aspect of the limbs and head. 
Omitting any part of exposure will result in potentially serious inju- 
ries being missed (e.g. posterior stab wounds). 

At the same time, adequate warming needs to be instituted. This 
may consist of blankets and warmed fluids, but may also require 
the use of a warm air blanket. This is vital for trauma patients, as 
haemorrhage is a common problem and normothermia is required 
for normal clotting function. 


Primary survey imaging 

Modern trauma care relies on the prompt radiological imaging 
of patients with serious injuries so that their management can be 
appropriately planned as soon as possible. All imaging acts as an 
adjunct to the primary survey. 

Radiographs during the primary survey are generally restricted 
to anterior to posterior (AP) chest and pelvis X-rays that augment 
clinical assessment of immediately life-threatening injuries. In 
addition, focused assessment with sonography for trauma (FAST) 


scanning acts as an extension of the physical examination in trauma 
patients allowing rapid assessment for free fluid in four areas (peri- 
hepatic, perisplenic, pelvis, and the pericardium). 

Most centres now assess the most seriously injured patients with 
a computerized tomography (CT) trauma series that involves a CT 
scan from the vertex to symphysis pubis. This allows major injuries 
to be characterized promptly and, given the frequency of multiple 
injuries in major trauma patients, also reduces the risk of missing a 
serious concomitant injury (e.g. pelvic fractures may be associated 
with a serious intra-abdominal cause of bleeding in up to 40%). 

A pick and mix approach to CT scanning of patients is generally 
not good practice if there is a significant mechanism of injury. For 
example, there is no role for cervical spine X-rays rather than CT 
in a head injured patient requiring a CT scan of the head as it is 
unlikely that adequate imaging will be obtained with plain X-rays. 
In addition, head injured patients can be difficult to assess clinically 
and so there should be a low threshold for a complete trauma CT 
series in those where the mechanism would suggest a likelihood of 
multiple injuries. 

Prompt assessment is vital and target times for CT scanning 
have been set for head injured patients by the National Institute 
for Health and Care Excellence (NICE) in England and Wales. It 
is expected that patients should receive a CT head scan within one 
hour of arrival in the emergency department. 


Secondary survey 


Should a patient have any significant life (or limb) threatening inju- 
ries, these should be dealt with immediately. This may involve an 
intervention in the resuscitation room, or may involve a proced- 
ure in an interventional radiology suite or operating theatre. These 
interventions should not be delayed for further imaging or to con- 
duct a secondary survey. 

Once such injuries have been managed or ruled out, a thorough 
secondary survey is required that involves examining the patient 
from the top of the head to the tips of their toes looking for any 
injuries. This involves eye and ear examination, palpation of all 
four limbs and spine, as well as trunk and abdominal examination. 
An incomplete secondary survey will result in missed injuries, and 
even a missed finger fracture can lead to long-term morbidity if 
inadequately managed initially. 

The secondary survey is the responsibility of the team in charge 
of the patient's care, and once they leave the emergency depart- 
ment, this is often the surgical team dealing with the patients most 
serious injuries. It may not be possible to fully complete the second- 
ary survey until a patient is conscious and talking, and so it is vital 
that any aspects remaining are well communicated to colleagues via 
the medical record. 


Definitive care 


Once patients have been assessed in the emergency department, 
they need access to the most appropriate specialists to manage 
their ongoing care. Often this involves several different specialties 
(e.g. intensive care anaesthetists, neurosurgeons, orthopaedic sur- 
geons, general surgeons, and on occasion urologists). It is vital that 
patients are treated in a centre that has access to all the specialties 
required for that patient’s care and if not, the patient needs to be 
transferred to a centre that can offer that care. In areas covered by a 
trauma network, this is facilitated by either direct admission to an 
MTC, or by an early transfer from a trauma unit to an MTC. 


As discussed in the previous section, patients with life- or limb- 
threatening injuries often require immediate intervention in the 
form of surgery. However, in those patients with multiple injuries 
it is now recognized that dealing definitively with all their injuries 
in one sitting is potentially dangerous as it can lead to physiological 
deterioration. This is because the major traumatic episode itself 
represents a significant insult to the body and prolonged surgery 
too early following this is a further insult that can result in the lethal 
triad of coagulopathy, hypothermia, and metabolic acidosis. 

This has now been recognized and has resulted in the principles 
of damage control surgery (DCS) where major injuries are oper- 
ated on in a staged fashion, with the initial surgery aiming to sta- 
bilize the patient by stopping haemorrhage and preventing further 
injury or harm. Patients are then transferred to intensive care and 
are returned to theatre within a few days (or when in an improved 
physiological state) for definitive procedures. The key is to time 
the definitive procedures so that they do not lead to a worsening 
systemic inflammatory response syndrome (SIRS) that can lead to 
multiorgan dysfunction and potentially death. 

Examples of DCS include the external fixation of long bone frac- 
tures in polytrauma patients and damage control laparotomy where 
haemorrhage is controlled, damaged bowel resected, and the abdo- 
men temporarily closed. 


Rehabilitation and re-enablement 


In the past, the rehabilitation phase of a patient's journey following a 
serious traumatic injury was often forgotten about until the patient 
was nearing discharge from the acute ward. This attitude is slowly 
changing and the management of the seriously injured patient must 
be multidisciplinary involving multiple physicians and surgeons, 
nurses, physiotherapists, and occupational therapists. 

There are a growing number of major trauma centres who 
employ a director of rehabilitation who is responsible for ensuring 
the patient receives the rehabilitation and re-enablement services 
they require; not just in hospital, but extending into the commu- 
nity. This is aided by rehabilitation prescriptions which are a state- 
ment of rehabilitation needs that the patient requires to help them 
along the journey towards a full recovery. 

Rehabilitation is not simply about getting a patient back to 
mobility, but requires a holistic approach. This involves assessing 
the patient’s physical needs, and also any psychological and social 
needs that require addressing to get them back to as close to normal 
function as possible. Trauma creates a large financial burden on the 
nation, and ultimately once a patient’s life has been saved, it is vital 
that they are returned, if possible, to being a productive member of 
society. For some, this is by enabling rapid return to work, but for 
others this may not be possible. In those cases, all clinicians need to 
work together to enable patients to reach their full potential, taking 
into account the injuries they sustain. 


Conclusions 


Trauma is the leading cause of death of young adults and children 
in the world. It is also responsible for a significant incidence of long- 
term disability. By acquiring knowledge of the key concepts in trauma 
management, surgeons can help to reduce the long-term impact of 
traumatic injuries in terms of both morbidity and mortality. 
Significant changes in emergent care in recent years include the 
use of major transfusion protocols and the use of tranexamic acid 
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for those suspected of having traumatic bleeding. The concept of 
damage control surgery is also vital to ensuring the survival of the 
most seriously injured. In the future, the areas of rehabilitation and 
re-enablement will require increasing focus if we are to improve the 
number of patients able to return to their previous levels of function. 


Further reading 


American College of Surgeons Committee on Trauma. Advanced Trauma 


Life Support? ATLS Student Manual, 9th edition. Chicago, IL: American 
College of Surgeons, 2012. 


CRASH-2 Collaborators. Effects of tranexamic acid on death, vascular 


occlusive events, and blood transfusion in trauma patients with 
significant haemorrhage (CRASH-2): a randomised, placebo- 
controlled trial. Lancet 2010; 376:23-32. 


NHS Clinical Advisory Group. Regional networks for major trauma. NHS 


Clinical Advisory Groups Report. Available at: http://www.excellence. 
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CHAPTER 5.1 


Bladder outflow obstruction 
Christopher R. Chapple and Altaf Mangera 


Aetiology of bladder outflow obstruction 


It is not possible to diagnose bladder outlet obstruction on a his- 
tory alone. It can be suspected based on the use of a flow rate but 
can only be diagnosed using pressure flow urodynamics. Although 
clearly premicturition delay, a poor stream, and a feeling of incom- 
plete bladder emptying all suggest the diagnosis, detrusor under- 
activity or drugs may lead to the same symptoms as bladder outlet 
obstruction (BOO). With this in mind, men with lower urinary 
tract symptoms (LUTS), should not be assumed to have a voiding 
disorder/prostatic disease based on the history alone. If there is any 
doubt as to the diagnosis, then pressure/flow cystometry is neces- 
sary to differentiate and definitively confirm obstruction. 
Mechanical causes of BOO include phimosis, posterior ureth- 
ral valves, urethral strictures, urethral diverticulum, prostate 
carcinoma, pelvic masses such as fibroids, urethral kinking as a 
consequence of a cystocele, and bladder neck stenosis. Due to ana- 
tomical differences between the genders, the aetiology of BOO 
differs between the sexes (Table 5.1.1). In younger men, bladder 
neck obstruction is the most likely cause if a urethral stricture has 
been excluded. In elderly men, the most common cause of BOO is 
an enlarged prostate; and therefore, if a patient is proven to have 
obstruction caused by the prostate, they are said to have benign 
prostatic obstruction (BPO). Besides BPO, there are also other 
causes of BOO. These include detrusor sphincter dyssynergia, 
which is the simultaneous contraction of the urethral striated mus- 
cle or pelvic floor muscles at the same time as the detrusor muscle. 
If this occurs in neurologically normal individuals, then it is termed 


Table 5.1.1 Causes of voiding difficulty in men and women 


dysfunctional voiding, but in all cases it is essential to exclude an 
underlying neurological abnormality. Both lead to staccato voiding 
due to intermittent sphincter contraction and relaxation. Certainly, 
if a neurological abnormality is identified, non-relaxing urethral 
sphincter obstruction is said to occur, which is characterized by a 
reduced flow. 

Voiding difficulty is far less common in females and when it 
occurs, it should be thoroughly investigated with anatomical and 
functional investigations. Most female patients with voiding diffi- 
culty have a neuropathic disorder affecting the bladder, but a func- 
tional obstruction of the bladder outlet/urethra or detrusor muscle 
failure must be excluded. Fowler’s syndrome occurs in women after 
menarche, presenting with high volume painless retention in the 
absence of obvious neurological or pharmacological precipitating 
factors.! These women have high maximum urethral closure pres- 
sures and find catheterization extremely painful. 


History 


The history should be directed at helping the clinician elucidate 
the underlying cause of BOO. Therefore, important questions 
include length and progression of symptoms, previous abdom- 
inal, gynaecological or urological surgery, and degree of bother. 
A detailed neurological and drug history is also mandatory as 
many drugs and neurological conditions will affect detrusor and 
sphincter coordination, and bladder contractility. Patients may 
also describe incomplete emptying and secondary frequency +/— 
urgency. A gynaecological and obstetric history should also be 


Anatomical 


Functional 


Detrusor muscle failure 


Men Prostatic obstruction 


Detrusor sphincter dyssynergia 


Primary 


Bladder neck obstruction 


Dysfunctional voiding 


Secondary to outflow obstruction 


Urethral stricture 


Non-relaxing urethral sphincter 


Previous pelvic surgery 


Phimosis 


Posterior urethral valves 


Prostatic carcinoma 


Women Compression from prolapse 


Detrusor sphincter dyssynergia 


Primary 


Compression from tumour 


Dysfunctional voiding 


Post parturition 


Urethral stenosis 


Non-relaxing urethral sphincter 


Secondary to outflow obstruction 


Overcorrection from tape surgery 


Fowler's syndrome 


Previous pelvic surgery 
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taken from women, as a pelvic mass may lead to BOO by causing 
physical obstruction of the bladder outlet and prior pelvic surgery 
could lead to detrusor underactivity. Objective quantification of 
BOO symptoms in men should include the International Prostate 
Symptom Score (IPSS) questionnaire, which measures seven symp- 
tom domains scored from 0-5 and has a final quality of life (QoL) 
question.* No similar questionnaire is available for the assessment 
of voiding symptoms in women. 


Examination 


Examination for BOO includes an abdominal, digital rectal, per 
vaginal, and focused neurological examination. Abdominal exami- 
nation should assess for a palpable bladder and for other abdominal 
masses. Per vaginal examination should also examine for masses, 
particularly a vaginal prolapse. The digital rectal examination 
should assess perianal sensation, anal tone, prostate size, and for 
any prostatic irregularity. In both genders, the external urethral 
orifice should be visualized and any stenosis excluded. A phimosis 
needs to be excluded in men with a prepuce; conversely, a circum- 
cised penis may indicate previous lichen sclerosis, which may point 
to urethral stricture disease. 


Investigations 


The term ‘the bladder is an unreliable witness’ was first coined with 
the knowledge that LUTS may not be disease specific and can be 
reported or documented inaccurately by the patient or investigator, 
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respectively. Therefore, further investigations may be necessary to 
shed light on the underlying abnormality. Lower urinary tract func- 
tion may be separated into two distinct yet interrelated functions; 
storage and voiding. BOO arises as a consequence of an abnormal- 
ity in voiding function. 

There are several investigations which may help clarify the 
underlying cause of apparent BOO and help in differentiating this 
from poor detrusor contractility. It is best to view these investiga- 
tions individually. The history is clearly important and should be 
supplemented by a questionnaire in the male, such as IPSS. 


Creatinine and abdominal ultrasound scan 


Creatinine estimation and renal ultrasound scan are not routine 
investigations in patients with suspected BOO. However, if there 
is a high post-void residual >200 mL or a pelvic mass is suspected, 
then these should be undertaken. 


Uroflowmetry 


This is a simple test which can be performed in most outpatient 
departments with a flow meter and an ultrasound bladder scanner. 
There are many important parameters which may be obtained from 
uroflowmetry (Fig. 5.1.1, Fig. 5.1.1A). These include the voided vol- 
ume, which is the total volume of micturition. This must be greater 
than 150 mL if the flow rate is to be considered representative. The 
maximum flow rate (Qmax) is the flow rate at the peak of the curve 
after correction for artefacts. The flow time is the time over which 
measureable flow occurs and excludes interruptions when no flow 


Qmax 


Time (s) 


Time (s) 


Fig. 5.1.1 (A) Normal flow rate recording showing parameters which may be interpreted. (B) A typical flow rate pattern for a patient with BPO: note the reduced Qmax, 
and prolonged flow time and time to Qmax. (C) A typical flow rate pattern for a patient with a urethral stricture (note the reduced Qmax and flat plateau flow pattern). 
(D) A typical flow rate pattern for a patient with detrusor sphincter dyssynergia: note the intermittent flow pattern. 


Table 5.1.2 The proportion of patients 
with BOO for the corresponding Qmax categories 


Qmax Patients with BOO 
<10 mL/s 90% 
10-14 mL/s 67% 
>14 mL/s 30% 


is recorded. The voiding time is the total time taken for voiding 
regardless of interruptions. The average flow rate is calculated by 
dividing the voided volume by the flow time. Time to maximum 
flow is the time from onset of flow to Qmax. The typical flow pat- 
tern in a male with BPO is described as ‘prolonged’ and is shown in 
Fig. 5.1.1B. The characteristic flow pattern for a urethral stricture is 
shown in Fig. 5.1.1C and is described as ‘flat. Inappropriate sphinc- 
teric contraction during voiding will lead to an intermittent flow 
(Fig. 5.1.1D) and is seen in detrusor sphincter dyssynergia. 

Generally speaking, the Qmax in young healthy males is 30-40 
mL/s and is 40-50 mL/s in females. With age the Qmax lessens 
and in men aged >60 years, a Qmax of 15 mL/s may be acceptable 
and leads to no discernible symptoms. The post-void residue in a 
normal individual should be minimal (<50 mL). A flow rate will 
not be able to differentiate between high detrusor pressure with 
low flow or low detrusor pressure with low flow—this distinction is 
important because many patients who have an unsatisfactory result 
following previous prostatic surgery often have low-pressure, low- 
flow voiding dysfunction. 

In male patients, uroflowmetry in general (Qmax in particular) 
is certainly useful but lacks specificity for a reliable urodynamic 
diagnosis of the cause of abnormal voiding as shown in Table 5.1.2. 


Cystoscopy 


Cystoscopy is not routinely utilized in the investigation of BOO and 
is principally undertaken if a urethral stricture is suspected. In men 
>60 years with the appropriate history, examination, and flow rate 
findings, a cystoscopy is seldom required. Treatment for benign 
prostatic obstruction can be commenced without cystoscopic evi- 
dence of obstruction, the only indication being a suspected bladder 
pathology in the context of marked storage symptoms, haematuria 
or abnormal urinalysis. 


Cystometry (see Chapter 3.2) 


The use of cystometry (also called pressure/flow urodynamics) in 
men with clear obstructive symptoms and a classical flow rate pat- 
terns is not necessary, prior to instituting pharmacotherapy. Its util- 
ity is more often reserved for patients with either mixed LUTS or 
chronic retention when detrusor overactivity and underactivity are 
questioned. In addition, patients who have failed bladder outflow 
obstruction surgery may undergo these studies. Nevertheless, in 
many centres it is considered useful as a preoperative diagnostic 
modality prior to surgery, although the evidence base for a predic- 
tive role in determining outcome of surgery is not yet proven. 
Cystometry is therefore the method by which the pressure/vol- 
ume relationship of the bladder is assessed. The term is taken to 
mean the measurement of detrusor pressure during filling and 
voiding. Put simply, a catheter with a transducer tip is inserted in 
to the bladder and another similar catheter is inserted in to the 
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Fig. 5.1.2 Simplified cystometrogram demonstrating the calculation of 
PdetQmax: note the void phase is usually longer, but has been omitted for clarity. 


rectum. The intravesical pressure is a consequence of the detrusor 
pressure and the abdominal pressure. Therefore, subtraction of the 
abdominal pressure from the intravesical pressure gives the detru- 
sor pressure (Fig. 5.1.2). 

The remainder of this chapter will discuss the changes in the 
voiding phase of cystometry as the storage phase has been dis- 
cussed elsewhere. The void phase produces a flow pattern as well as 
a detrusor pressure trace (Fig. 5.1.2). The flow patterns have been 
described above. The urodynamicist should also look at the pattern 
of detrusor contraction. This should rise, be sustained for a period 
to allow voiding, and fall as shown in Figure 5.1.2. One must be 
wary that the detrusor pressure is a calculated (subtracted) and any 
artefacts in the abdominal or intravesical lines may lead to errone- 
ous interpretation of the detrusor pressure. Correctly subtracting 
cystometry lines should take account for abdominal straining with- 
out affecting the detrusor pressure. 

The detrusor pressure at the time of maximum flow is known 
as the PdetQmax. This is important because it allows the calcula- 
tion of the bladder outlet obstruction index (BOOI). The BOOI 
has been validated in a male population. The BOOI = PdetQmax- 
(2*Qmax). If the BOOI >40 cmH,O then the patient is obstructed. 
BOOI 20-40 cmH,,0 is equivocal and BOOI <20 cmH,0O suggests 
detrusor underactivity, rather than obstruction. 

Similarly, the voiding trace can be plotted on an Abrams-Griffiths 
or International Continence Society nomogram.* These are pre- 
plotted scatter graphs where the Qmax is plotted on the x-axis and 
PdetQmax on the y-axis (Fig. 5.1.3, Fig. 5.1.3A). The patient’s void 
phase is plotted on the graph by the urodynamics machine and the 
furthest point on the x-axis is equivalent to the PdetQmax. The 
graph contains a BOOI >40 cmH, cut off for each Qmax value 
to signify obstruction, a BOOI<20 cmH,O for unobstructed, and 
a 20-40 cmH,O range for equivocal results. This methodology 
requires less calculation by the urodynamicist and is therefore 
sometimes preferred over the calculation of the BOOI but is essen- 
tially the same. 

Bladder contractility has also been defined by the International 
Continence Society. 412 PdetQmax +5Qmax. BCI>150 cmH,0 
reflects strong bladder contractility, 100-150 cmH,O is normal and 


411 


SECTION 5 BENIGN PROSTATIC HYPERPLASIA 


(A) 


peN Obstructed 

Q, 

T 

E 90 
X 

E i 70 
Q Equivocal 

5 

Qa. 

20 
Unobstructed 
0 25 
Qmax (ml/s) 


(B) 


160 

Severe obstruction (Zone 3) 
G, 
T 
§ 110 
x Moderate obstruction (Zone 2) 
E 
Q 
v 
y 60 

Obstruction (Zone 1) 

No obstruction (Zone 0) 


0 50 
Free Qmax (ml/s) 


Fig. 5.1.3 (A) International Continence Society nomogram for the bladder outlet obstruction index; and (B) the Blaivas-Groutz nomogram for female obstruction. 


<100 cmH,O is reduced. Similarly, a bladder contractility nomo- 
gram may be used. Calculating the above two parameters assists 
the clinician in differentiating between BOO and reduced detru- 
sor contractility in male patients. An obstructed patient will have a 
high BOOI and BCI, whereas, a patient with detrusor impairment 
will have a low BOOI and BCI. 

The above definitions and nomograms do not apply in women due 
to their different voiding characteristics. Men generally, have a high- 
flow, high-pressure voiding system, while women have a high-flow, 
low-pressure voiding system. This is due to the differing resistance of 
the infravesical urinary tract in both genders. The definition of BOO in 
women is therefore not as well defined as in men. Blavias and Groutz 
have created a nomogram for female obstruction (Fig. 5.1.3B).4 In 
their analysis, BOO was defined as a free Qmax <12 mL/s (i.e. dur- 
ing uroflowmetry without a catheter) and a Pdetmax >20 cmH,O 
(this is the maximum detrusor pressure generated and different to the 
PdetQmax). Another proposed definition was the inability to void in 
the presence of a sustained detrusor contraction of >20 cmH,O. 


Videocystometry 


Cystometry may be combined with concurrent fluoroscopic imag- 
ing of the bladder outlet which may help with the diagnosis.” The 
urodynamicist looks at the bladder neck and urethra during a 
sustained detrusor contraction. This investigation gives a level for 
the obstruction, which guides the clinician to what may be caus- 
ing the obstruction, which can be confirmed by appropriate other 
investigations. 


Non-invasive cystometry 


Due to the invasiveness of cystometry, a number of non-invasive 
urodynamic investigations have been proposed. These provide 
either traditional cystometric measures in a non-invasive manner, 
or they provide a surrogate marker of obstruction. Indirect isovolu- 
metric bladder pressure may be assessed with the use of a penile 
cuff? or a condom catheter.’ Alternatively, measures such as blad- 
der wall thickness/bladder weight’ and bladder vascular resistance? 
as assessed by ultrasound have been reported as proxies to BOO. 
At the time of writing, all of these techniques are still considered 
investigational and have not entered routine practice. Ambulatory 
urodynamics has also been suggested as a potential diagnostic 
approach, particularly in patients with so-called “bashful voiding, 


who cannot void during a urodynamic study, but also remains 
investigational at present. 


Urethral pressure profilometry 
and electromyography 


Both of these two modalities have been evaluated but are not widely 
used in routine practice for male patients. These tests are reserved 
for women where neurological, iatrogenic, and local causes of 
BOO have been excluded. They are not essential and a diagnosis of 
Fowler’s syndrome can be made based on the history and cystomet- 
ric findings. These women have high maximum urethral closure 
pressure, increased sphincteric volume, and characteristic striated 
urethral sphincter abnormalities.! 
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CHAPTER 5.2 


Urinary retention in men 


Mark Speakman 


Introduction to urinary retention 


Urinary retention continues to be a significant burden for both the 
patient and healthcare services in the United Kingdom and around 
the world. It is associated with a significant reduction in patients’ 
quality of life. In acute urinary retention (AUR), the impact of the 
pain may be equivalent to renal colic or childbirth; this is due to 
the sudden onset with the stretching of the bladder causing con- 
siderable pain.!? In chronic urinary retention (CUR), the onset is 
usually so slow that there may be no pain. 

Retention remains a complex subject, presenting in various ways 
as a result of numerous pathological processes. The abundance of 
definitions of retention in the literature, particularly for chronic 
retention, makes this more difficult to comprehend.*4 

In the past (20-30 years ago) urinary retention was regarded as 
an immediate indication for surgery and in older reports, 25% to 
30% of men who underwent transurethral prostatectomy (TURP) 
had AUR as their main indication. With the introduction of med- 
ical treatments and changes in practice for the management of 
retention, these rates have changed significantly.® 


Definitions 


Let’s start with the basics; retention literally means the act or an 
instance of retaining (Oxford English Dictionary [OED]); from 
the Latin retinere to hold back or withhold. It does not, in essence, 
mean the inability to pass (urine); although this tends to be the 
medical usage of the term. While this medical definition works well 
for acute retention, the proper formal definition works better for 
chronic retention. 

Urinary retention is the inability of the bladder to empty to com- 
pletion. This may be acute, chronic, or acute-on-chronic. AUR is 
the sudden painful inability to void. In CUR however, voiding is 
usually preserved until acute-on-chronic retention prevails which 
only occurs in a relatively small percentage of these patients. CUR 
is defined by the International Continence Society (ICS) as a non- 
painful bladder, which remains palpable or percussable after the 
patient has passed urine. 

In AUR, the volumes are typically between 500 mL and 1 L, while 
in CUR the retained volumes could be anywhere between 450 mL 
and 4.5 L, or even more. Abrams chose a residual urine volume 
of >300 mL to define CUR as the minimum volume at which the 
bladder becomes palpable suprapubically.4 Caution needs to be 
exercised in the study of CUR, as much of the knowledge comes 
from studies of the management of men with lower urinary tract 
symptoms (LUTS) undergoing medical or surgical treatments and 
these trials typically exclude men with large residual volumes or 
chronic retention.* 


There are several international coding systems that code reten- 
tion. The main two are: 


+ The MeSH—Medical Subject Headings classification; a compre- 
hensive listing for the indexing scientific submissions in the life 
sciences and this records urinary retention as D016055. 


+ The ICD-9 and ICD-10, the ninth and tenth editions of the 
International Classification of Diseases code urinary retention as 
788.2 and R33, respectively. 


Epidemiology 


The epidemiology of urinary retention can be studied from two 
principal sources; 


+ Firstly, the population-based longitudinal studies of untreated 
men—community-dwelling men with or without LUTS; and 


+ Secondly, from studies of men diagnosed with LUTS and entered 
into the placebo arms of randomized controlled trials for the 
treatment of LUTS. 


Most of the epidemiological data in the literature is for AUR; data 
for chronic retention is relatively sparse.*+ Older studies showed 
widely varying incidences of retention from 4 to over 100 per 1,000 
person-years.” More recent and better-controlled studies have 
shown that the incidence rate per 1,000 person-years is more con- 
stant around the world; in the order of 5 to 25/1000 person-years 
or 0.5% to 2.5% per year. In the classic Olmsted County paper by 
Jacobsen and colleagues, it was 6.8/1000 person-years and in the 
famous Medical Therapy of Prostatic Symptoms (MTOPS) study, in 
the placebo arm it was a remarkably similar 2.4% over four years or 
0.6% per year.?!° However, in a review of placebo-controlled trials 
by Emberton and colleagues, it was reported that the rate of AUR 
in placebo-treated men in studies of 12-48 months’ duration was 
0.4-6.6%.!! 

The explanation for these variations is that the risk of retention 
is not the same for all men (Box 5.2.1). It grows with increasing 
age and in men with markers for more significant disease such as 
increased symptoms or larger prostates. 

The Olmsted paper? showed that AUR is relatively rare in 
younger men and in men with mild LUTS (AUA score 7 or less; 
broadly equivalent to the newer International Prostate Symptom 
Score [IPSS]). In this study, the incidence of AUR increased from 
2.6/1,000 person-years among men 40-49 years old to almost four 
times commoner in men 70-79 years old (9.3/1,000 person-years). 
More significant symptoms at baseline were also a significant risk 
factor for greater progression to retention. The rate in men with 
moderate to severe symptoms (AUA score >7) increased from 3.0/ 
1,000 person-years for men 40 to 49 years old to more than 10-fold 


Box 5.2.1 Factors that have been identified as predictors of acute 
urinary retention (and lower urinary tract symptom-related 
surgery) 


Baseline variables 

Age 

+ Severe lower urinary tract symptoms (LUTS) 

+ Bother score 

+ A low peak flow rate 

+ Increased post-void residual urine volume (PVR) 
+ Prostate size 

Serum prostate-specific antigen (PSA) levels 

+ Prior acute urinary retention (AUR) 


+ Inflammation 


Dynamic variables 
Worsening symptoms 
+ Increasing post-void residual volumes in untreated men 


 Non-response to medical treatment (IPSS stable or worsening 
and increasing bother) 


greater at 34.7/1,000 person-years among men 70 to 79 years old. 
This shows that the impact of age and symptom severity together 
has a much greater impact than either risk factor alone. These 
authors also showed that flow rate and prostate volume would also 
predict for AUR risk with men having a maximum urinary flow rate 
<12 mL/s being at four times the risk of AUR compared with men 
with flow rates >12 mL/s, and that men with a prostate >30 mL had 
a 3-fold increase in risk compared with those with smaller pros- 
tates.° While in the important Proscar Long-Term Efficiency and 
Safety Study (PLESS) study, analysis of the placebo arm revealed 
that the predictors of AUR were prostate volume, serum prostate- 
specific antigen (PSA) levels, and symptom severity. !? 

Subsequent analysis by both Emberton and Roehrborn has 
added further understanding to this issue with greater clarity of the 
risk factors for LUTS/benign prostatic hyperplasia (BPH) progres- 
sion and the increasing risk of retention, including PSA >1.4 and 
non-response to medical treatments.!!!3 Marberger in particular 
showed in an analysis of the placebo arms of three finasteride rand- 
omized controlled trials (RCTs) that benign prostatic enlargement 
(BPE) patients with larger prostate volumes and higher PSA levels 
have an increased risk of developing AUR. He suggested therefore 
that they might derive the greatest benefit from the risk reduction 
seen with finasteride therapy.!4 He showed that PSA had an even 
greater predictive value than prostate volume in calculating the risk 
of retention. 

In addition, dynamic variables such as worsening symptoms and 
increasing post-void residual volumes in untreated men serve as 
good predictors of AUR in men with LUTS.!> Also non-response to 
medical treatment (IPSS stable or worsening and increasing bother) 
predicts a greater risk of AUR, or needing prostate surgery.!® 

One retrospective cohort study in the Netherlands of 56,958 
males showed that the incidence rate of AUR overall was very low 
at 2.2/1,000 man-years. However, AUR was the first symptom of 
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LUTS in half (49%) of the 149 AUR cases that occurred. The risk 
of AUR was 11-fold higher in patients newly diagnosed with LUTS 
(RR 11.5; 95% CI: 8.4—-15.6) with an overall incidence rate of 18.3/ 
1,000 man-years (95% CI: 14.5-22.8).!7 

The incidence of retention has changed over time and one study 
using data from the Hospital Episode Statistics (HES) database of 
the Department of Health in England from 1998 and 2003, based 
on the ICD10 coding system analysed data from 165,527 men who 
were identified to have been hospitalized with AUR in the study 
period.!® The incidence of primary AUR was 3.06/1,000 men 
yearly. It was spontaneous in 65.3% of cases. The incidence of AUR 
decreased from 3.17/1,000 men yearly in 1998 to 2.96/1,000 yearly 
in 2003. Surgical treatment following spontaneous AUR decreased 
by 20% from 32% in 1998 to 26% in 2003. This trend coincided 
with a 20% increase in the rate of recurrent acute urinary reten- 
tion.!8 These authors suggested that the slight decrease in the 
incidence of AUR may be due to the increased use of oral drug 
treatments, and the subsequent move away from initial surgi- 
cal treatments for LUTS has not resulted in an increase in AUR. 
However, they suggest that the increase in recurrent AUR indicates 
that the observed decrease in surgery after AUR may have put more 
men at risk for AUR recurrence.!® The 2010 HES for England alone 
recorded 18,000 admissions with AUR. Interestingly, urinary reten- 
tion appears to be significantly more common in the colder winter 
months than the warmer months;!° and in one community-based 
study, men who currently smoke may be at a modestly reduced risk 
of AUR.?° 

Inflammation has also been shown to be an important putative 
risk factor for retention. In a subgroup analysis of the MTOPS 
study, not a single patient who did not have inflammation on their 
baseline biopsies developed AUR in the four years of the study.?! 
Further support for this hypothesis came from an epidemiological 
study in men with rheumatoid arthritis, where a group that needed 
to take daily non-steroidal anti-inflammatory drugs (NSAIDs) 
were compared with a control group who did not. The rate of 
LUTS, poor flow and even the risk of an enlarged prostate were all 
significantly lower in the arthritis group taking regular NSAIDs.” 
The use of NSAIDs therefore may reduce the risk of AUR, although 
properly constructed RCTs are required to test this hypothesis. 

Overall, it was calculated by Roehrborn that a 60-year-old man 
would have a 23% probability of experiencing AUR if he were to 
reach the age of 80.13 Retention is over ten times more common 
in men than in women and AUR is rare in male children and is 
then usually associated with infection, with or without phimosis, or 
occurs postoperatively.?3,24 

More recently, the resistive index of the prostate capsular arter- 
ies measured by colour Doppler transrectal ultrasound has been 
shown to be both a good predictor of retention and to correlate very 
accurately with urodynamic obstruction. This may become a good 
predictor of risk in certain patient subgroups.”>° 

There is, however, the potential for bias when the placebo arms 
of clinical trials are used to characterize the natural history of the 
LUTS disease compared with the outcomes in community-dwelling 
men. One study comparing the Olmsted County data with the pla- 
cebo data from the MTOPS study showed that the rates of AUR and 
those for symptom progression were, perhaps surprisingly, higher 
in the community patients than the placebo-treated patients, while 
the likelihood of any surgical intervention was almost double in 
the clinical trial group.?” In the Olmsted County study, incidence 
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rates per 1,000 person-years were 8.5 (95% CI, 6.4-11.2) for AUR; 
97.1 (95% CI, 88.7-106.0) for symptom progression, 6.6 (95% CI, 
4.8-9.0) for any surgery; and 105.1 (95% CI, 96.4-114.4) for any 
outcomes for all men. For the smaller cohort who would have met 
the MTOPS trial inclusion criteria, incidence rates were higher at 
18.3, 86.5, 16.8, and 109.4, respectively. By comparison, incidence 
rates per 1,000 person-years for the placebo arm of the MTOPS 
study were 6 for AUR, 36 for symptom progression, and 45 for any 
outcome. Extrapolation therefore from one study to another must 
be done with care.?’ 


Aetiology 


Aetiology is the understanding of why things occur—the factors 
that come together to cause the abnormality or illness. It is derived 
from the Greek aittoAoyia, aitiologia. 

Essentially most causes of retention are due to delayed voiding 
from a variety of causes, leading to overdistension of the bladder 
thereby reducing the ability of the bladder to contract normally, 
resulting in retention. Overdistension may lead to detrusor decom- 
pensation if it is prolonged. This was suggested a long time ago and 
is frequently forgotten.”® 


Acute retention 


Acute urinary retention is usually characterized by the sudden, 
painful inability to void; painless AUR is rare and when it occurs 
is often associated with neurological abnormalities. AUR may be 
further subdivided into precipitated or spontaneous retention. +36 
Precipitated AUR follows a triggering event such as anaesthesia, 
surgery, or the use of drugs with a sympathomimetic effect (see 
Box 5.2.2). All other AUR events with no prior triggering event 
should be classified as spontaneous. Spontaneous retention is most 
frequently associated with LUTS and BPE, and is regarded as a sign 
of disease progression. 

Urinary retention has been described with the use of drugs 
with anticholinergic activity (e.g. antipsychotic drugs, antidepres- 
sant agents, and anticholinergic respiratory agents), opioids and 
anaesthetic agents, alpha-adrenoceptor agonists, benzodiazepines, 
NSAIDs, detrusor relaxants, and calcium channel antagonists. 

The differentiation between precipitated and spontaneous reten- 
tion is clinically important because prostate surgery is less com- 
monly needed in patients with precipitated AUR; as they are 
more likely to have a successful trial without catheter (TWOC). 


Box 5.2.2 Factors that can trigger precipitated acute urinary 
retention 


Precipitated acute urinary retention may be triggered by: 
+ Bladder overdistension 

+ Surgery with either general or regional anaesthesia 

+ Excessive fluid intake 

+ Alcohol consumption 

¢ Urinary tract infections 

+ Prostatic inflammation 


+ Use of drugs with sympathomimetic, anticholinergic, or anti- 
histamine effects 


In addition, the likelihood of recurrent AUR is more likely in the 
spontaneous group. 

The exact initiating cause of the retention may be unclear in 
many cases but the following mechanisms have been suggested: 


(i) Increased resistance to flow of urine (obstructive); either mechan- 
ical (e.g. urethral stricture, clot retention) or dynamic obstruction 
(e.g. increased a-adrenergic activity, prostatic inflammation) 


(ii) Bladder overdistension (myogenic); (immobility, constipa- 
tion, drugs inhibiting bladder contractility) 


(iii) Neuropathic causes in the sensory input or the motor output 
of the detrusor muscle (e.g. spinal disease, diabetic cystopathy) 


Postoperative retention 


Although this could be seen as just one of the many causes of AUR 
or sometimes CUR, it merits consideration separately as well. Its 
rate is highly variable.”° It is more common after pelvic surgery; for 
example, anorectal, gynaecological, or urological, as well as after 
perineal and anal surgery, and of course after surgery of the lower 
urinary tract, particularly with traumatic instrumentation. Many 
factors can contribute to this risk, including??!: 


+ major laparotomy especially if the period of anaesthesia is greater 
than 60 minutes; 


+ muscle paralysis and ventilation and cases that were reversed by 
atropine and neostigmine; 


+ opiate analgesia, particularly if used intravenously; 

+ excessive intravenous fluids resulting in bladder distension; 
+ diminished awareness of bladder sensation; 

+ pre-existing increased bladder outlet resistance; 

+ postoperative pain (nociceptive inhibitory reflex); 

¢ prolonged immobilization in the postoperative period. 


Patient age and sex may be less important, other factors being 
equal. Perhaps one of the greatest tragedies is post-partum reten- 
tion. Once again, bladder distension secondary to decreased aware- 
ness of bladder sensation may be more important than local pain 
or anxiety. 


Chronic retention 


The aetiology of chronic retention (CUR) is more complex but can 
usefully be divided into high-pressure chronic retention (HPCR) 
and low-pressure chronic retention (LPCR).2-*4 The terms ‘high 
and ‘low’ refer to the subtracted detrusor pressure, during uro- 
dynamic studies, at the end of micturition (i.e. at the start of the 
next filling phase).*334 Bladder outlet obstruction usually exists in 
HPCR and the voiding detrusor pressure is high, but is associated 
with poor urinary flow rates. The persistently high bladder pressure 
in HPCR during both the storage and voiding phases of micturi- 
tion results in retrograde pressure on the upper tract and leads to 
bilateral hydronephrosis and varying degrees of renal dysfunction. 
However, other patients may have large-volume retention in a very 
compliant floppy bladder with no evidence of hydronephrosis and 
normal renal function, and these are said to have LPCR. Pressure 
flow studies in these men with LPCR reveal poor flow rates, low 
detrusor pressures, and very large residual volumes. The LUTS 
in both types of CUR, however, are usually mild especially in the 


early stages of their condition, until typically the onset of noctur- 
nal enuresis, resulting from the drop in urethral resistance during 
sleep, which is overcome by the maintained high bladder pressure 
causing incontinence—sometimes inappropriately called overflow 
incontinence.*3*4 

Some authors like to break the causes of retention into anatomi- 
cal, myogenic, pharmacological, functional, and psychogenic, but 
in practice the cause is usually multifactorial and therefore this is 
not always of much benefit in real life practice. 

In young male adults in particular, the use of psychoactive sub- 
stances, such as stimulants like MDMA (ecstasy) and amphetamine 
should not be overlooked. The condition of paruresis or shy blad- 
der syndrome, where there is the inability to urinate in the presence 
of others (such as public toilets), should not be forgotten.*>6 


Pathogenesis 


The pathogenesis of a condition or disease is the description of the 
underlying mechanism that causes the disease. It comes from the 
Greek for pathos, ‘disease; and genesis, ‘creation. The evidence base 
for pathogenesis is less robust than that for the aetiology. 


Pathology and pathogenesis 

Five factors have been implicated in pathogenesis: 
(i) Prostatic infarction 

(ii) Prostatic inflammation 

(iii) Increased a-adrenergic activity 

(iv) Decrease in the stromal: epithelial ratio 


(v) Neurotransmitter modulation 


Prostatic infarction 

The finding of prostatic infarction caused by infection, instrumenta- 
tion, and thrombosis, is far more common in prostatectomy speci- 
mens after AUR than in TURP specimens for LUTS alone. This has 
been suggested in many studies as an underlying cause of retention. In 
a study of 100 patients, Spiro and colleagues found evidence for infarc- 
tion in 85% of prostates removed for AUR, compared with only 3% 
in prostates of men having surgery for LUTS alone.*” They suggested 
that the infarction resulted from distortion of the prostatic intrag- 
landular blood supply. Other possible causes would include infec- 
tion stasis, thrombosis, atherosclerosis, and embolization.?338 This 
may develop because of the accumulation of activated lymphocytes 
and up-regulation of pro-inflammatory cytokines resulting in tissue 
destruction and subsequent tissue rebuilding perhaps contributing to 
these prostatic infarcts.?3? A newer hypothesis is that the prostatic 
infarction may also lead to neurogenic disturbance in the prostatic 
urethra, preventing relaxation of the prostatic urethra, leading to a 
rise in urethral pressure and subsequent AUR.” This finding appears 
to be more common in spontaneous than in precipitated AUR. 


Prostatic inflammation 

Much of the pathophysiology of BPH development involves an 
underlying inflammatory disorder with a strong association with 
non-insulin dependant diabetes and metabolic syndrome.*? There 
is a statistically significant association between inflammation and 
both BPH severity and progression to AUR. Kramer and Marberger 
also reported that inflammation was associated with larger pros- 
tates, higher PSA levels, and a greater risk of AUR.*° Truncel and 
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colleagues reported an increased incidence of prostatic inflamma- 
tion in men with AUR compared with men with LUTS.*! More 
recently in another study, chronic inflammation was more com- 
monly found in the prostate from resections for AUR than in those 
specimens from men operated upon for LUTS alone.*? This is fur- 
ther supported by evidence suggesting that prostatic inflammation 
may be a predictor of BPH progression.*?-44 

In a British study of TURP, 374 patients were studied regarding 
the finding of acute or chronic inflammation in the resection speci- 
mens. Seventy per cent (70%) of men undergoing TURP for reten- 
tion against only 45% of men undergoing TURP for LUTS alone 
were found to have inflammation.» Regarding logistic regression, 
the pathological factors associated with TURP for acute retention 
compared to that for LUTS were more powerful for the presence 
of acute or chronic inflammation than for prostate volume, using 
increasing resection weight as a proxy for prostate volume.*° 


Increased a-adrenergic activity 
Some cases of AUR are associated with a rise in the prostatic 
intraurethral pressure through an increase in a-adrenergic stimu- 
lation (e.g. stress, cold weather, sympathomimetic agents used in 
cold remedies, and so on). Prostatic infarction or prostatitis may 
contribute to this process. Bladder overdistension also leads to 
increased sympathetic adrenergic tone.*® 

The overdistension can lead to ischaemic injury of the detru- 
sor muscle. Prolonged bladder overdistension leads to a tempo- 
rary neurogenic detrusor dysfunction, which is associated with 
decreased or absent bladder sensation; therefore patients do not 
complain, and management is delayed. 


A decrease in the stromal: epithelial ratio 


This has been noted in AUR. This may in part explain the effect 
of the agents finasteride and dutasteride, which are known to act 
mainly on the epithelial component of the prostate, thereby increas- 
ing the stromal:epithelial ratio and may explain how they are able to 
reduce the risk of retention. Choong and Emberton suggested that 
it was feasible to bring these three mechanisms together by postu- 
lating that changes in epithelial/stromal growth in BPH may result 
in prostate infarction through changes in the prostatic blood flow. 
This in turn leads to a rise in urethral pressure indirectly increasing 
adrenergic tone resulting in increasing obstruction.” 


Neurotransmitter modulation 

Alterations in the non-adrenergic, noncholinergic transmitters (e.g. 
vasoactive polypeptide (VIP), neuropeptide Y (NPY), substance P) 
has been postulated as another underlying cause. These may act by 
influencing the release of acetylcholine and noradrenalin, and will 
also impact on bladder wall blood flow.4” 

In conclusion, bladder outlet obstruction if present leads to 
hypertrophy of detrusor smooth muscle cells, leading to detrusor 
wall thickening and increase in bladder mass, increased collagen 
synthesis, and deposition. In parallel, the bladder overdistension 
leads to high intravesical pressures that cause detrusor ischae- 
mia, this leads to the release of neurotransmitters like ATP, NO, 
and prostaglandin from the urothelium. The obstruction may 
also lead to partial denervation of the detrusor, supersensitivity of 
muscarinic receptors to acetylcholine,** reorganization of the spi- 
nal micturition reflex, neurotramsmitter imbalance, and changes 
in the electrical properties of detrusor smooth muscle cells. 
Consequently, this leads to deterioration of bladder contractility 
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and reduced compliance. This multiplicity of factors will decide 
whether changes are reversible or irreversible.4°49->! 


Presentation, initial assessment, 
and investigation 


Acute retention 


The most common presentation is a patient with lower abdominal 
pain, an inability to pass urine (or passing only very small amounts 
of urine), and a palpable mass arising from the pelvis, which is dull 
to percussion. Although it is usually stated that patients with AUR 
did not have previous LUTS, it is more likely that many of these 
patients had not recognized or complained of these symptoms 
before. That is, they may have either not recognized their signifi- 
cance or assumed them to be an inevitable consequence of ageing. 
Examination should include a digital rectal examination noting the 
size and texture of prostate, anal tone, and the presence or absence 
of constipation. Although AUR is primarily a clinical diagnosis, a 
bladder volume scan (if available) will further confirm the diagnosis 
before catheterization. The volume drained is usually less than 1 L. 
If the volume drained is 1 L or more, this can be used as a distinc- 
tion between acute and acute-on-chronic retention, particularly if 
associated with less pain (a finding that is more typical of CUR.4 


Chronic retention 


CUR occurs when patients retain a substantial amount of urine in 
the bladder after each void. As already stated, a defined volume for 
CUR is difficult and the finding of persistent residual volumes of 
>300 mL (some authors suggest >500 mL) after voiding is often 
used as evidence of chronic retention; some patients however may 
present with many litres in their bladders. Patients may be asymp- 
tomatic or describe low volume micturition, increased frequency, 
or difficulty initiating and maintaining micturition. Other features 
of CUR include nocturnal incontinence, a palpable but painless 
bladder, and signs of chronic renal failure. LUTS are less common 
and generally less bothersome. 


Assessment 


In both types of retention, urinalysis should always be performed 
and a catheter specimen of urine sent if there are signs of infec- 
tion: urinary infection should be treated. Urea, creatinine and 
electrolytes, and an eGFR should be checked; this is especially 
important in (high pressure) CUR. Renal ultrasound is indicated 
in patients with high-volume retention and in patients with abnor- 
mal renal function. Prostate-specific antigen testing is best avoided 
during the acute episode, since retention and any instrumentation 
of the prostate leads to a spurious rise in PSA.°%? 

Bladder volume per se will not separate LPCR from the more ser- 
ious HPCR. In the author's unit within the last three months, two 
contrasting men with chronic retention were admitted. One had 1.3 
L in the bladder, a creatinine of over 900 and bilateral hydronephro- 
sis; and another patient a few days later with 6.5 L in the bladder and 
a normal creatinine, and only the slightest degree of hydronephrosis. 


Differential diagnosis 

This is not usually difficult, but diverticulitis or a diverticular 
abscess, perforated or ischaemic bowel, or an abdominal aortic 
aneurysm are all recognized as potentially more serious condi- 
tions that can be referred into hospital as ‘acute retention. Urinary 


retention may also occur secondary to any of the above conditions; 
it is therefore important for the patient to be re-examined soon 
after catheterization to confirm that the symptoms and signs have 
resolved. In addition, any patient with an abdominal mass should 
be considered for catheterization to exclude a distended bladder 
prior to further examination or investigation. Occasionally, an 
obese patient with renal failure may be mistaken for a case of AUR. 


Management 


Acute retention 


The treatment of acute retention is urgent catheterization. This may 
be urethral or suprapubic catheterization, and this decision is usu- 
ally based on a combination of factors. Whether patients are cath- 
eterized at home by a GP or district/practice nurse, in an accident 
and emergency department, or in a surgical/urology ward depends 
mainly on local circumstances, as does the decision to admit or 
send the patient home after catheterization. If patients are kept 
in hospital awaiting definitive treatment, this results in an overall 
longer total hospital stay.° 

The initial urine volume, typically drained in the first 10-15 
minutes following catheterization, must be accurately recorded 
in the patient’s notes, to enable a distinction between acute and 


Acute retention 
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or LTC 


Fig. 5.2.1 Acute retention. 


acute-on-chronic retention to be made. This has important clinical 
implications (Fig. 5.2.1). 


Chronic retention 


The management of CUR is more complex. Catheterization is less 
urgent as the condition is generally less painful or painless. Early 
catheterization is indicated if there is renal dysfunction or upper 
tract dilatation; both signs of HPCR. These patients with HPCR 
must be monitored for a postobstructive diuresis. They may pass 
many litres of urine in the first few days following catheterization 
(Fig. 5.2.2). The diuresis is due to: 


+ off-loading of retained salt and water (retained in the weeks prior 
to the episode of retention); 


+ loss of the corticomedullary concentration gradient. This 
is caused by reduced urinary flow through the chronically 
obstructed kidney; 


+ osmotic diuresis caused by the high urea level. 
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In about 10% of cases, the diuresis is excessive and could require 
careful fluid balance and replacement. Daily weighing can be an 
accurate way of monitoring fluid output. After the first 24 hours, 
fluid replacement should not religiously follow the output, which 
would simply perpetuate the diuresis. Potassium levels, which are 
often high, should be monitored and will usually (but not always) 
fall with the diuresis. Catheterization is often followed by haema- 
turia; this is caused by renal tract decompression and not usually by 
the catheter itself. 

If patients present with chronic retention electively through the 
outpatient department, the indications for catheterization before 
TURP in cases of CUR are again renal impairment and water and 
salt retention; otherwise it is best to avoid catheterization to avoid 
infection and bladder shrinkage before TURP, but the patients 
should be listed for early surgery once their renal function is stable. 
Many patients with LPCR do poorly after TURP, frequently failing to 
void completely after surgery, even after prolonged periods of cath- 
eterization; this is primarily due to detrusor decompensation.32+°9 
Intermittent self-catheterization should be considered in this group. 


Chronic retention 
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Fig. 5.2.2 Chronic retention. 
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What should be the speed of bladder emptying? 


Rapid emptying of an extended bladder in urinary retention is 
often considered dangerous because of the risk of haematuria or 
circulatory collapse. Therefore, many papers and textbooks advise 
the use of gradual drainage of the bladder. A recent German RCT 
of rapid or gradual emptying of 260 men has been performed to 
address this issue.°° Haematuria occurred in similar numbers in 
each group (11%), only half of whom required further treatment 
for this reason. There were no cases of circulatory collapse in this 
study. Reduction in blood pressure and pulse rate were not clini- 
cally significant in either group. In conclusion, the practice of slow 
decompression is unnecessary and haematuria usually settles after 
48-72 hours.*° 


A trial without catheter 
The increased morbidity and mortality associated with emergency 
surgery, particularly when performed shortly after AUR, and the 
potential morbidity associated with prolonged catheterization (bac- 
teriuria, fever, urosepsis) has led to an increasing use of a TWOC. 
It is now considered a standard of care in most countries around 
the world and is utilized in most patients with acute retention, and 
in a significant number of patients with LPCR.655 The catheter is 
usually removed after one to three days, allowing the patient to 
successfully void in approximately half of cases. This enables these 
patients to go home without the morbidities associated with an in 
situ catheter. In addition, this allows surgery to be delayed to an 
elective setting if significant symptoms persist or may prevent the 
need for surgery in some!?7, 

Factors leading to a higher probability of successful TWOC 
include)’; 


+ Lower age (<65 years) 


+ Urinary tract infections (UTI) with no previous obstructive 
(voiding) symptoms 


+ Identified precipitating cause (gross constipation, recently started 
anticholinergic or sympathomimetic drugs) 


+ Post-void residual (PVR) <1,000 mL 
+ Prolonged catheterization 
+ Intravesical prostatic protrusion (IPP) <5 mm 


The duration of catheterization before TWOC may alter the 
chance of a successful trial of catheter removal. In one study, 44% 
of patients had a successful TWOC after a single day of catheteri- 
zation, 51% after two days, and 62% after seven days.? Patients 
most likely to benefit from prolonged catheterization were those 
with a greater PVR. However, catheterization >3 days signifi- 
cantly increases the risk of co-morbidities and prolonged hospi- 
talization. Sending the patient home early to return seven days 
later to a dedicated TWOC clinic is probably the best approach, 
although many units will give patients a single attempt at TWOC 
after 24-48 hours and then adopt this delayed approach as a sec- 
ond option. 

Conversely, factors leading to a high probability of unsuccessful 
TWOC include: 


+ patients >75 years of age 
+ drained volume >1 L 


+ previous LUTS 


+ voiding detrusor contraction 


<35 cmH,O1}522 


(on urodynamics) of 


+ intravesical prostatic protrusion >10 mm 


However, even if an initial TWOC is successful, half of these men 
will experience recurrent AUR over the next year and a third will 
require surgery within the following six months. Patients with 
PVR>500 mL, no precipitating factor for AUR, and maximum flow 
rate <5 mL/s were at increased risk of further retention.’ In the 
ALFAUR study, most of the patients requiring surgery after a suc- 
cessful TWOC were due to recurrent AUR.*? This emphasizes the 
importance of follow-up in patients with risk factors for recurrent 
AUR, despite initial successful TWOC.197 

In one study of AUR, intravesical prostatic protrusion predicted 
for failure of TWOC, with the likelihood of failure being greater 
for an IPP >10 mm. Also in the Olmsted County study, IPP cor- 
related significantly with greater prostate volume, lower peak flows, 
and higher obstructive symptoms, thereby suggesting that it may 
have clinical usefulness in predicting the need for treatment.®! In 
another study of IPP in 100 men with AUR, only 33% of men with 
an IPP greater than 10 mm had a successful TWOC, while 64% 
of men with IPP from 1 to 5 mm had a successful one,® and in 
a recent presentation at the ICS meeting in Beijing, a 10-fold dif- 
ference in the rate of AUR (20% vs. 2%) with an IPP either side of 
10 mm was reported.® 


Should patients with high-pressure chronic retention 

undergo trial without catheter? 

If there is evidence of renal failure, which settles with catheteriza- 
tion, the patient should not undergo a TWOC before a definitive 
procedure has been considered. Even though they might void again 
after TWOC, the risk of ongoing renal dysfunction is too great and 
definitive treatment is required. 


The use of alpha blockers before trial without catheter 

The use of an alpha blocker, taking typically two or more doses 
before TWOC, increases the likelihood of a successful outcome. In 
a study of 360 men with a first episode of spontaneous AUR ran- 
domly assigned to receive 10 mg alfuzosin or placebo, successful 
TWOC was recorded in 61.9% of the 236 patients treated with alfu- 
zosin vs. 47.9% of the 121 receiving placebo (p = 0.012).°? Elderly 
patients (65 years or older) and patients with a drained volume of 
1,000 mL or greater had significantly greater chances of TWOC 
failure. Even in the presence of these two factors, 10 mg alfuzosin 
once daily almost doubled the likelihood of successful TWOC (OR 
1.98, 95% CI 1,226 to 3,217). 

In the second phase of the study, all patients with successful 
TWOC were randomized to alfuzosin or placebo for six months.*4 
The need for BPH surgery (primary end point) was assessed after 
one, three, and six months of treatment. In this phase, 14 (17.1%) 
of the 82 alfuzosin-treated patients versus 20 (24.1%) of the 83 pla- 
cebo-treated patients required BPH surgery, 5 (36%) of 14 versus 13 
(65%) of 20 within one month, and 8 (57%) of 14 versus 17 (85%) of 
20 within three months of treatment. Higher PSA values and larger 
post-T WOC residual urine volumes significantly increased the risk 
of AUR relapse and subsequent outflow surgery. 

Similar work by Lucas and colleagues with tamsulosin confirmed 
these findings.©> They showed that 48% of their patients taking 
tamsulosin versus 26% of men taking placebo did not require 
recatheterization (p = 0.011; odds ratio 2.47). 


Five randomized clinical trials of alpha blockers before TWOC 
were reviewed in a Cochrane systematic review in 2009.66 Four tri- 
als used alfuzosin and one tamsulosin. In four, the alpha blocker 
was used for 24-72 hours before TWOC and in one study for eight 
days. Overall rates of successful TWOC favoured alpha blockers 
over placebo (RR 1.39, 95% CI 1.18-1.64) irrespective of the alpha 
blocker used (alfuzosin: RR 1.31, 95% CI 1.10-1.56; tamsulosin: RR 
1.86, 95% CI 1.17-2.97).°° In real life practice, the Reten-World 
survey revealed that 82% of patients received an a1-blocker before 
catheter removal; TWOC success was greater in those receiving a- 
blockers, regardless of age.°” 

This policy allows more patients to return home without a cath- 
eter in situ, thereby perhaps reducing the subsequent periopera- 
tive complications of prostate surgery. This should contribute to 
decrease the morbidity and mortality associated with emergency 
surgery and avoids the discomfort and potential morbidity associ- 
ated with an in situ catheter. 


Increased mortality in retention patients 

Mortality is increased after retention. The rate within the year fol- 
lowing an AUR episode is significantly higher than in the gen- 
eral population, especially in younger patients. Mortality in men 
admitted to hospital with AUR is strongly correlated with age and 
co-morbidity. Men with AUR have a high risk of developing com- 
plications and a greater risk of death after prostatectomy than men 
having surgery for LUTS alone. In a study of one hundred thou- 
sand men who presented with spontaneous AUR,® Armitage and 
colleagues reported that the one-year mortality was 4.1% in men 
aged 45-54 and 32.8% in those aged 85 and over. In another 75,979 
men with precipitated AUR, mortality was higher at 9.5% and 
45.4%, respectively. One-year mortality was considerably higher 
in those patients (aged 75-84) with co-morbidities. Meanwhile, 
in men with spontaneous AUR it was 12.5% in men without co- 
morbidity and 28.8% in men with co-morbidity and 18.1% and 
40.5%, respectively, in those with precipitated retention. Compared 
with the general population however, the highest relative increase 
in mortality was in men aged 45-54 (standardized mortality ratio 
10.0 for spontaneous and 23.6 for precipitated acute urinary reten- 
tion) and the lowest for men aged 85 years and over (1.7 and 2.4, 
respectively). The mortality was higher in patients with precipitated 
rather than spontaneous retention, perhaps because precipitated 
retention occurs after a triggering event that is unrelated to the 
prostate, and therefore a further indication of co-morbidity. It was 
suggested therefore that patients would benefit from a multidisci- 
plinary approach to identify and treat co-morbid conditions before 
surgery. The current main morbidities include diabetes, hyperten- 
sion, cardiovascular disease, and metabolic syndrome. 

It was also shown by the UK National Prostatectomy Audit that 
immediate surgery after AUR was associated with a greater peri- 
operative morbidity and death rate after surgery at 30 days (RR 
26.6) and 90 days (RR 4.4) when compared with elective prostatec- 
tomy for symptoms alone.6” In a more recent study of over 400 men 
in Taiwan, the rates of recatheterization, septicaemia, and shock 
were highly significantly more common in the TURP after AUR 
group, than in those having TURP for symptoms alone. The AUR 
group also had more UTIs. 


Hospitalize versus send home 


The decision regarding whether to admit patients to hospital 
or send them home from accident and emergency or a surgical 
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assessment unit is based more on local resources and preferences 
than any evidence-based protocol. A UK survey found that most 
urologists (65.5%) preferred to admit their patients, with only 1 
in 5 urologists admitting only in the presence of abnormal renal 
function.” Admission is essential if the patient is: unwell with 
urosepsis; has abnormal renal function needing investigation and 
fluid monitoring; has acute neurological problems; or cannot take 
care of the catheter.” A recent publication from China showed that 
the establishment of an ambulatory care programme for patients 
presenting to their emergency department with AUR reduced the 
hospital admission rate and reduced cost without jeopardizing the 
TWOC success rate and patient safety.”! 


Urethral versus suprapubic catheterization 

Apart from specific indications, such as after urethral trauma and 
for long-term catheterization for bladder dysfunction, suprapubic 
catheterization (SPC) has perceived advantages for the manage- 
ment of retention. The principal advantages of SPC are reduction 
in UTIs, less stricture formation, and the fact that it permits TWOC 
without catheter removal.’?-”4 Patients therefore frequently express 
a preference for SPC because of its increased comfort, and the abil- 
ity to maintain active sexual function is important to some patients. 
As a significant number of patients will fail their TWOC, patients 
will often have to undergo repeat catheterization with all the conse- 
quent discomfort. Many studies have shown the benefits of SPC in 
AUR. It could therefore be regarded as the preferred route of cath- 
eterization. However, the suprapubic approach is often overlooked 
when deciding on the mode of catheterization. In the Reten-World 
survey, it was reported that a majority of urologists performed ure- 
thral catheterization (>80%) with suprapubic catheters inserted for 
urethral catheter failures.°” This survey also reported similar com- 
plication rates for both types of catheter. Surprisingly, there was no 
difference in asymptomatic bacteriuria, lower urinary tract infec- 
tion, or urosepsis between the two catheter types. This may have 
been due to the fact that this was not an RCT, but rather a study of 
real life practice, and the indications for the type of catheterization 
were not standardized. Urethral catheters however were associ- 
ated with an increased incidence of urinary leakage. Disadvantages 
associated with SPC insertion are that it is a more complex proce- 
dure, which not all health professionals are adequately skilled to 
perform. Serious complications, such as bowel perforation, pos- 
terior bladder wall injury, and peritonitis have been reported.”*7° 
SPC safety will have reduced with the introduction of the safer 
Seldinger technique SPC catheter, which replaces the traditional 
blind insertion of the trocar and cannula with SPC insertion over 
a guidewire.”°-”” Wherever possible this should be performed 
under ultrasound guidance,’>78 as per the recommended advice 
of the British Association of Urological Surgeons’ (BAUS) guide- 
line.”8 This technique has been shown in a small study to be associ- 
ated with increased patient satisfaction and clinician confidence.” 
This, together with the use of simulation and models, should in 
the future support the training of junior doctors, thereby allowing 
the use of SPC insertion in the emergency setting to become more 
widespread.” 


The role of clean intermittent self-catheterization 

Clean intermittent self-catheterization (CISC) is a viable alternative 
to an indwelling catheter. It is a safe, simple, and generally well- 
accepted technique by patients that results in fewer infections than 
indwelling urethral catheterization. Without any external devices, 
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maintenance of sexual activity is possible. It may also increase the 
rate of subsequent successful spontaneous voiding. CISC can be 
used either instead of an indwelling catheter after an episode of 
AUR or CUR, or in patients who fail to void following a prosta- 
tectomy. This is can be particularly valuable in patients with neu- 
rological bladder dysfunction. A period of CISC prior to TURP 
may be useful in patients with low-pressure CUR, as it may allow 
recovery of bladder contractility. A retrospective analysis of over 
500 patients showed that in-out catheterization for the treatment 
of AUR was as effective as indwelling catheterization and was likely 
to be particularly successful for younger men and those with lower 
residual volumes.®? 

In a randomized study of men with CUR and preoperative uro- 
dynamics before TURP, a low detrusor voiding pressure was associ- 
ated with a poor TURP outcome.*! Preoperative CISC rather than 
indwelling urethral catheterization was associated with a signifi- 
cant improvement in voiding and end-filling pressures, indicating 
some recovery of bladder function. The authors concluded that a 
preliminary period of CISC before TURP for men with CUR and 
low voiding pressure might be valuable.*! 


Prevention of acute urinary retention 


If one considers the pain and discomfort from AUR, the consid- 
erable healthcare costs involved, and the increased mortality from 
both presentation with retention and the increased risk from pros- 
tatic surgery, then the case for primary prevention of AUR should 
be clear. The benefits however are only accrued by the at-risk group. 
The risk factors for AUR have already been listed in the epidemi- 
ology section (Box 5.2.1). The more of these risk factors that are 
present the greater the benefit, and the more cost-effective the 
treatment.8283 


The 5-alpha reductase inhibitors 


The PLESS, MTOPS, and the CombAT studies were designed to 
look at the risk reduction of AUR with 5-alpha reductase inhibi- 
tor (5-ARI) medical therapy. 11284 The first two studied finasteride 
and the third dutasteride. 

The PLESS was a four-year study of finasteride versus placebo 
in over 3,000 men.!* The overall risk of AUR was 6.6% on pla- 
cebo and 2.8% on finasteride—a risk reduction of 57%. The risk 
reduction for both spontaneous and precipitated AUR from fin- 
asteride treatment varied by both serum PSA and prostate vol- 
ume at baseline. Stratified by PSA tertiles, the reduction ranges 
from 7% to 77% for spontaneous and from 35% to 66% for both 
types of AUR, compared with the placebo-treated patients.®° 

The MTOPS study evaluated doxazosin, finasteride, and com- 
bination therapy in 3,047 men followed for a mean of 4.5 years.!° 
Combination therapy decreased the risk for AUR by 81% versus pla- 
cebo (p <0.001), and the risk reduction with finasteride alone was 68% 
(p <0.001). Doxazosin monotherapy did not significantly decrease the 
risk for AUR versus placebo (34% risk reduction, p = NS). 

Similar results were seen with the 5-ARI, dutasteride.*®° In three 
phase 3 two-year RCTs including 4,325 men, AUR was reported 
in 4.2% patients receiving placebo, versus 1.8% patients receiving 
dutasteride; a relative risk reduction of 57% (hazard ratio: 0.43; 95% 
CI 0.29-0.62; p <0.001).86 

In the CombAT study, in which there was no placebo arm, 
AUR were seen less frequently with dutasteride compared with 


tamsulosin.*4 The cumulative incidence of AUR at four years was 
2.7% (44 events in 1,623 patients) with dutasteride versus 6.8% 
(109 events in 1,611 patients) with tamsulosin treatment. Also, in 
the four-year REduction by DUtasteride of prostate Cancer Events 
(REDUCE) trial, the incidence of acute urinary retention or BPH- 
related surgery was significantly less in the dutasteride group 
(2.5%) than in the placebo group (9%) overall (p <0.001), and in 
each baseline prostate volume quintile (p <0.01).87 

Assessments of the relative efficacy of these 5-ARIs in non- 
randomized studies have suggested that dutasteride-treated 
patients may be less likely to develop AUR than finasteride-treated 
patients.8®8? In a retrospective review of data from a large, national 
healthcare database, the rate of AUR was substantially lower in 
1992 BPH patients aged 250 years treated with dutasteride versus 
finasteride for 5-12 months (19 [5.3%] vs. 135 [8.3%], respectively; 
p =0.0207)88, while in a retrospective analysis of medical and phar- 
macy claims data from 5,090 men aged 265 years with enlarged 
prostate, AUR was reported in 305 (12.0%) and 374 (14.7%) men 
on dutasteride and finasteride, respectively (odds ratio: 0.79; 
p = 0.0042)8°. In an American study, Medicare medical claims data 
were analysed to determine comparative differences on rates of 
AUR and prostate-related surgeries among patients over 65 years 
treated with either dutasteride or finasteride. Patients treated with 
dutasteride were significantly less likely to experience AUR and 
prostate-related surgery than finasteride patients. The monthly 
expenditure over one year covering drug costs, hospital visits, and 
periods of care in hospital were analysed, and they concluded that 
the dutasteride-treated patients overall incurred lower costs per 
month than the finasteride patients, despite the higher drug costs. 


The alpha blockers 


It is likely that the alpha blockers delay the time to retention with- 
out statistically reducing the overall risk. The effects of alfuzosin 
on AUR appear to be inconsistent. In one six-month study, alfu- 
zosin appeared to significantly reduce the risk of AUR, while in 
another study there was no reduction in risk.?!°? In the MTOPS 
study, doxazosin did not significantly reduce the incidence of 
AUR over four years versus placebo (9 [1%] vs. 18 [2%] events). 
However, doxazosin did delay the time to occurrence of AUR epi- 
sodes.!° The effect of tamsulosin on AUR has not been investigated 
in a placebo-controlled study; however, results from the four-year 
CombAT study showed reduced rates of AUR with tamsulosin in 
combination with dutasteride (2.2%) compared with tamsulosin 
monotherapy (6.8%) or dutasteride monotherapy (2.7%).°4 

Caution should always be advised against making direct com- 
parisons of AUR incidence across different trials, because of dif- 
ferences in study design, inclusion and exclusion criteria, baseline 
characteristics such as prostate volume and PSA, discontinuation 
rates, and follow-up after discontinuation.®> 


Conclusions 


Urinary retention continues to be a significant burden for both the 
patient and healthcare services in the United Kingdom and around 
the world. The management of this condition should begin with 
recognizing and then modifying risk factors for developing AUR. 
5-ARI treatment is effective in reducing the risk of retention but 
the difference between relative and absolute risk should always be 
borne in mind and only those men with significant risk offered 


preventive therapy. In men at considerable risk of retention, elective 
surgical intervention should be considered. Urethral catheteriza- 
tion followed by a TWOC has become a standard of care world- 
wide and the use of alpha blockade prior to TWOC significantly 
increases the chances of successful TWOC. 

Delay of surgery to treat associated co-morbidities is worthwhile 
in certain patients to reduce the risk of perioperative morbidity and 
mortality, as well as allowing the bladder to recover its contractil- 
ity in those with prolonged overdistension. Ongoing research is 
needed, especially into the underlying mechanisms of retention— 
namely the specific inflammatory pathways to reduce the risk, and 
perhaps even develop new treatments, for retention. 


Further reading 


Scorer C. The suprapubic catheter. A method of treating urinary retention. 


Lancet 1953; 265:1222-5. 
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CHAPTER 5.3 


Benign prostatic hyperplasia 
Nikesh Thiruchelvam 


Introduction to benign prostatic 
hyperplasia 

Male lower urinary tract symptoms (LUTS) are very common and 
with an ageing population, are likely to increase. Previously it was 
thought that LUTS were due solely to the mass effect of an enlarged 
prostate which had grown due to benign prostatic hyperplasia 
(BPH) (see Fig. 5.3.1). It is now clear that male LUTS aetiology is 
complex and may be related to benign growth of the prostate, as well 
as a result of age-related bladder dysfunction, malignant prostatic 
disease, urethral disease, and medical conditions such as polyuria 
and sleep disorders (see Fig. 5.3.2). It is important that the reader 
is aware of this while reading this chapter, which focuses on benign 
prostatic hyperplasia of the prostate. LUTS are now typically cat- 
egorized into storage symptoms (frequency and urgency), void- 
ing symptoms (poor flow, hesitancy, straining), and post-voiding 
symptoms (post-micturition dribbling). BPH is typically associated 
with and results in bladder outflow obstruction (BOO) and void- 
ing symptoms. Terminology has also confused the issue. In simple 
terms, LUTS (previously called prostatism) may result from BOO 
due to benign prostatic obstruction (BPO), usually from benign 
prostatic enlargement (BPE), which is usually due to histological 
BPH. This chapter describes the basic science of BPH, the natural 
history of BPH, its complications and assessment, and medical and 
surgical therapy of BPH. 
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Basic science of benign prostatic 
hyperplasia 
Prostate biology 


The prostate is composed of epithelial components and stromal 
components with a glue-like matrix (connective tissue) binding 
these cells together (see Table 5.3.1).! 

It is the stromal compartment that responds to cholinergic 
stimulation, with demonstrated selectivity for alA adrenocep- 
tor.2 Growth and maintenance of the prostate is affected by 
hormones and growth factors. Key to this is testosterone (pri- 
marily from Leydig cells of the testis) which is converted to the 
more potent dihydrotestosterone (DHT) within the prostate 
by 5a-reductase enzymes (type 1 and the more clinically rele- 
vant type 2°); DHT exerts its action by binding to the androgen 
receptor within stromal, epithelial, and matrix compartments. In 
addition, prostatic growth and function, and later, benign and 
malignant prostatic disease development, is also mediated by a 
complex interaction between the stroma and epithelial compo- 
nents of the prostate. This occurs by direct cell-cell interactions 
and also by hormones and growth factors (e.g. fibroblast growth 
factors, epidermal growth factors) acting in paracrine, autocrine, 
and intracrine ways. 

BPH is a histological diagnosis and is characterized by an 
increased number (and not size) of epithelial cells and stromal 
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Fig. 5.3.1 Benign prostatic hyperplasia (BPH), bladder outlet obstruction (BOO), and the bladder. 
Reproduced from Springer, Urodynamics, Third Edition, 2006, Chapter 5 ‘Urodynamics in Clinical Practice’ Paul Abrams, Figure 5.4, Copyright © Springer-Verlag London 2007, with kind permission 


from Springer Science and Business Media. 
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Fig. 5.3.2 Multifactorial aetiology of lower urinary tract symptoms (LUTS). 


Reproduced with permission of European Association of Urology (EAU) Guidelines Office, M. Oelke (chairman), A. Bachmann, A. Descazeaud et al, Guidelines on the Management of Male Lower 


Urinary Tract Symptoms (LUTS), incl. Benign Prostatic Obstruction (BPO), Copyright © European Association of Urology 2012. 


cells within the periurethral area of the prostate. The cause of this 
hyperplasia is unclear but is likely a result of increased cellular pro- 
liferation and/or reduced cell death. These cellular processes are 
mediated by several factors. 

Androgens play a role in normal prostatic development as 
described above, but the role of testosterone and DHT in BPH is 
not clear. Type 2 5a-reductase is important in BPH development, 
primarily within stromal cells; and as such, DHT works on stromal 
cells in an autocrine fashion and on epithelial cells in a paracrine 
fashion to activate the androgen receptor. 


Table 5.3.1 Cellular components of the prostate 


Epithelial cells (90%) Stromal cells (10%) Tissue matrix 


Basal epithelial stem cells = Smooth muscle cells Extracellular matrix 


Intermediate cells Fibroblasts Collagen 


Neuroendocrine cells Endothelial cells Elastin 


Columnar luminal 
secretory cells 


Glycosaminoglycans 
Cytomatrix 

Nuclear matrix 

Source: data from De Marzo AM et al, ‘Stem cell features of benign and malignant prostate 


epithelial cells, The Journal of Urology, Volume 160, Issue 6, Part 2, pp. 2381-92, Copyright © 
1998 American Urological Association, Inc. Published by Elsevier Inc. All rights reserved. 


Oestrogens possibly play a role in sensitizing prostate to andro- 
gens by activating oestrogen receptors within prostatic stromal and 
epithelial cells.” 

Growth factors are likely to play a part in proliferation (via pro- 
moters such as fibroblast growth factors, vascular endothelial 
growth factor, and insulin-like growth factor, and inhibitors such 
as transforming growth factor-B).° 

Inflammation and autoimmunity inflammatory mediators, and 
associated signalling pathways have been indentified in BPH and 
could play an aetiological role.” 

Family history is an inheritable component to BPH, as shown by 
a higher percentage of first-degree male relatives needing bladder 
outlet surgery,® although a gene for BPH has not been identified. 


Pathophysiology and zonal anatomy of the prostate 


BPH nodules first develop in the transition zone of the prostate, 
which sit around the urethra? with further development of BPH 
within the more proximal periurethral zone. Subsequent growth of 
these areas (within a constraining outer prostatic capsule) result in 
compression of the prostatic urethra and contribute to male LUTS. 
Initially, transition zone nodules consist of proliferation of glandu- 
lar tissue with a relative reduction in stroma. Over time, there is a 
slow growth of these nodules and then a later increase in large nod- 
ules, with glandular nodules increasing preferentially over stromal 
nodules. BPH is also characterized by an increase in the volume of 
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Fig. 5.3.3 Zonal anatomy of the prostate. 
Reprinted by permission from Macmillan Publishers Ltd: International Journal of Impotence Research, 
Copyright © 2008, Rights Managed by Nature Publishing Group. 


prostatic smooth muscle!? with adrenergic stimulation, resulting in 
an increase in prostatic urethral resistance, primarily acting via the 
alA adrenoceptor.” Further regulation of prostatic smooth muscle 
occurs via the kallikrein-kinin!! and cAMP pathways,!? the latter 
pathway being phosphodiesterase-dependent (see Fig. 5.3.3). 


Epidemiology of male lower urinary 
tract symptoms 


Epidemiology and natural history of lower urinary 
tract symptoms 


Autopsy studies!’ have shown that BPH develops from the age of 30 
and slowly increases with age to a peak of almost 90% of men aged 
over 80. Also seen was an increase in prostate size from approxi- 
mately 25 mL in men aged thirty, to 35 mL in men in their seven- 
ties. Prevalence and progression of LUTS and BPH has also been 
studied in depth by population studies (EpiLUTS"4), longitudinal 
community-based studies (Olmsted County Study!> and Health 
Professionals Follow-Up Study!®) and by examining the placebo 
arms of therapeutic studies (Proscar Long-Term Efficacy and 
Safety Study PLESS,!” The Medical Therapy of Prostate Symptoms 
MTOPS,!8 and The Alfuzosin 10 mg Once Daily Long-term Efficacy 
and Safety Study ATLESS!’). It is important to note that these stud- 
ies infer BPH from obstructive LUTS (i.e. from symptoms). 
EpiLUTS found that obstructive urinary symptoms (suggest- 
ive of BPH) were highly prevalent in all men (aged over 40) with 
almost a half of men complaining of terminal dribbling, a quarter 
of men suffering from a weak stream, and a fifth of men having 
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hesitancy. A high prevalence of voiding LUTS in a quarter of all 
men was also found in a further population study (EPIC?®). Similar 
rates were also found in the Boston Area Community Health 
(BACH) population study.?! The Olmsted County Study found that 
a quarter of men aged 40-49 had moderate to severe LUTS, which 
had increased to almost a half of men aged 70-79; a corresponding 
fall in flow rate was also observed, from 21 mL/s to 14 mLs/s in the 
same age groups. 

Examining progression of symptoms and risk of acute urinary 
retention (AUR) has confirmed growth of the prostate over time. 
The Health Professional Follow-up Study found that the risk of AUR 
although low, increased over time (0.2% in 40-49 year olds to 3% 
in men aged >80). Similar progression of AUR risk was observed in 
the Olmsted County study with the rate increasing from 1% of men 
50-59 years old to 9% of men aged over 70. Interestingly the PLESS 
study found that in men with moderate to severe LUTS, taking pla- 
cebo did alter the flow rate or risk of AUR over four years. However, 
MTOPS showed that in the placebo group, the risk of AUR was 2% 
per year over four years in a group of men with moderate to severe 
symptoms and also showed a corresponding 24% increase in pros- 
tate size over five years. Similarly, ATLESS showed that in moderate 
and severely affected men with LUTS taking placebo, 2% per year 
developed AUR over two years. More recently, significant increases 
in PSA” and prostate volume (by approximately 2% per year)??? 
have been observed in the same group of men over a 14-15-year 
period. 

Risk factors for the development of BPH are poorly understood. 
EpiLUTS found that obstructive urinary symptoms were more often 
found in those that also suffered from arthritis, asthma, anxiety, 


depression, diabetes, heart disease, hypertension, and sleep apnoea.*4 
A similar link of LUTS and heart disease, hypertension, diabetes, and 
depression was also found in the BACH population study.’ An asso- 
ciation has also been discovered between conditions related with the 
metabolic syndrome (diabetes, hypertension, and obesity) and the 
development of BPH, as defined by prostate volume.”® Given that all 
these conditions increase with age, it is very difficult to prove a causal 
link to BPH. 

Despite anatomical associations and increasing prevalence with 
age, BPH does not lead to prostate cancer. Although a quarter of 
prostate cancers arise in the transition zone, the majority of cancers 
arise in the peripheral zone, whereas BPH arises in the periurethral 
tissue. In an unscreened population, the chance of detecting prostate 
cancer during BPH surgery is low, at around 3%.?7 


The obstructed bladder 


Inference from animal studies, LUTS, and urodynamic changes 
suggest that the bladder’s response to obstruction is variable and 
not necessarily predictable. 


+ Initial response to obstruction is smooth muscle hypertrophy. 


¢ This is followed by smooth muscle dysfunction from a change 
in contractile protein expression, impaired mitochondrial func- 
tion and calcium signalling, ischaemia, and increased collagen 
deposition.”® 


+ This is observed clinically; urinary symptoms can continue after 
surgical deobstruction because of detrusor overactivity or failure.?? 


+ The above bladder pathology may also occur to some extent due 
to the normal ageing processes. 


Complications of benign prostatic hyperplasia 


The following points may refer to complications of BOO, as well as 
due to BPH. As above, mechanisms and aetiology remain unknown. 


Bladder stones. Autopsy studies show that bladder stones are more 
common in men with BPH than in controls.*? However, only 1 in 
276 men on surveillance with moderate LUTS developed a blad- 
der stone and only 50% with bladder calculi have urodynamic 
BOO?; indeed, 10% of men with bladder calculi in this latter 
study had detrusor underactivity. 


Urinary tract infections. Incidence rate is low at 0.1 UTI/100 
patient-years. 18 


Bladder failure. Aetiology of this and when best to intervene in 
BOO is not clear. Signs of bladder failure (e.g. bladder fibro- 
sis, poor contracility) occur in both sexes with advancing age. 
Studies show both improvement in symptoms if undergoing 
early transurethral resection of prostate (TURP) rather than sur- 
veillance and later TURP’? and also a high chance of bladder 
failure despite TURP.*3 


Incontinence. Can occur with overflow incontinence and overdis- 
tension, from detrusor overactivity, and from part of the ageing 
process. The rate of incontinence with BPH has been recorded as 
low as 0.3/100 patient-years. 18 


Obstructive uropathy. Although older series report rates as high as 
14%, contemporary studies report lower rates of <1%.°? 


Haematuria. It is common acceptance that the prostate is the cause 
of bleeding when other causes have been excluded, and further 
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acceptance due to the benefits of finasteride in treating haema- 
turia caused by prostatic bleeding.*4 


AUR. Precipitated retention occurs after an event such as surgery, 
catheterization, drugs, and anaesthesia. Patients with sponta- 
neous retention (i.e. no cause, often preceded by LUTS) have a 
higher chance of recurrence of AUR than with precipitated reten- 
tion.*° Risk factors for AUR are increasing age, higher prostate- 
specific antigen (PSA), and higher prostate volumes. 


Erectile dysfunction. Previously it was thought that both male 
LUTS/BPH increase with age, as does sexual dysfunction. 
However, over the past decade, it has become apparent that there 
may be a direct causal effect of one on the other. Higher rates of 
ED and ejaculatory dysfunction have been observed in men with 
LUTs as compared to no LUTS,*¢ and in men with higher LUTS 
symptoms scores.>” 


Investigation of male lower urinary 

tract symptoms 

Initial investigation 

Clinically, BPH may present as LUTS, detrusor overactivity, poor 


bladder emptying, AUR, UTI, haematuria, and obstructive uropa- 
thy. This section deals with the investigation of LUTS.*8 


History. Detailed history is necessary to aid discussion on treat- 
ment options. 


Examination. In particular, external genitalia (meatal stenosis), 
digital rectal examination (prostate and rectal malignancy), 
focused neurological examination (to aid diagnosis of a neuro- 
pathic bladder). 


Urinanalysis. To exclude UTI, haematuria, diabetes, and renal disease. 


Serum creatinine. Not routinely recommended, but required if in 
retention, if planning imaging with contrast agents, and prior to 
surgery. 

PSA. Levels increase with prostate cancer, BPH, prostatitis, UTI, 
and catheterization. After appropriate counselling, men should 
be offered a PSA test if their LUTS are suggestive of bladder out- 
let obstruction secondary to BPE, if their prostate feels abnor- 
mal on DRE, or they are concerned about having prostate cancer. 
A high PSA (and high prostate volume) are predictors of BPH 
progression.!8 


International Prostate Symptom Score. This questionnaire consists 
of seven symptom questions (previously known as the American 
Urological Association Symptom Score) and one quality of life 
question. This score is useful for baseline assessment and assess- 
ing response to therapy. The maximum score is 35 (0-7 = mildly 
symptomatic; 8-19 = moderately symptomatic; 20-35 = severely 
symptomatic) (see Table 5.3.2). 


Frequency-volume chart. Records time and volume of each void. 
This is defined as a bladder diary if fluid intake and incontinence 
episodes are also calculated. This is a simple chart (see Fig. 5.3.4) 
but can yield very useful information: 


e Normal frequency and voided volumes. 


e Increased frequency and high volumes—an increased 24-hour 
production of urine, suggesting a high fluid intake from dia- 
betes mellitus, diabetes insipidus, or habitual. 
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Table 5.3.2 International Prostate Symptom Score 


INTERNATIONAL PROSTATE SYMPTOM SCORE (IPSS) 


Never About 1 About 1 About 1 About 2 Almost 
time in 5 timein3 timein2 times in 3 always 
1. Over the past month, how often have you had a sensation 0 2 3 4 5 
of not emptying your bladder completely after you finished 
urinating? 
2. Over the past month, how often have you had to urinate 0 2 3 4 5 
again less than two hours after you finished urinating? 
3. Over the past month, how often have you found you 0 2 3 4 5 
stopped and started again several times when you urinated? 
4. Over the past month, how often have you found it difficult (0) 2 3 4 5 
to hold back urinating after you have felt the need? 
5. Over the past month, how often have you noticed a 0 2 3 4 5 
reduction in the strength and force of your urinary stream? 
6. Over the past month, how often have you had to push or 0 2 3 4 5 
strain to begin urination? 
None time 2 times 3 times 4 times 5 or more 
times 
7. Over the past month, how many times did you most 0 2 3 4 5 
typically get up to urinate from the time you went to bed at 
night until the time you got up in the morning? 
Total IPSS Score S = 
QUALITY OF LIFE DUE TO URINARY SYMPTOMS 
Delighted Pleased Mostly Mixed about Mostly Unhappy Terrible 
satished equally dissatisfied 
satisfied and 
dissatisfied 
1. If you were to spend the rest of your life with your 0 2 3 4 5 6 


urinary condition just the way it is now, how would 
you feel about that? 


Quality of life assessment index L = 


e Reduced volumes with minimal variation in the volume 
voided—suggesting bladder wall pathology, such as carcinoma 
in situ or painful bladder syndrome or carcinoma in situ. 


e Reduced volumes with variation in the volume voided— 
suggestive of detrusor overactivity. 


e Increased nocturnal production—suggestive of fluid-retain- 
ing states, hormonal fluid balance abnormality, or idiopathic 
in origin. Typically, this is due to abnormal physiology rather 
than lower urinary tract pathology (NB: nocturnal polyuria is 
defined as night-time output of more than 35% of the 24 hr 
output). 


Secondary care investigation 


Pad tests. Useful in the assessment of incontinent men. Variability 


in recordings within the same patient. 


Urinary flow rate. Using a flow meter, the quantity of fluid (volume 


or mass) voided per unit of time is measured and expressed in 


Copyright 1992, International—Prostate Symptom Score © (|-PSS©) Michael J Barry. All rights reserved. Reproduced with permission. 


millilitres per second (mL/s). Flow meters measure the flow rate 
by using a spinning disc, a weight transducer, or by measuring 
capacitance. The flow rate can produce characteristic tracings 
of BOO and urethral stricture disease (see Fig. 5.3.5), but it is 
important that in a representative study, the patient voids at least 
150 mL. Men under 40 years generally have maximum flow rates 
(Qmax) over 25 mL/s, while men over 60 years of age with no 
BOO usually have maximum flow rates over 15 mL/s. 


Post-void residual (PVR). Using ultrasound, there is wide vari- 


ability in this reading in any one patient; in addition, there is no 
consensus as to what constitutes a significant post-void residual. 
PVR is useful in patients with non-painful retention and moni- 
toring patients who are on medical therapy for their LUTS (espe- 
cially with antimuscarinic therapy). 


Urodynamics (UDS). This is the only test to confirm BOO as 


opposed to male LUTS from detrusor failure or detrusor over- 
activity.’ However, it is not necessary on every male patient 
with LUTS. It is useful in planning surgery when the diagnosis of 


Bladder Diary 


Name: 


IN: Measure the fluid, and please note in this column everything that you drink. 


OUT: Measure the amount of urine you pass, and note it in the OUT column. If 
unable to measure, please tick. 


LEAK: Place tick in this column each time you leak. 


Date: Date: 


IN OUT LEAK IN OUT LEAK 


6am 


7am 


8am 


9am 


10am 


11am 


oon 


pm 


pm 


pm 
pm 


pm 


pm 


pm 


pm 
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pm 
10pm 
11pm 
12pm 
lam 


2am 


3am 
4am 


5am 
TOTAL: 


Fig. 5.3.4 A bladder diary. 


BOO cannot be ascertained by the above investigations, or when 
the diagnosis may be in doubt. UDS has been shown to reduce 
the subjective failure rate of bladder outlet surgery from TURP 
from 28% to 12%.?? Accepted indications are: 


e LUTS in a man under 50 

e LUTS in a man over 80 

e LUTS in the presence of neurological disease 

e Ongoing symptoms after bladder outflow tract surgery 
e Cannot void >150 mL 


UDS involves the placement of fluid-filled catheters attached to 
pressure transducers or catheter-tip pressure transducers placed 
into the bladder and the rectum. Pressures are then recorded dur- 
ing filling (Fill phase) and then voiding while recording the flow 
rate. By subtracting the pressure from the line in the rectum (Pabd) 
from the pressure in the bladder (Pves), the pressure developed 
by the detrusor muscle can be derived (Pdet) (see Fig. 5.3.6 for a 
UDS trace of BOO). The maximum detrusor pressure during the 
maximum flow rate (Qmax) can be used to define bladder outflow 
obstruction; this can be plotted in a variety of nomogram (e.g. 
Abrams-Griffiths nomogram, Fig. 5.3.7). 
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Fig. 5.3.5 Typical flow rate patterns. (A) Normal flow rate; (B) obstructed flow 
rate; and (C) urethral stricture flow rate. 


Flexible cystoscopy (FC). This is not routinely recommended in 
investigation of LUTS or BOO; there is no correlation with the 
visual extent of prostatic occlusion on cystoscopy and BOO con- 
firmed on UDS. FC is warranted if there is any haematuria, sug- 
gestion of urethral stricture disease on history or flow rate, and 
prior history of bladder cancer, recurrent UTI, sterile pyuria, and 
painful voiding. 


Imaging. Ultrasound is not routinely recommended but is of value 
if there is a suspicion of chronic retention, haematuria, recurrent 
infection, sterile pyuria, pain, and significant symptoms. 


Benign prostatic hyperplasia and prostate-specific 
antigen 


DRE is not accurate at measuring prostate volume and given that 
the latter is a marker of BPH, of BPH progression, and is associ- 
ated with BOO, it would be reasonable to determine post-void (PV) 
in patients. This would be most accurately performed by TRUSP 
or cross-sectional imaging, but this is not practical. PSA has been 
shown to correlate with prostate volume (see Fig. 5.3.8).4? In 
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Fig. 5.3.6 Urodynamic tracing shows high-pressure and lowflow BOO (from top down, vesical pressure line Pves, abdominal pressure line Pabdo, detrusor pressure line 
Pdet, flow, volume voided, and volume instilled). 
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Fig. 5.3.8 Relationship of prostate-specific antigen (PSA) and prostate volume. 
Fig. 5.3.7 Abrams-Griffith nomogram. The voiding detrusor pressure is plotted Reprinted from Urology, Volume 53, Edition 3, Claus G. Roehrborn et al, ‘Serum prostate- 
against the urinary flow. The chart is divided into three zones: the upper specific antigen as a predictor of prostate volume in men with benign prostatic hyperplasia, 
obstructed zone; the intermediate equivocal zone; and the lower unobstructed pp. 581-9, Copyright © 1999 Elsevier Science Inc. All rights reserved, with permission from 


zone. This trace is from the same patient as in Figure 5.3.5 and confirms BOO. Elsevier, http://wwwsciencedirect.com/science/journal/00904295 


addition, PSA is useful as a predictor of BPH and BPH progression. 
Over a five-year period, men with higher PSAs will have faster rates 
of prostate growth, worse symptom progression, and higher risk 
of AUR and need for BPH surgery than men with lower PSAs.!7-18 
These papers also show that medical therapy is more effective in 
men with lower PSAs. 


Treatment of male lower urinary tract 
symptoms secondary to benign prostatic 
hyperplasia 

Conservative therapy 


Left untreated, most men with BPH will not suffer from the compli- 
cations of BPH outlined earlier.*! It is difficult to determine which 
patients are suitable for surveillance of their symptoms. It does 
appear clear that those with moderate and severe symptoms do bet- 
ter with earlier intervention with TURP than those that continue 
surveillance and have later TURP.*2 

Successful watchful waiting techniques include education, reas- 
surance of no cancer, and monitoring of symptoms; these tech- 
niques have been shown to improve symptom control and quality 
of life.42 Consensus also dictates that lifestyle modification as sug- 
gested below will help with symptoms: 


+ reducing fluid intake for convenient time periods; 
avoidance of caffeine and alcohol; 

+ double-voiding; 

¢ urethral milking to help with post-micturition dribbling; 
+ bladder retraining. 


Containment may also be a suitable option in some men with 
BPH and severe LUTS. These products, such as pads, bedpants, 
penile sheaths, and clamps, should ideally be used in conjunction 
with local continence services. For those that are not suitable for 
therapy or because of patient choice, catheterization, either in the 
form of clean intermittent self-catherization or long-term ure- 
thral or suprapubic catheterization, is a reasonable option. Due to 
easier hygiene, easier catheter changes, facilitation of sexual inter- 
course, and for prevention of traumatic filleting to the distal penis, 
a long-term suprapubic catheter is more favourable than a urethral 
catheter. 


Medical therapy 


Medical therapy has superceded surgical treatment as the pri- 
mary choice for most men with BPH and LUTS due to revers- 
ibility of treatment, and fewer side effects. Over a 13-year period 
to 2000, a 55% reduction in TURP has been documented.43 Some 
patients demonstrate clear indications for surgical therapy and 
should not be offered medical therapy as first choice treatment— 
these are: 


+ obstructive uropathy 
recurrent retention 


+ recurrent UTIs 
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Alpha blockers 


As described earlier in the chapter, smooth muscle makes up a 
major component of the prostate. In 1975, investigators were 
able to show that human prostrate contracts with the a-adrener- 
gic agonist noradrenaline“ and subsequently, the al receptor has 
been identified as the main agonist receptor, with the majority 
within the prostatic stroma. Clinical utility was then described by 
improvements in peak flow rate (in men with symptomatic BPH) 
who received the a-adrenergic antagonist terazosin.*© 

Since then, a-adrenergic blockers have continued to evolve. 
Phenoxybenzamine was first available for symptomatic control for 
LUTS, but had a high incidence of side effects related to its non- 
selectivity. Subsequently, a1 receptor blockers (prazosin, alfuzosin, 
indoramin) and then long-acting al receptor blockers (terazosin, 
doxzosin, and alfuzosin) became available. Some of these agents 
require dose-titration to be effective. By demonstrating mediation of 
prostate smooth muscle tension by a1 A activation (there are three 
subtypes al A, al B, al D), with further refinement, we now have 
selective al A receptor antagonists, tamsulosin, silodosin, naftopidil, 
and long-acting tamsulosin MR. Tamsulosin has a moderately higher 
affinity for al A than for a1 D; silodosin has a very high selectivity 
(162:1) for al A versus al B; and naftopidil is relatively selective for 
al D. These latter two newer agents appear to show equal sympto- 
matic improvement and peak flow rate improvement to tamsulosin. 

Tamsulosin remains a very popular a-blocker because of its selec- 
tivity; it is well tolerated with modest adverse events (of anejacula- 
tion, dizziness and asthenia) and produces rapid and reasonable 
symptomatic improvement (IPSS score improvement of around 
35%). This is in distinction to efficacy trials using tamsulosin (and 
indeed, all a-blockers) which show modest improvement in peak 
flow rates (mean difference from placebo of up to 2.6 mL/s). In fact, 
the picture remains unclear as to how a-blockers fully exert their 
effects in LUTS. Given that a-blockers result in minimal changes 
to urodynamically-proven BOO,” it is possible that their beneficial 
effect may also occur due to action on blood vessels, extra-prostatic 
smooth muscle, within the spinal cord and/or the brain. 

a-blockers need to be used with caution in the elderly because of the 
risk of orthostatic hypotension and dizziness, and subsequent higher 
risk of falls. There is some benefit of these adverse events in those that 
suffer from hypertension. In addition to the prostate, a1 A is the major 
receptor subtype in the iris dilator muscle in the eye. As such, tamsu- 
losin (and less so with other a-blockers) can result in intraoperative 
floppy iris syndrome that can complicate cataract surgery and make 
it more difficult to deal with. Clinically, the syndrome results in poor 
preoperative pupil dilatation, iris billowing and prolapse, and progres- 
sive intraoperative miosis. It remains unclear how long before planned 
surgery a—blockade should be stopped to allow for safer operating. 

a-blockers have been shown to improve the success of trial with- 
out catheter after AUR. This was first demonstrated with alfuzo- 
sin*’ and then later with tamsulosin. In the former ALFAUR study, 
nearly 50% of men successfully passed their trial without catheter 
(TWOC) after three days of placebo. This rate was improved to 62% 
after the use of alfuzosin. 


5-a reductase inhibitors 


As prostate growth is androgen dependent, surgical castration 
resultedin symptomaticimprovementin LUTS. In brief, non-specific 
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androgen suppression has been tried, with gonadotropin-releasing 
hormone analogues, progestational agents, and antiandrogens, 
but due to their side effects and mode of administration, were not 
popular agents. The 5-a reductase inhibitors, finasteride, and duta- 
seride, work by reducing levels of DHT (by inhibition of type 1 and 
type 2 5-a reductase, thereby blocking the enzymatic conversion 
of testosterone to DHT). This results in reduction of the epithelial 
components of the prostate and ultimately prostate size. This has 
then led to a reduction in BOO, presumably from BPH, with a sub- 
sequent improvement in LUTS (after approximately six months of 
treatment). 

Finasteride is a selective inhibitor of the type 2 5-a reductase 
isoenzyme. Castrate levels of DHT are not achieved because of 
type 1 isoenzymes within the skin and liver. The North American 
Finasteride Trial“? was able to show an improvement in peak flow 
rate (by 1.85 mL/s) and symptom score and a reduction in prostate 
volume (by 12 cm?) with the use of 5 mg finasteride for 12 months, 
as compared to placebo. Following further similar trials and effi- 
cacy results, the PLESS study”? showed that efficacy of finasteride 
over placebo was maintained at four years; no masking of the detec- 
tion of prostate cancer was noted, despite the 50% reduction that 
occurs in PSA measurements. Dutasteride inhibits both type 1 and 
type 2 isoenzymes and subsequently lowers serum DHT further by 
90% as compared to a 70% reduction with finasteride. However, 
this greater reduction in DHT levels does not translate to clinical 
improvement with a similar reduction observed with both agents 
in symptom scores and prostate volumes and improvements in flow 
rates in randomized placebo-controlled trials.>! This may be due to 
the similar 70% intraprostatic reduction in DHT observed in both 
agents. 

Both finasteride and dutaseride result in loss of libido and erec- 
tile dysfunction, although this typically occurs early in treatment 
and then subsides. The agents should be used in men with moder- 
ate to severe LUTS and prostates >40 mL or with PSA levels >1.4. 
Finasteride has also been shown to reduce blood loss during TURP, 
possibly due to a reduction in prostate vascularity,>? and as such, is 
often offered to men with recurrent haematuria secondary to pro- 
static bleeding. 


Combination therapy 


Early combination studies did not show large advantages of using 
dual therapy. The Veterans Affairs study,” the ALFIN study,” and 
the Prospective European Doxazosin and Combination Therapy 
(PREDICT) study” showed no advantage of an a-blocker over a 
combination of an a-blocker and a 5-a reductase inhibitor at up to 
one year in peak flow rates and symptom scores. 

However, the MTOPS trial! and subsequent CombAT trial>® 
have shown not only an improvement in peak flow rates and LUTS 
symptom scores but prevention of BPH progression (as determined 
by IPSS rise >4, a 50% rise in serum creatinine, AUR, recurrent 
UTIs or incontinence, or BPH surgery rates). MTOPS showed that 
a combination of doxazosin and finasteride resulted in improve- 
ments in symptom scores and peak flow rates and reduced disease 
progression (primarily as symptom scores) as compared to placebo 
or monotherapy. CombAT showed that combination therapy with 
tamsulosin and dutasteride was more effective at reducing BPH 
progression and improved symptom scores than monotherapy 
alone. This latter study also showed that combination therapy was 
superior to tamsulosin monotherapy only at reducing the relative 


risk of AUR or surgery. This latter aspect has also been highlighted 
previously in the SMART study,*” which showed that the use of 
an alpha blocker and a 5-a reductase inhibitor can be used to pro- 
vide rapid symptom relief and then subsequent cessation of the 
alpha blocker after six months allows ongoing symptom control. 
Further analysis of these studies has led to guideline proposals?®*8 
that long-term combination therapy should be offered to men with 
moderate to severe LUTS with prostates >40 mL, PSA >1.4 ng/nl, 
and reduced maximum peak flow rates. 


Phosphodiesterase type 5 inhibitors 


There is a link between erectile dysfunction and LUTS; both occur 
as men age and an early report highlighted an improvement in 
LUTS in men treated with Viagra.°? Hypotheses for mechanism of 
improvement in LUTS include changes to pelvic atherosclerosis, 
autonomic hyperactivity, interaction with the Rho-kinase path- 
way and alterations to nitric oxide levels. Randomized studies®?-62 
show no improvement in peak flow rates despite improvements in 
LUTS (in both storage and obstructive scores) which suggest that 
improvements occur because of changes to bladder function rather 
than changes to the prostate or BPH. Despite FDA approval for a 
phosphodiesterase inhibitor to be used for LUTS (although confus- 
ingly referred to as BPH or an enlarged prostate), it is unknown 
what are the long-term effects of once daily use of this class of drug. 


Phytotherapy 


Plant extracts, from roots, seeds, bark or fruits, are used to improve 
LUTS. These compounds consist of a variety of chemicals (such 
as phytosterols, plant oils, trepenoids) and various production 
techniques, and therefore careful scientific appraisal and com- 
parison is difficult. Potential mechanisms of action include anti- 
inflammatory, hormonal, and growth factor pathways. Popular 
and common agents include Serenoa repens (saw palmetto berry 
extract) and Pygeum Africanum (from African Plum). Until further 
clarity is obtained from higher quality studies, the current body 
of evidence®+® does not favour treatment with these compounds. 


Surgical therapy for benign prostatic 
hyperplasia 
Prostate stents 


The type and indication for intraprostatic stents is constantly evolv- 
ing. Early stents were utilized for medically unfit patients instead 
of a urinary catheter and can be fitted under a local anaesthetic. 
However, they remain problematic and may be difficult to reposi- 
tion or remove. Complications are high with haematuria, perineal 
pain, encrustation, migration, breakage, stress incontinence, and 
UTIs. Spiral stents can be self-retaining (Prosta coil) or malleable 
and heat-expandable (Memokath). Using the latter, IPSS reduc- 
tion can be maintained up to seven years’ follow-up’ but there 
was high rate of repositioning and removal. Epithelial hyperplasia 
and ingrowth can be problematic. A variety of polyurethane stents 
are available and have been used as temporary measures to keep 
the prostatic lumen open during the heating effects of thermo- 
therapy treatment for the prostate, and to prevent post thermo- 
therapy retention. Equally, biodegradable stents have been used 
as a temporary relieving stent following laser ablative techniques 
on the prostate. Finally, permanent stents have been tried to treat 


BPH in medically unfit patients. UroLume is a metallic stent that 
allows epithelialization over the stent. It has been used with suc- 
cess in unfit patients who have presented with AUR,686? or as an 
alternative to TURP.”° Further complications encountered include 
irritative LUTS and painful ejaculation. One study showed that at 
up to 12 years’ follow-up, 47% had to be removed.7! Memotherm 
is an another thermoexpandable metal stent that is reportedly easy 
to remove, as traction unravels the single wire. Again, complica- 
tion rates remain high with a significant incidence of urinary symp- 
toms, UTI, and urethral stricture disease. Overall, prostatic stents 
are infrequently used in clinical practice. 


Minimally invasive therapy 


Transurethral microwave thermotherapy (TUMT) is also undergo- 
ing evolution and higher energy techniques have been used. In the- 
ory, by producing heat variation in the periurethral prostatic tissue, 
and by causing resultant coagulative necrosis, nerve degeneration, 
and inducing apoptosis, improvements are observed in LUTS. The 
prostate is heated using microwave energy with simultaneous cool- 
ing of the urethra. Despite lack of improvement in objective param- 
eters such as peak flow rates, considerable improvements in IPSS 
can be observed. Equally important however is the large number of 
unpredictable non-responders, even in the higher energy studies. 
As results are less favourable to TURP over the long term,” cur- 
rently this technique is considered experimental. 

Transurethral needle ablation of the prostate (TUNA) also deliv- 
ers heat to the prostate, via radiofrequency energy delivered by nee- 
dles placed into the prostate, with resultant necrosis to prostatic 
tissue. There may also be a neuromodulatory effect. As the nee- 
dles are placed within the prostate, the prostatic urethra is spared. 
Treatment efficacy is less comparable to TURP, with very little data 
on follow-up at greater than one year.” Complication rates are 
low, with the most common adverse events being bleeding (30%), 
temporary AUR (up to 40%), UTI (7%), and urethral stricture dis- 
ease (2%). TUNA results in less sexual dysfunction than TURP. 
As above, this is not a recommended standard technique for BPH 
management. The technique is associated with a high reoperation 
rate (14-20% within two years). 

Heat delivery between the above methods differ slightly. With 
microwaves, heat is applied more broadly and deeply than with 
TUNA. The central temperature is therefore kept lower to pro- 
tect the capsule and surrounding tissues; as such, treatment takes 
longer with TUMT. With TUNA, heat generation is faster and hot- 
ter, but to a smaller area. Similarities are that both can be done in an 
outpatient setting with minimal sedation and hence maybe suitable 
for unfit patients. Both procedures result in marked postoperative 
irritative urinary symptoms because of postoperative necrosis and 
subsequent sloughing of prostatic tissue over a number of weeks. 

Heat delivery has also been tried with high-intensity focused 
ultrasound (HIFU). This procedure is a low morbid option with a 
resultant improvement in symptoms scores.’4-7© However due to 
complications of AUR and even rectourethral fistula, and a very 
high rate of early reoperation with TURP (up to 44%), this tech- 
nique has been abandoned. Hot water-induced thermotherapy 
involves an extracorporeal heat source and a proprietary closed- 
loop catheter system. Water, heated to 60°C, is circulated through 
the catheter to a treatment balloon, which conducts thermal energy 
to targeted prostatic tissue. Catheters are left in for a minimum of 
one week. Symptom scores are improved following treatment,’7~”? 
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but due to complications of dysuria, bleeding, AUR, and high 
retreatment rates, this technique is no longer used. 

Transurethral ethanol ablation (TEAP) involves endoscopic injec- 
tion of up to 13 mL dehydrated ethanol (98% concentration) at four 
to eight sites in the prostate either transurethrally (most common), 
transperineally, or transrectally. This results in coagulative necro- 
sis and subsequent prostate gland volume reduction. Symptom 
scores and flow rates do improve but again, a high reintervention 
rate is observed. Single-centre series with short follow-up only have 
been described.*°-® A further option evaluated in medically unfit 
patients is injection of botulinum toxin into the prostate. Following 
transperineal ultrasound guided injection (transurethral and tran- 
srectal routes have also been described), short-term improvement 
is observed in symptom scores in medically unfit patients.83-86 It is 
unclear how the toxin exerts its effects (either locally or centrally, 
via muscle relaxation, or by prostate apoptosis and longer term vol- 
ume reduction); it is also unclear what are the potential adverse 
effects of the need for repeated injection into prostate tissue; hence, 
currently this therapy is experimental. In an early investigational 
study, radiofrequency energy has also been used clinically for BPH 
using a pulsed electromagnetic field?” with promising early results. 


Transurethral Prostatectomy (TURP) 


Monopolar TURP remains the gold standard treatment for the 
surgical management of BPH and BOO. This is despite the lack of 
randomized controlled trial (RCT) evidence to support its intro- 
duction. TURP rates have declined over the past two decades. This 
is primarily related to the beneficial effects of medical therapy of 
BPH and to a lesser extent on the evaluation of alternative surgical 
techniques. Indications for TURP include: 


Moderate to severe LUTS (either not controlled with medical 
therapy or by patient choice) 


+ AUR 

+ Recurrent UTI 

+ Recurrent haematuria 
+ Obstructive uropathy 


It is of value to remind the reader that BOO can only be diagnosed 
by urodynamic studies; symptoms, flow rates, post-void residual 
urine measurements, and cystoscopic findings can only infer BOO 
by BPH. Surgical resection of the prostate can occur by monopo- 
lar (standard) or more recently, by bipolar resection. The resection 
involves a step-wise approach to resect the three lobes of the pros- 
tate by resecting the prostatic tissue in small slices and washing out 
the prostate chips; haemostasis is completed using rollerball dia- 
thermy (see Fig. 5.3.9). The urinary catheter may or may not be 
irrigated and can be removed after 24-48 hours. The reduction in 
symptoms score and improvement in QoL scores remain high after 
this operation and currently has not been bettered by any endo- 
scopic technique. The large national prostatectomy audit®* outlined 
that that most men underwent TURP because of one of the indica- 
tions above, rather than for symptoms, and that TURP was effective 
in reducing symptoms and symptom bother (although not all men 
experienced a good reduction in symptoms; 4% were worse, 10% 
were the same, and a quarter experienced only slight improvement). 
Six per cent (6%) had problematic incontinence (this is less than 2% 
in contemporary series), two-thirds had retrograde ejaculation, and 
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Fig. 5.3.9 (A) Endoscopic view during transurethral resection of prostate (TURP) resection; (B) diathermy. 


a third reported erectile dysfunction (it is important to stress that 
the natural history of impotence in elderly men remains unknown). 
Mortality risk is low with this operation.®? Results remain durable 
with published data up to 22 years.?? Reoperation, usually with 
another TURP, is around 1-2% per year. The risk of transurethral 
resection (TUR) syndrome (dilutional hyponatraemia from fluid 
absorption) has dramatically decreased (better awareness, reduced 
operating times, and better perioperative assessment and care) and 
is less than 1%. Risk factors associated with TUR syndrome are 
excessive bleeding and an open venous sinus, prolonged operation 
time, large prostates, and smoking. Postoperative transfusion rates 
remain low at 2%. Younger men with BOO may benefit from an 
incision at the bladder neck (BNI or transurethral incision of the 
prostate, TUIP), usually at the 5 and 7 oclock positions’! rather 
than undergoing a complete TURP. 

To improve haemostasis, length of catheterization, and reduce 
TUR syndrome, bipolar TURP has become popular. The technique 
uses a specialized resectoscope loop, which contains both the active 
and return electrodes and allows resection during saline irrigation. 
Prostate tissue is heated indirectly by the heat from the ignition 
of the spark that occurs between the electrode loops. The move to 
this resection technique has occurred, despite the lack of long-term 
evidence. Studies to date would point to a trend in lower rates of 
clot retention, catheterization, operating time, irrigation and TUR 
syndrome with other surgical outcomes (IPSS scores, reoperation 
rates, and so on) comparable to monopolar TURP in short-term 
follow-up.?? At up to five years, results appear to be durable and 
comparable to monopolar TURP.” Prostate enucleation has also 
been described using bipolar energy.*4 

Transurethral vaporization of the prostate (TUVP) involves 
vaporization by steam at high heat at the leading edge of the 
probe and subsequent desiccation to dry out the prostatic tissue 
at the trailing edge of the probe with resultant coagulation (see 
Fig. 5.3.10). Generators need to be effective at altering power in 
response to resistance of the prostatic tissue, which varies depend- 
ing on the level of hydration. This is a bipolar technique allowing 
surgery with saline irrigation. There are many electrode designs 
available; for example, a rollerball, rollerbar, and various loop con- 
figurations. At one year, complication rates are similar to TURP, but 
catheterization, haematuria, and transfusion rates are lower with 
TUVP?>-%7 albeit with longer operating times for the procedure. 
Similar to TURP, vaporization-resection of the prostate has also 
been described. 


Fig. 5.3.10 Endoscopic view of transurethral vaporization of the prostate (TUVP). 
Reproduced courtesy of Dr Bogdon Geavlete, Assistant Professor, “Saint John” Emergency 
Clinical Hospital, Department of Urology, Bucharest, Romania. 


Laser surgery 


There are currently four groups of lasers used for BPH surgery by 
either coagulating, vaporizing, or enucleating the prostate: 


+ Potassium titanyl phosphate (KTP); neodymium yttrium alu- 
minium garnet (Nd-YAG); and lithium borate (LBO) 


+ Diode lasers 
+ Holmium (Ho): YAG (HoLEP) 
+ Thulium (Tm): YAG (ThuLEP or ThuVEP) 


KTP lasers have been used for photoselective vaporization of the 
prostate (PVP). Initially 60 W lasers were used,°® subsequently 80 
W lasers and then more recently the 120 W laser is being used. Two 
RCTs comparing TURP and PVP with 80 W KTP have been pub- 
lished. One showed equivalent results to TURP at one-year follow- 
up”; the second showed superior flow rate results with TURP at 
6 months’ follow-up.!°° KTP PVP with 80 W has also shown com- 
parative results with open prostatectomy.!°! LBO PVP has shown 
similar short-term equivalence to TURP and appears to be quicker 
than KTP PVP. Both KTP and LBO emit green light and have been 
shown to reduce intraoperative blood loss and have reduced post- 
operative blood transfusion rates as compared to TURP. Stricture, 
retrograde ejaculation, and retreatment rates appear similar 
to TURP. 

Much of the data on diode lasers refer to the 980-mn laser 
diode. These prospective studies with follow-up to one year show 
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Fig. 5.3.11 (A) Endoscopic views during holmium (Ho): YAG (HoLEP) laser surgery, prostatic incision; (B) just prior to prostate lobe detachment and; (C) during morcellation. 


Reproduced courtesy of Mr Tev Aho, Consultant Urologist, Cambridge, UK. 


improvement in flow rates and a reduction in PVRs and PSA.107-103 
Worryingly, this technique is associated with higher rates of blad- 
der neck stricture or obstruction from necrotic tissue and as such, 
this type of BOO surgery is not recommended. 

In HoLEP, high temperatures generated by the holmium laser 
create bubbles of steam which tears tissue apart with excellent 
haemostasis (see Fig. 5.3.11). Initially holmium lasers were used 
to vaporize or ablate the prostate (HoLAP), which resulted in uro- 
dynamic improvements similar to TURP but with a smaller reduc- 
tion in prostate volume at short-term follow-up. Holmium was 
then used to resect the prostate (HoLRP), much like TURP. This 
technique has now progressed onto HoLEP with enucleation of the 
entire lobes, which are then pushed into the bladder and then mor- 
cellated (see Fig. 5.3.9).!°4 There have been six RCTS comparing 
HoLEP with TURP and one comparing HoLEP with open pros- 
tatectomy. Essentially there is no statistically significant difference 
between HoLEP and TURP in improving symptom scores and 
quality of life scores at up to seven years.!05-!07 HoLEP showed 
greater improvement in flow rates at one year but not at seven years. 
Less blood loss and transfusion rates have been observed with 
HoLEP.!°8 HoLEP has a significantly longer operating time than 
TURP but this may be offset by shorter catheterization or hospital 
stay in some centres. At five years’ follow-up, HoLEP is also com- 
parable to open prostatectomy. 10° 

Thulium laser allows better tissue vaporization than holmium. 
Similar to the evolution of the technique with holmium lasers, 
thulium lasers have been used to treat BPH by vaporization, 


vaporesection (ThuVARP), vapoenucleation and laser enucleation 
(ThuVEP). At one-year follow-up, there seems to be no difference 
in outcome or complication rates between TURP and ThuVARP.!!° 
Equally there seems to be no difference between HoLEP and 
ThuVEP!"! or ThuLEP.!!? 

Laser techniques for treating BPH appear to have equivalent 
results to TURP. They are superior to TURP in anticoagulated 
patients with lower risks of bleeding and the need for postoperative 
blood transfusion.1!3-!!4 As with bipolar TURP, saline irrigation can 
be used and this limits the development of hyponatraemia (this is 
still possible following use of large volumes of irrigant, inappropri- 
ate post-op fluid management, and inappropriate SIADH release). 
Shorter periods of catheterization and length of stay need to offset 
the higher operating costs (in terms of equipment and operating 
time); as such, TURP remains a cost-effective modality for BPH 
surgery.!15 


Open prostatectomy 


Open prostatectomy is still relevant in today’s medicine; it involves 
enucleation of the hyperplastic prostatic adenoma. It was first per- 
formed for many centuries via a perineal approach. Later descrip- 
tions include Freyer’s suprapubic transvesical approach, !!6 Millin’s 
retropubic transcapsular prostatectomy,!!7 and more recently lap- 
aroscopic!!§ and robotic-assisted!!° approaches. Prostatectomy 
still holds a strong place in many developing countries where 
resources, endourological equipment, and expertise may be lack- 
ing. It is clear that simple prostatectomy provides good functional 
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outcome with excellent long-term improvements in flow rates, 
post-void residuals, and symptom scores.?7!?0!?! This has to be 
weighed up against a longer operating time, hospital stay and 
recovery, the need for a lower midline incision, and higher postop- 
erative bleeding potential. The common view is that this approach 
should be reserved for larger prostates. In these patients, HoLEP 
is a reasonable endourological alternative allowing a minimally 
invasive alternative to prostate enucleation; functional outcome 
and complication rates appear the same.!°? However, the open 
approach should be considered in men with prior urethral disease 
(e.g. following hypospadius repair and/or ongoing stricture dis- 
ease), in the presence of large bladder calculi, or in men with fixed 
hips that do not allow flexion. 


Novel therapies 


A number of novel therapies have been investigated recently. The 
Urolift procedure involves placing tiny implants that stretch the 
prostatic urethra open. The delivery system allows the implant 
to be placed and tensioned, and usually requires an average of 
four implants per person. The improvements in symptom score 
and flow rate are far superior to those seen with medical therapy, 
but not as good as those seen with conventional surgery. There 
is no associated sexual dysfunction and although recovery time 
is superior to that from conventional surgery, long-term out- 
comes are unknown. NICE approval was granted in 2014 for this 
procedure. 

Other novel therapies currently under investigation include 
prostate artery embolization (PAE) and aquablation of the prostate. 
During PAE, an interventional radiologist, using a percutaneous 
transfemoral approach, performs super-selective catheterization 
of small prostatic arteries and embolizes them by introducing 
microparticles of polyvinyl alcohol or gelatin sponge. Aquablation 
involves using image-guided high-velocity waterjet technology to 
resect and remove prostate tissue. 


Bladder outlet obstruction surgery 


Although there seems to be clear indications for BOO surgery, 
many questions remain in this area.!2* We do not know what spe- 
cific elements of BOO result in damage to the urinary tract (e.g. 
bladder pressure at rest or during voiding, the role of compliance 
in BOO), or to what extent BPH contributes to BOO and to what 
extent should PV be reduced by surgery to reduce BOO and its 
complications. !?3 It is however clear that in the long term, the blad- 
der plays a central role in the symptoms of men with BPH. BOO 
surgery is more successful in men who suffer from confirmed 
BOO.!*4 However, untreated BOO does not result in long-term 
loss of bladder function or greatly alter LUTS.!?° In addition, 
BOO surgery in men provides no advantage to bladder function or 
symptoms as compared to surveillance if they suffer from detrusor 
underactivity.!*° Finally, those with underactivity prior to surgery 
continue to suffer from long-term underactivity*? despite surgical 
deobstruction. 

The effect of BOO surgery on erectile dysfunction is unclear. 
Large scale trials would suggest a detrimental effect on ejacula- 
tory function and potency, regardless of technique.!27:!8 However, 
more detailed examination confirms a high rate of sexual inactivity 
prior to BOO surgery, and no detrimental (and in some cases a 
positive) effect of BOO surgery on those men that were sexually 
active prior to surgery.!29 


Conclusions 


BPH affects many men, is very common, and with an ageing popu- 
lation, is a worldwide problem. BPH and BOO are one of many 
causes of LUTS. The natural history of BPH would suggest that 
complications from BOO, including haematuria, UTIs, and AUR, 
occur infrequently. 

Simple evaluation of treatment of male LUTS is encouraged in 
primary care. Following GP assessment, medical therapy can be 
commenced. Secondary care assessment allows accurate defini- 
tion of BOO (by urodynamic studies). The ongoing development 
of medical therapy for obstructive LUTS has led to a reduction in 
surgical therapy for BPH. Following clinical effectiveness observed 
in the use of alpha blockade within the prostate, there is ongoing 
development of superselective alpha blockers (e.g. silodosin and 
naftopidil). 5-a reductase inhibitors, finasteride, and dutasteride, 
have shown clinical utility in improving symptoms and reducing 
prostate volume. Combination therapy with a-blockers and 5-a 
reductase inhibitors have shown not only improvement in flow 
rates and symptoms scores, but also a reduction in BPH progres- 
sion events over four years. Recently, there is mounting evidence 
for the causal association of BPH and ED with the subsequent 
licensing approval of a PDESi for the treatment of BPH. 

Open prostatectomy results in long-term durable effective- 
ness for BOO surgery. This has largely been replaced by TURP, 
which has equally shown to produce excellent long-term results 
in symptom scores and flow rates. There are ongoing attempts to 
improve on the results of TURP, largely by laser techniques which 
are undergoing constant evolution with higher energy delivery to 
allow faster prostate volume reduction with lowered catheterization 
and hospital stay. Many options remain intuitively as good as or 
better than TURP, but because of difficulties in recruiting to and 
performing high quality randomized controlled trials in surgery, 
TURP remains the gold standard deobstructing procedure. 

The choice of treatment of BPH will remain under the influ- 
ence of several factors; this includes findings at assessment in pri- 
mary and secondary care, treatment choice, and expectations of 
the patient for onset of symptom control, efficacy, side effects, and 
disease progression. As patients age, BPH increases, and medical 
therapy is often superseded by surgical treatment of BPH. 
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CHAPTER 6.1 


Epidemiology of prostate cancer 


Alison J. Price and Timothy J. Key 


Introduction to the epidemiology 
of prostate cancer 


Prostate cancer is the second most common malignancy and the 
sixth most common cause of cancer death for men worldwide.! 
Aside from age, ethnicity, and family history of disease, the risk 
factors are not well understood. This chapter aims to give a descrip- 
tion of the geographical and temporal trends in prostate cancer 
incidence and mortality, and an outline of the risk factors possibly 
involved in the aetiology of the disease, with an emphasis on the 
role of hormonal and dietary factors. 


The nature of the evidence 


Much of the literature pertaining to the aetiology of prostate cancer 
is derived from epidemiological investigations, both observational 
(ecological, case-control, and cohort studies) and interventional 
(randomized controlled trials), of associations between biological, 
physical, and chemical exposures, and risk for prostate cancer diag- 
nosis or death. Studies of animal models and cell cultures are used 
to explore findings at a mechanistic and functional level, but these 
will not be discussed here. 

The natural history of prostate cancer is complex as it can take 
many years to present clinically and, while some men develop an 
aggressive, lethal form of the disease, many men develop cancer 
that remains small and undetected, and ultimately these men die 
with the disease, rather than from it.* Differentiating non-aggres- 
sive from aggressive disease is known to be crucial for determining 
the best treatment approach (and preventing men undergoing inva- 
sive treatments for cancers that may never become life-threatening), 
and it may also be important for determining possible aetiological 
differences. However, determining if identified risk factors are asso- 
ciated more with malignant transformation or tumour progression 
is difficult, because the duration between onset of asymptomatic 
disease and clinical symptoms has been estimated to be up to 12 
years*), and some men will develop a form of disease that has little 
impact on health even in the absence of treatment.* Indeed, aut- 
opsy studies have shown microscopic, well-differentiated tumours 
of the prostate gland in 10-14% of men between the age of 40 and 
50 years) and 30-40% of men aged over 50 years.” By 80 years of 
age, it is estimated that 80% of all men have asymptomatic prostatic 
carcinoma.® 

A further complication for understanding the aetiology of pros- 
tate cancer is the increased use of prostate-specific antigen (PSA) 
testing in some populations, as it has led to much earlier detec- 
tion of asymptomatic disease (by as much as 10 years in men aged 


55 years’), decreased numbers of advanced cancers, and a con- 
comitant increase in the proportion of early localized cancers (of 
which many may never progress to clinical disease).8 

While future research may identify diagnostic and prognostic 
biomarkers of prostate cancer that provide a clear differentiation 
between aggressive and non- aggressive disease, there are currently 
no such validated biomarkers in general use, and so disease aggres- 
siveness is determined by stage and grade. The prostate cancer 
tumour staging system (TNM)? and the Gleason score,!° devised 
over 40 years ago, are the standard benchmarks for determining the 
clinical and pathological stages and the histological grade of pros- 
tate cancer. However, diagnostic practices and criteria have evolved 
during this time with implications for the interpretation of stage 
and grade information. In years, ultrasound-guided needle biopsy 
tissue (collected at diagnosis) has become widely used for grading 
disease, whereas previously this information was derived mostly 
from tissue collected during radical prostatectomy or from trans- 
urethral resection of the prostate. A change in pathologists’ inter- 
pretation of biopsy specimens over time has also been evident, with 
a trend toward allocation of higher grades to cancers that would 
have previously been classified as less aggressive forms of the dis- 
ease.”!!,!2 To accommodate heterogeneous patterns of early disease 
(detected by PSA testing) that were not apparent when the Gleason 
criteria were first devised, scoring recommendations have also been 
updated.!3 In the original system the two predominant Gleason 
scores were used to grade prostate cancers; however, the current 
recommendation can be based on the most predominant score and 
the tertiary score, thereby contributing further to the upward trend 
in grade allocation over time.!? 

An important consequence of changes in diagnostic practices 
that alter disease classification during the follow-up period of lon- 
gitudinal studies is partial misclassification of the outcome. This 
may obscure aetiological relations between exposures and risk for 
disease. To address this issue, some prospective observational stud- 
ies and clinical trials have standardized prostate cancer grade!4 and 
stage!> data and collected detailed information on a participant’s 
PSA screening history.!® However, this may not be feasible for large, 
international and/or multicentre studies. Furthermore, for studies 
without information on prostate cancer screening, it becomes diffi- 
cult to ascertain the likely lead time associated with an individual's 
diagnosis and to account for this in the analytical methodology. 

In summary, the complex natural history of prostate cancer and 
the use of PSA testing means that incident prostate cancer repre- 
sents a heterogeneous group of cancers which may impede aetio- 
logical investigations. While information on stage and grade of 
disease may help to differentiate risk factors for disease initiation 
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and progression, this remains a relatively imprecise tool. The total- 
ity of the evidence from epidemiological research of risk factors for 
prostate cancer should be interpreted with these caveats in mind. 


Prostate cancer incidence and mortality 
Geographic trends 


Prostate cancer is the second most common malignancy and the 
sixth leading cause of cancer death among men worldwide. There 
were an estimated 1,111,700 new cases and 307,500 new deaths 
in 2008.! The worldwide prostate cancer burden is expected to 
grow to 1.7 million new cases and 499,000 new deaths by 2030 
simply due to the growth and ageing of the global population.! 
Although prostate cancer is the most common type of cancer 
diagnosed in men in most Western countries,! there are large dif- 
ferences between countries in the age standardized incidence rate 
of the disease (Fig. 6.1.1). The highest age standardized incidence 
rates of prostate cancer are reported in Western Europe, North 
America, and Australia, with rates per 100,000 men ranging from 
85 to 112 per year, while the lowest rates, between 4.5 and 11.2 
per 100,000 men per year, are reported in Northern Africa and 
South-Central, Eastern, and Southeastern Asia.!” It is important 
to acknowledge that although incidence rates can provide use- 
ful information about the distribution and frequency of cancer, 
a reliable calculation requires adequate health infrastructure, 
including a sophisticated healthcare system, universal access to a 
diagnosis, good health records, and consistent and timely report- 
ing of new cases to a population-based cancer registry. Differences 
in healthcare delivery or uptake and reporting of cancers, either 
between populations or over time, distort temporal and popula- 
tion comparisons, and the wide variation in international prostate 


cancer incidence rates and trends is in part due to the substantial 
differences worldwide in the diagnosis of latent cancers through 
PSA testing of asymptomatic individuals, as well as during pros- 
tate surgery. 

In comparison with the very wide variation in incidence of pros- 
tate cancer between economically developed and developing coun- 
tries, there is less variation in mortality rates, although this is still 
substantial (Fig. 6.1.2). Age-standardized mortality rates for pros- 
tate cancer are highest in the Caribbean and sub-Saharan Africa 
(more than 24 per 100,000 men per year), and moderately high in 
Western countries (between 9 and 15 per 100,000 men per year).! 
The lowest age standardized mortality rates are experienced in 
parts of Asia, especially South-Central Asia, with less than three 
prostate cancer deaths per 100,000 men per year.' Mortality rates 
are less sensitive than incidence rates to diagnostic practices, and 
so provide a more accurate reflection of the true underlying vari- 
ation in rates of prostate cancer between countries. For example, 
despite a nearly 30% higher incidence rate among white men in 
the United States compared with the United Kingdom, 2012 age- 
adjusted mortality rates in these two countries show a higher mor- 
tality rate in the United Kingdom than the United States with 13.1 
and 9.8 deaths per 100,000 men per year, respectively. 


Temporal trends 


Much of the observed geographic variation in prostate can- 
cer incidence may be due to differences in screening practices 
and the prevalence of PSA testing, which increases early detec- 
tion of tumours and latent disease.!® Following the introduction 
of widespread PSA testing in the United States in the late 1980s, 
prostate cancer incidence increased by 100% over a seven-year 
period, reaching a peak incidence in 1992 (in excess of 100 cases 
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Fig. 6.1.1 Age standardized prostate cancer incidence rates by world area. 


Source: data from GLOBOCAN 2012 Estimated Cancer Incidence, Mortality and Prevalence Worldwide, International Agency for Research on Cancer (IARC) Cancer. Lyon, France, Copyright © 2017 
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Fig. 6.1.2 Age standardized prostate cancer mortality rates by world area. 
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Fig. 6.1.3 European age standardized incidence rates per 100,000 men in the United Kingdom. 


Source: data from Cancer Research UK, available from http://www.cancerresearchuk.org/health-professional/cancer-statistics 


per 100,000 population per year!?) and subsequently declined 
to 85 cases per 100,000 population per year in 2008, as the pro- 
portion of prevalent cases diminished.!” Similar incidence trends 
have been observed in countries with high uptake of PSA testing, 
such as Australia and Canada. In the United Kingdom, incidence 
rates increased more gradually between 1993 and 2009, which 
may reflect the lower prevalence of PSA testing, with only 6% 
of men aged 45-84 years tested in 2002? compared with 57% in 


the United States,?! and 34% in Canada”? in 2001 (see Fig. 6.1.3 
for the temporal trend in prostate cancer incidence in the United 
Kingdom). 

Prostate cancer mortality in most developed countries has been 
decreasing over the past 10 years,! as illustrated for the United 
Kingdom in Figure 6.1.4. The reasons for this decrease are not 
well understood, and may include general improvements in treat- 
ment and medical care, as well as earlier diagnosis of disease. The 
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Fig. 6.1.4 European age standardized mortality rates per 100,000 men in the United Kingdom. 
Source: data from Cancer Research UK, available from http://www.cancerresearchuk.org/health-professional/cancer-statistics 


role of PSA testing in mortality reduction has been contentious; 
a European trial???4 reported a 20% reduced rate of death from 
prostate cancer in the arm screened with PSA, which was main- 
tained after extended follow-up. In contrast, a large randomized 
controlled trial in the United States?” reported no reduction in 
mortality with PSA testing after 10 years of follow-up, but had 
low power to detect an effect of organized screening because 
of high rates of PSA testing in the control arm of the trial. In 
contrast to the downward trend observed in Northern America, 
Western and Northern Europe, and Australia, mortality appears 
to be increasing in Eastern Europe and several Asian countries, 
including Japan.*° This increase may be related to changes in 
exposure to environmental risk factors, such as the increasing 
adoption of a Western lifestyle and corresponding changes in 
dietary habits which may influence the progression of prostate 
cancer. 

While some of the variation in incidence and mortality rates 
between countries and over time is attributable to differences in 
screening and diagnostic practices,?”8 access to healthcare, treat- 
ment practices, and death certificate reporting,?*° the magnitude 
of the difference (with a more than a fivefold variation in mortality 
rates between high- and low-risk countries) suggests that exposures 
to either lifestyle, environmental, and/or genetic factors must play 
an important part in the development of prostate cancer to a clin- 
ical and ultimately fatal form. 


Risk factors 


Established risk factors for prostate cancer 


Advanced age,*! African ethnic origin,>2*> a family history of dis- 
ease,*4~4! and genetic factors are the only well-established risk 
factors for prostate cancer. Nonetheless, there is much interest in 
the role of endogenous hormones, diet, and other lifestyle factors 
in relation to prostate cancer risk. 


Age 
Worldwide, very few cases of prostate cancer occur in men aged 
less than 50 years, but incidence and mortality rates increase 


exponentially with age. In 2008, worldwide age-specific rates 
per 100,000 population per year were 1.2 in men aged 40-44 but 
rose to 4.9, 19.1, 51.8, 114.6, 204.6, 293.2 for each successive five- 
year age group, with the highest rate of 392.1 in men 75 years or 
older. 


Ethnicity 


The incidence of prostate cancer in American black men is 50-60% 
greater than that for American white men.‘ Between 2002 and 
2006, the prostate cancer incidence was 146.3 and 231.9 cases per 
100,000 population in whites and blacks, respectively, although 
this may be an underestimate of the difference because PSA test- 
ing uptake is lower in black men.*° Incidence rates of prostate 
cancer in black men living in the Caribbean are lower than those 
observed in American black men—but the extent to which this 
difference reflects a true lower risk or less case ascertainment 
via PSA testing is difficult to determine. Data on prostate can- 
cer incidence are available for parts of Africa and vary substan- 
tially, with generally higher rates in western and southern Africa 
than in northern and eastern Africa. In a study conducted in the 
United Kingdom, higher rates of prostate cancer were observed 
in black (166; 95% CI 151-180 per 100,000 population per year) 
than in white men (56.4; 95% CI 53.3-59.5 per 100,000 popula- 
tion per year) and the higher risk in black men compared with 
white men was more apparent in younger age groups (p hetero- 
geneity <0.0001).** 

Prostate cancer mortality rates are generally high in predomin- 
antly black populations, with age standardized mortality rates of 26 
and 18 per 100,000 population per year in the Caribbean and sub- 
Saharan Africa, respectively, while rates less than 4 per 100,000 per 
year are observed in eastern Asia.*4 Furthermore, the CONCORD 
study of global cancer mortality found that among 628,000 men 
in 31 countries diagnosed with incident prostate cancer during 
1990-1994 and followed until 1999, the age standardized five-year 
survival rate for prostate cancer was lower in blacks (85.8%) than 
in whites (92.4%).4” In the United States, this disparity may reflect 
to some extent inequality in access to and uptake of healthcare, as 


black men are less likely to be diagnosed with localized prostate 
cancer than white men. 

The mechanisms underlying these differences between ethnic 
groups are unclear. A range of lifestyle factors has been exam- 
ined, but so far the difference in observed risk for prostate cancer 
between whites and blacks has not been shown to be explained 
by lifestyle, including diet.48 However, genetic susceptibility may 
vary between ethnic groups. For example, an increased genetic 
susceptibility and different levels of androgen hormone activity 
within the prostate may contribute to the increased risk in black 
men,*? and a genome-wide association study (GWAS) detected 
a marker of increased risk for prostate cancer on chromo- 
some 17q21 that appears specific to men of African ancestry.*? 
Furthermore, a GWAS of prostate cancer in a Japanese popu- 
lation”? identified five new susceptibility loci (not identified in 
white populations) on chromosomes 2p24, 5p15, 6p21, 6q22, and 
13q22. While these findings highlight the potential heterogeneity 
of prostate cancer susceptibility between ethnic groups, the bio- 
logical contribution of these alleles to prostate cancer risk is not 
well understood. 


Family history and genetic factors 


There is clear evidence from studies of familial aggregation of 
cancer that inherited genes are important in the development of 
prostate cancer.3®-4! Evidence from twin studies suggests that the 
heritability of prostate cancer is approximately 40%, which is high 
compared to other types of cancer.3” 

Men with a first-degree relative (e.g. father, brother) with pros- 
tate cancer have incidence rates at least 2.5 times greater than men 
without a first-degree relative with the disease, and risk appears 
to increase with an increasing number of affected family mem- 
bers.383? Furthermore, family history of prostate cancer is associ- 
ated with a higher relative risk in men aged less than 65 years than 
in men aged 65 years or older at diagnosis.38-4 There is also some 
evidence to suggest that having a brother with prostate cancer con- 
fers a higher risk than a father with disease,** although differences 
in detection rates may cause some bias in these studies because 
men with a family history of prostate cancer have increased diag- 
nostic activity.>! 

It is likely that genetic susceptibility to prostate cancer is related 
to the presence of a few rare inherited genetic variants that con- 
fer high risk and of multiple common low to moderate risk poly- 
morphisms.” As yet, the single genetic risk factor for prostate 
cancer with the largest magnitude of effect is a rare deleterious 
germline mutation of the BRCA2 gene, first identified in fami- 
lies with a history of early-onset of breast cancer, which confers 
an 8-fold increased risk of prostate cancer,” although due to its 
low frequency this mutation only explains a small proportion of 
the genetic susceptibility. Germline mutation in BRCA1, another 
of the breast cancer susceptibility genes, is also associated with 
an increased risk of prostate cancer, albeit of a smaller magnitude 
(3.5-fold) and is present in less than 1% of sporadic prostate cancer 
cases. There are also other rare mutations reported in the HOXB13, 
NBS1, and CHEK2 genes which are associated with an increase in 
risk for prostate cancer.4#5? 

‘The association between common genetic variation and prostate 
cancer risk has been extensively investigated in GWAS and subse- 
quent meta-analyses of GWAS data, and more than 100 common 
single nucleotide polymorphisms (SNPs) have been indentified 
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that are each associated with a modest increase in prostate cancer 
risk.4254 For men who carry large numbers of these variants, this 
genetic variation may result in substantially higher risk; based on 
the combined risks of known susceptibility loci, it has been esti- 
mated that men in the top 1% of the risk distribution have a 4.7-fold 
increased risk of the disease compared to the population average. 
Among the common genetic factors identified, notable loci include 
at least three distinct loci on chromosome 8 (8q24) in the vicinity 
of the C-MYC oncogene, and a SNP on chromosome 10 located 
near to microseminoprotein-B, a seminal protein that is reduced 
or absent in prostate cancer.455-®! Few of the SNPs identified to 
date however are associated differentially with risk for a diagnosis 
of aggressive disease, so while a score based on the combined risks 
associated with the known susceptibility loci predicts risk for pros- 
tate cancer overall, it does not facilitate population risk stratification 
for aggressive disease.*? 

Estimates suggest that the genetic variants identified so 
far can explain about 30% of the familial risk of prostate 
cancer.4,5056-60,62 Thus, there appears to be considerable miss- 
ing heritability, for which postulated explanations include: rarer 
variants with greater penetrance that are not adequately captured 
using existing genotyping arrays; gene-gene interactions; and 
shared environmental determinants among relatives that are not 
adequately measured. 


Putative risk factors for prostate cancer 


Sex hormones 


It has long been suspected that variation in lifetime exposure to 
endogenous androgen sex hormones might contribute to inter- 
individual and ethnic differences in prostate cancer risk. Sex 
hormones are known to play an essential role in normal prostate 
development and growth®™ and use of finasteride or dutasteride, 
treatments which block the conversion of testosterone to its more 
active form, dihydrotestosterone (DHT), leading to lower levels 
DHT in the prostate, reduces prostate cancer incidence by up to 
25% (although this reduction is only for low-grade disease, not 
high-grade disease). °° This evidence strongly suggests a role for 
androgens in prostate cancer development. However, in epidemio- 
logical studies, results from a pooled analysis of prospective data 
of the association of circulating sex hormones and prostate cancer 
risk do not support an association with mid-adulthood circulating 
androgen concentrations, within the normal physiological range.67 
Furthermore, evidence from investigations of polymorphisms of 
the candidate genes that influence androgen metabolism and action 
do not shown any clear associations.68-7° Although the available 
epidemiological studies have not demonstrated a link between 
androgens and prostate cancer risk, further data are required to 
examine whether there may be some reduction in the risk in men 
with particularly low androgen levels. 


Insulin-like growth factor-l 


Insulin-like growth factors (IGFs) and their associated binding pro- 
teins have been the subject of considerable investigation in relation 
to cancer because of their role in the regulation of cell proliferation, 
differentiation, and apoptosis.”! A pooled analysis of individual 
participant data found that high IGF-I concentrations (within the 
normal physiological range) are associated with increased risk of 
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IGF-I and prostate cancer risk (Roddam et al, 2008). 
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Fig. 6.1.5 Odds ratios for IGF-I and risk of prostate cancer. 


Reproduced from Gerald L. Andriole et al, ‘Prostate Cancer Screening in the Randomized Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial: Mortality Results after 13 Years of 


Follow-up’ Journal of the National Cancer Institute, Volume 104, Issue 2, pp. 125-32, Copyright © 2012, by permission of Oxford University Press. 


prostate cancer (OR 1.38; CI 95% 1.19-1.60; p trend <0.001; in the 
highest vs. lowest quintile)’? as shown in Figure 6.1.5. The asso- 
ciation between higher IGF-I concentration and prostate cancer 
risk does not differ significantly by cancer stage which supports 
a role for IGF-I in the progression of prostate cancer, conceivably 
via established mitogenic and anti-apoptotic mechanisms.” There 
was no significant difference in the association of IGF-I with pros- 
tate cancer by grade of disease, although the results suggested that 
risk might be restricted to low-grade disease,’”* which is consistent 
with more findings from two further large prospective studies”4; 
however, these results should be interpreted with caution due to 
small numbers of cases in the high-grade subgroup and the poten- 
tial for misclassification error due to changes in grading practices 
over time.!!-3 

IGF-I appears to be important for the development of prostate 
cancer, but more research is needed to clarify the nature of the 
relationship. Most of the IGF-I circulating in the blood is bound 
to six binding proteins, but the influence of these binding proteins 
is not fully understood. There may also be differences in the rela- 
tionship according to the method of detection of prostate cancer. 
For example, while the pooled meta-analysis of prospective studies 
showed a clear association of IGF-I with risk, a large case-control 
study of approximately 3,000 screen detected cases and 3,000 con- 
trols in the United Kingdom found no association between total 
IGF-I concentration and the risk for PSA-detected prostate can- 
cer.’> It is possible that the differences between the results of the 
meta-analysis and those of this study of screen detected prostate 
cancer’? reflect a role of IGF-I in disease progression rather than 
initiation. 


Diet 

The hypothesis that a Western-style diet may be a risk factor for 
prostate cancer emerged in the 1970s, as it was evident that the 
incidence of several cancers (colorectal, breast, endometrial, and 
prostate) was greater in Western countries than in Asian countries 
where diets were much lower in animal products, fat, and sugar.’° 
There is also some evidence from migrant studies?”~7 that pros- 
tate cancer rates in successive migrant generations shift upwards in 
the direction of the prevailing rates in the host country. However, 
the absence of significant differences in latent prostate cancer rates 
between Hawaiian Japanese and those living in Japan, suggested 
that the role of diet (and other environmental factors) in cancer 
development may concern cancer progression rather than initi- 
ation of disease.® 


Subsequently, prospective studies have examined the role of diet 
in risk for prostate cancer but definite associations for specific foods, 
nutrients, or other dietary factors have not been established. Many 
studies have examined the possible roles of animal products includ- 
ing meat and dairy foods. The results have generally not implicated 
meat, but there is a moderate amount of evidence suggesting that 
high intakes of milk and other dairy foods might increase risk.8° 
Further research is needed on this, because high intakes of milk 
can increase circulating IGF-I,*! which itself is positively associ- 
ated with prostate cancer risk (see Fig. 6.1.5). Dairy foods are also a 
rich source of calcium, and ofa branched-chain fatty acid, phytanic 
acid, which has been suggested as a possible risk factor for prostate 
cancer, although the sparse data on this fatty acid do not clearly 
support this hypothesis.®* 

Prospective studies and a few clinical trials have also investigated 
the possible roles of several micronutrients and other plant constit- 
uents. These chemicals have been hypothesized to influence the risk 
of prostate cancer through various mechanisms, such as through 
protecting against oxidative damage to the DNA, or improving the 
integrity of DNA. Overall the results from this area of research are 
somewhat inconsistent and no convincing associations have yet 
emerged. For carotenoids, randomized controlled trials have pro- 
vided substantial, consistent evidence that supplements of B-caro- 
tene do not alter the risk for prostate cancer. Lycopene, a carotenoid 
which is not a vitamin and is primarily obtained from tomatoes, has 
been associated with a reduced risk in some observational stud- 
ies, but the data overall do not show a definite association. For B 
vitamins, the results of observational studies of folic acid are incon- 
clusive and a meta-analysis of randomized controlled trials of folic 
acid supplements showed no effect on prostate cancer incidence in 
the folic acid supplement groups.®* There has been considerable 
interest in whether vitamin D might have a general anti-cancer 
effect, but this hypothesis has now been examined for prostate can- 
cer in several observational studies and the results overall are so far 
null.84 For vitamin E and selenium, some early studies suggested 
that there might be protective effects, but a trial has shown no bene- 
fit of supplementation with selenium and vitamin E,®° and another 
trial demonstrated no effect of vitamin E (or vitamin C) on risk of 
prostate cancer.86 


Alcohol 

Alcohol is a major cause of many cancers, alongside tobacco, obesity, 
and chronic infections,*” with a linear dose-response relation evident 
for oral, laryngeal, and oesophageal cancers.88 Alcohol might affect 


the risk for prostate cancer through various mechanisms, such as the 
potentially mutagenic metabolite acetaldehyde or through hormonal 
effects, but extensive evaluation of the association between alcohol 
intake and risk for prostate cancer by more than 20 cohort studies 
does not show convincing evidence of a relation.®? 


Tobacco 


Tobacco smoking is an established risk factor for many cancers 
in both men and women, but there is no convincing evidence 
for an association between tobacco smoking and prostate cancer 
incidence. In excess of 20 prospective cohorts have examined the 
association between current smoking and risk for prostate cancer 
and the majority report a null association. However, there is some 
evidence to suggest that high tobacco consumption (greater than 
a pack per day) via smoking increases the risk of death related to 
prostate cancer, 152091 


Anthropometric measures 


Many studies have investigated whether anthropometric factors 
such as height and body mass index (a measure of fatness) are 
related to prostate cancer risk. For height, studies are fairly consist- 
ent in showing a small positive association, with a slightly higher 
risk of prostate cancer among taller men than shorter men.” There 
is also some evidence that the increased risk in taller men is greater 
for high-grade prostate cancer. The mechanism for this association 
is not known, but it might involve taller men having a larger pros- 
tate with more cells at risk for cancer, and/or taller men having 
greater exposure over their lifetime to growth promoting factors 
such as IGF-I. 

Obesity increases the risk for several types of cancer; for cancers 
of the breast and endometrium in women, the mechanism is prob- 
ably increased oestrogen production, whereas for other cancers the 
mechanism is not clear. For obesity and prostate cancer, individual 
studies have appeared somewhat inconsistent but meta-analysis has 
shown that, on average, obesity is very weakly associated with an 
increased risk of prostate cancer. The risk is, on average, around 
10% higher in obese men than in non-obese men” and the risk in 
obese men appears to be particularly for diagnosis with advanced 
cancer.*> While the reason for this weak association with risk for 
advanced cancers is not known, it is possibly partly due to the effect 
of a later diagnosis in obese men. 


Physical activity 


High levels of physical activity might reduce cancer risk by vari- 
ous mechanisms, such as hormonal changes, as well as by reducing 
obesity. For prostate cancer, although there is some evidence sug- 
gesting that relatively high levels of physical activity may reduce 
risk,*° expert review panels have concluded that the evidence is not 
sufficient to show a definite effect.8° Even a modest reduction in 
risk could be important for public health, therefore more research 
is required on this topic and on possible mechanisms through 
which physical activity may alter risk. 


Sexual activity and sexually transmitted infections 


Sexual activity has been hypothesized to play a role in the devel- 
opment of prostate cancer, but epidemiological data are mainly 
from case-control studies which are prone to bias, particularly 
for recall of sexual behaviour in men with prostate cancer and for 
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participation of healthy men as controls.?” To date, prospective 
data have not shown any clear association between sexual activity 
and risk for prostate cancer.’ As with sexual activity, most of the 
data on sexually transmitted infections and risk of prostate can- 
cer are from case-control studies and subject to the limitations of 
this design. While a meta-analysis of 29 case-control studies found 
a significantly higher risk of prostate cancer for men with a his- 
tory of any sexually transmitted infection,” further investigation 
is needed on this topic, by using prospectively collected data and 
blood samples to better understand the nature of the association. 
So far, studies based on serological evidence of previous infection 
with agents such as human papillomavirus or Trichomonas vagi- 
nalis have not shown clear evidence of an association with prostate 
cancer risk, 100-101 


Vasectomy 


The biological hypothesis for a role of vasectomy in prostate 
cancer development relates to the possible effects the procedure 
may have on circulating sex hormone levels, although there is 
no conclusive evidence from prospective studies to support any 
significant differences in hormone levels between vasectomized 
and non-vasectomized men. Although a few studies have shown 
a higher risk for prostate cancer in men who had had a vasectomy 
than men who had not,!0?-! the bulk of the evidence has shown 
no association. 104-106 


Diabetes 


Many studies have suggested that, while diabetes has been associ- 
ated with an increase in the risk for several types of cancer, men 
with diabetes might have a slightly reduced risk of prostate can- 
cer. In a meta-analysis, the results from 29 cohort studies showed 
a statistically significant 13% lower risk of prostate cancer in men 
with diabetes than in non-diabetics.!°” The reason for this associ- 
ation is not clear. It is possible that hormonal changes in diabetes 
cause a lower risk for prostate cancer, but it is also possible that the 
association is due to confounding by other factors, such as a lower 
detection rate in diabetes due to a lower level of PSA.1°8 


Conclusions 


Prostate cancer risk rises sharply at older ages, is high in men with 
black African ancestry, and is high in men with a family history 
of the disease and with a number of inherited genetic markers. 
None of these factors can be modified, and epidemiological stud- 
ies of potentially modifiable risk factors for prostate cancer have 
produced few clear findings. Perhaps the most promising finding 
is the observation that men with relatively high circulating levels 
of IGF-I have a moderate increase in risk, although more research 
is needed on this hormone and related hormonal markers, and on 
the possibility that dietary composition might affect risk through 
insulin-like growth factor-I. Factors which are well known to 
increase the risk for many other types of cancer, and for other ser- 
ious diseases, such as smoking, excessive alcohol intake, and obes- 
ity, appear to have little effect on prostate cancer risk. However, 
with future research focused on determining the relationships of 
environmental factors with the risk for clinically significant pros- 
tate cancer it is possible that important modifiable risk factors will 
be discovered. 
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CHAPTER 6.2 


Molecular biology 
of prostate cancer 


Ines Teles Alves, Jan Trapman, and Guido Jenster 


Introduction to the molecular 
basis of cancer 


The functional unit of life is the cell and the genetic information 
is transferred to daughter cells via its DNA. This is also true in 
tumours, which derive from an abnormal cell by accumulated DNA 
mutations, transferring these mutations to progeny cells. Cancer is 
a disease of DNA and RNA. Each human cell contains about two 
times 3.2 billion base pairs, divided over the 22 chromosome pairs 
and two X chromosomes in females or X, Y in males. About 30,000 
genes encoded by the human genome are responsible for the vari- 
ous cellular functions, mainly executed by the proteins encoded 
by the ~21,000 protein coding genes.! About 40% of the genome 
consists of genes, but only ~1.5% of the genome (the exons) will be 
transcribed to mRNAs and subsequently translated to proteins. It is 
unlikely that a random single change in a base pair will influence 
the properties of the host cell. The chance of effective mutations 
in the right combination of genes needed for tumour initiation is 
extremely small. However, with a lifelong accumulation of DNA 
damage and 10-50 billion cells in our body, in the long term the 
development of a tumour seems inevitable. 

‘There are various types of DNA changes (mutations) that affect 
the function or expression of genes: 


+ Deletion. Loss of one copy of the DNA (in one copy of a chromo- 
some pair) is referred to as loss of heterozygosity (heterozygos- 
ity is the presence of two different copies of a genomic region in 
the two chromosomes). Complete loss of two copies of a specific 
chromosomal region is called a homozygous deletion. 


+ Amplifications. This can vary between short or long duplications 
of a chromosomal region to tens of additional copies (high-level 
amplification). 


¢ Translocations refer to exchange of DNA fragments within or 
between chromosomes. 


+ Insertions. Additional base pairs can be inserted due to repli- 
cation mistakes, but also viral DNA or genomic integration of 
amplified DNA are covered by this term. 


+ Base pair changes are defined when one or more bases are differ- 
ent without loss or gain. If the same base pair change is observed 
in >1% among normal healthy individuals, it is called a common 
variant single nucleotide polymorphism (SNP). If it is less fre- 
quent, it is named a rare variant. The change is called a mutation 
if it is unique for the genome of a tumour, and not present in the 
DNA from healthy cells of the same individual. 


The type of DNA change can have specific effects on the properties 
of the mutated genes. The genes that cause cancer are classically 
divided into two types: 


 Oncogenes are genes generally encoding tumour growth stimu- 
lating proteins. A single mutation in one gene copy is enough to 
activate its oncogenic function. Amplifications are typically asso- 
ciated with oncogenes, but base pair changes and translocations 
can also cause activated oncogenes or oncogenic fusion genes. 


+ Tumour suppressor genes generally encode proteins that inhibit 
tumour growth. In order to stop full activity of inhibitory func- 
tions, it is almost always necessary to inactivate both gene cop- 
ies. The type of DNA change typical for tumour suppressor genes 
is DNA deletion. Often, one copy is lost by deletion, while the 
second copy might be inactivated by base pair changes. Genetic 
alterations that predispose to tumour development are found in 
some hereditary cancer syndromes such as Li-Fraumeni syn- 
drome (P53 mutations), hereditary breast and ovarian cancer 
syndrome (BCRA1/2 mutations), Cowden disease (PTEN muta- 
tions), and Von Hippel-Lindau disease (VHL mutations). In 
these syndromes, one copy of an inactivated tumour suppressor 
gene is present in the genome of all cells (germline) and therefore 
inherited, greatly increasing the chance of developing cancer. 


The DNA changes described above are permanent alterations. 
However, chemical base pair modification can also occur and 
although reversible, can be quite stable and copied from parent to 
daughter cell (known as epigenetic alterations). An important epi- 
genetic modification associated with cancer is DNA methylation. 
The frequent addition of a methyl group to cytosine in cytosine- 
guanine rich regions (referred to as CpG islands) located in pro- 
moter regions, will typically inhibit transcription of these genes. 
DNA methylation is therefore an alternative mechanism to turn off 
tumour suppressor genes. 


Hallmarks of cancer 


Overcoming a series of cellular and bodily processes is thought to 
be necessary for the progression from a normal cell to a cancer cell. 
These may arise through genetic (mutation etc.) or epigenetic (e.g. 
DNA methylation, histone modification) means and include*: 


+ Self-sufficiency in growth signals 
+ Insensitivity to anti-growth signals 
+ Resistance to cell death 


+ Tissue invasion and metastases 
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¢ Limitless potential to replicate 
+ Inducing angiogenesis 
+ Evading the immune system 


Late stage tumours have acquired all of these hallmarks. The methods 
used to acquire each hallmark will vary between cancers and in indi- 
viduals, and reflect inherited or acquired pro-carcinogenic events and 
individual features for each cancer. The pathway of acquiring these 
hallmarks is often called the Vogelstein model, after one of the first 
proponents (Fig. 6.2.1).5 Almost all cells in our body are fully differ- 
entiated, and specialized to perform a limited number of tasks. These 
terminally differentiated cells have usually lost their potential to grow 
and so are unlikely to be the cells from which tumours develop. Tissue 
stem cells and precursor cells (to the differentiated mature cells) pos- 
sess the capacity to divide and may be the origin of cancer. Except 
for the sporadic stem cells, all other cell types can only divide about 
10-30 times when activated. During each DNA replication cycle, the 
chromosome ends (telomeres) are shortened. Only stem cells and can- 
cer cells can repair this by expressing the enzyme telomerase. In the 
absence of support factors, normal cells will stop dividing and become 
dormant (often by a process referred to as senescence) before they 
eventually die, in response to shortening telomeres. Many processes 
in the cell including the cell cycle, DNA damage response, protein 
expression, and energy metabolism include checkpoints to monitor 
potential harmful changes. Upon a challenge (e.g. DNA damage, too 
many incorrectly folded proteins), normal cells halt ongoing processes 
(stop dividing, stop transcription and translation, and so on) to start 
repair mechanisms, and if repair is impossible, initiate a programmed 
cell death programme (apoptosis). Through random mutation and 
selection, cancer cells have typically mutated genes involved in these 
checkpoints to circumvent senescence and avoid apoptosis. 

In prostate cancer (PCa), many common gene mutations are dir- 
ectly linked to adaptation of the hallmarks (Fig. 6.2.1). The andro- 
gen receptor (AR) pathway becomes and remains the major growth 
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HOXB13 


} 
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stimulatory and anti-apoptotic cascade, partly by regulating the 
TMPRSS2-ERG fusion gene. Self-sufficient growth and resistance 
to cell death is further accomplished by loss of the tumour suppres- 
sor PTEN and amplification of the c-MYC oncogene. The tumour 
suppressor P53 can be altered to eliminate cell cycle arrest and pre- 
vent apoptosis.° 


Major signalling pathways affected 
in prostate cancer 


Major pathways targeted by mutations in PCa 


In years, the knowledge of molecular mechanisms of prostate can- 
cer (PCa) growth and the role of individual genes and signalling 
pathways in this process has rapidly increased. This knowledge is 
crucial for improvement of diagnosis and prognosis, and to offer 
patients more specific therapies. Like other cancers, PCa devel- 
opment and progressive growth is driven by an accumulation of 
variable numbers of genetic alterations in the cancer cell genome 
(Fig. 6.2.1).7 Moreover, it is becoming increasingly clear that epi- 
genetic events, including the microenvironment of tumours, con- 
tribute substantially to regulation of tumour growth. 
Approximately 5% of PCa cases have a familial history. Until 
it was hardly possible to identify the hereditary alterations in the 
DNA, which are associated with tumour development. However, 
novel molecular technologies can now be instrumental to inves- 
tigate this problem. Genetically, sporadic PCa shows a character- 
istic pattern of chromosomal alterations. Most frequent changes 
are loss of the complete, or part of the short arm of chromo- 
some 8 (8p), and losses of large regions of chromosome arms 6q, 
13q, and 16q. Additionally, in late-stage PCa amplification of 8q 
is frequently observed. In the affected chromosomal regions, 
many candidate tumour suppressor genes and oncogenes are 
located. In most cases, it is difficult to pinpoint exactly which of 
the genes or combination of genes are most important in tumour 
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Fig. 6.2.1 Evolution of prostate cancer. The development of high-grade prostatic intraepithelial neoplasia (HGPIN) and subsequent organ-confined prostate cancer is 
driven by genomic mutations. The presence of germline risk alleles such as BRCA1/2 and gene polymorphisms increase the chance of developing prostate cancer. One 

of the first genomic events observed in the cancer cells is the fusion between TMPRSS2 and ERG in about 50% of all tumours. Subsequent mutations include the loss of 
one PTEN allele and amplification of -MYC on chromosome 8q24. In late stage tumours, the second PTEN allele is lost and P53 mutations are observed. After hormone 
therapy, androgen receptor (AR) amplification and mutations are observed in castration-resistant prostate cancer (CRPC). Recently, sequencing efforts identified SPOP as 


a mutated gene in late-stage cancers. 


development, but it is well established that overexpression of 
c-MYC oncogene on 8q is involved in a large percentage of late 
stage prostate cancers. 

Additional to large chromosomal regions, three small genomic 
regions on 10q, 21q, and Xq, respectively, are frequently altered 
in PCa. Here, the genes important in PCa can easily be identified. 
These are the tumour suppressor gene PTEN, the TMPRSS2-ERG 
fusion gene, and the AR. 

In early stage PCa, one copy of PTEN is frequently lost; in late- 
stage cancer both copies of the gene can be inactivated. PTEN is a 
phospholipid phosphatase that counteracts phosphoinositol-3-kin- 
ase (PI3K).® PI3K is activated by receptor tyrosine kinases, and fol- 
lowing PI3K activation the phospholipid PIP2 can be modified to 
PIP3. PTEN catalyses the opposite conversion, PIP3 to PIP2. High 
concentrations of PIP3 in the cell lead to activation of the kinase 
AKT. Activation of this important PI3K/AKT signalling pathway 
affects many molecular and biological processes in the cell, includ- 
ing protein synthesis, cell proliferation, apoptosis, polarity, and 
metabolism. The PI3K/AKT pathway cannot only be activated by 
PTEN inactivation, but also by direct activation of PI3K or AKT. 
Remarkably, although occurring frequently in other tumour types, 
these alterations are rare in PCa (Fig. 6.2.2). 


The androgen receptor pathway in prostate cancer 


Dihydrotestosterone (DHT) is essential for development, main- 
tenance of the structure, and function of the prostate. DHT is 
synthesized in the prostate by metabolism of testosterone (T) by 
the enzyme 5-alpha-reductase. DHT mediates its function by 
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activation of the AR, a member of the family of nuclear receptors, 
which are ligand-dependent transcription factors. Upon binding of 
DHT the androgen receptor (AR) translocates from the cytoplasm 
to the nucleus. There it modulates gene expression by binding to 
specific DNA sequences, androgen response elements, in the pro- 
moter/enhancer regions of target genes (Fig. 6.2.2). 

In the normal prostate, AR expression is high in the luminal epi- 
thelial cells and absent in the basal epithelial cells. In stromal cells, 
the level of AR expression is variable. It is generally accepted that 
AR in stromal cells is most important during prostate development, 
and AR in luminal cells for prostate function. Hundreds or even 
thousands of genes in the prostate are regulated by the activated 
AR. PSA (prostate-specific antigen; official symbol KLK3), which 
is exclusively expressed in the luminal epithelial cells, is considered 
as the prototype of a tightly androgen-regulated gene. Castration 
has a dramatic effect on the normal prostate and results not only in 
modified gene expression, but also in enhanced apoptosis. 


The TMPRSS2-ERG gene fusions in prostate cancer 


The AR is vital for the development and function of the normal 
prostate and for growth of PCa. For a long time, it was unknown 
which AR-regulated genes were involved in tumour growth. In 
2005, Tomlins et al. showed the presence of unique recurrent 
gene fusions between the TMPRSS2 gene and ETS family mem- 
bers ERG and ETV1 in prostate cancer.? Due to the gene fusion, 
the androgen-regulated TMPRSS2 now controls the expression of 
the ERG or ETV1 oncogene, having a large impact on androgen- 
dependent growth and survival of prostate cancer. 


NUCLEUS 


TRANSCRIPTION 
REGULATION 


Fig. 6.2.2 The PTEN/PI3K/AKT and AR pathways. Prostate cancer (PCa) development and progression is driven by many different pathways of which two play a 
dominant role. The AR is activated by the androgens testosterone (T) and dihydrotestosterone, after which the AR binds as a dimer to promoter and enhancer regions of 
target genes. One of the target genes is TMPRSS2, which is frequently fused to ERG in PCa, thereby regulating the ERG oncogene in an androgen-dependent manner. The 
PTEN/PI3K/AKT pathway is activated by various growth factors. At the inner cell membrane, activated PI3K eventually results in phosphorylation and activation of AKT 
(p-AKT). Loss of PTEN results in an increased and persistent activation of AKT. Both cascades support cell survival and cell growth and mutations (frequent PTEN loss, 
rare PI3K and AKT mutations, AR amplification and mutations, TMPRSS2-ERG fusion) affect these pathways frequently. 
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TMPRSS2 and ERG are located on chromosome 21 approxi- 
mately 3 Mb apart and have the same gene orientation. Mostly, 
TMPRSS2-ERG fusions are frequently accompanied by loss of 
the entire chromosome 21 sequence between TMPRSS2 and ERG 
genes (interstitial deletion).!° TMPRSS2-ERG has been found as 
the most common type of ETS gene fusion in PCa, with a fre- 
quency of approximately 50% across more than 1,500 organ- 
confined PCa samples.!! In the PCa precursor lesion, high-grade 
prostatic intraepithelial neoplasia (HGPIN), the frequency was 
approximately 20%.1>13 Additional ETS gene fusions have subse- 
quently been identified involving not only ERG and ETV1 but also 
ETV4,'4 ETV5,!° and FLI1.16 The frequency of these variants is 
much lower compared to ERG rearrangements, but still accounts 
for 2-5% of all ETS gene fusions found in PCa. In the normal situ- 
ation, members of the ETS transcription factor family bind specific 
DNA sequences regulating the expression of nearby genes. They 
are believed to play a role in self-renewal-associated proliferation 
and normal morphogenesis.!”!8 The presence of ETS gene rear- 
rangements in precursor lesions such as HGPIN suggests that ETS 
gene fusions have a causal role in the initial steps of PCa devel- 
opment.!9 Still, it is not yet understood how ETS gene rearrange- 
ments are indeed capable of initiating prostate tumorigenesis, 
whereas its role in mediating progression towards more aggressive 
disease is well accepted?! 


Therapeutic targeting the androgen 
receptor pathway 


More than 70 years ago, the beneficial effect of androgen ablation 
by castration on advanced PCa was described.” Medical or surgical 
castration, aiming at inhibition of T and DHT production, has been 
the treatment of choice of metastatic PCa. Additional to castration, 
antiandrogens (e.g. flutamide and bicalutamide) which compete 
with DHT for AR binding, but do not activate AR, were added to 
the large panel of different endocrine treatments. After a few years, 
essentially all tumours become refractory to endocrine therapy, and 
a resistant tumour emerges (castration-resistant prostate cancer 
(CRPC)). It turned out that CRPC still shows high expression of AR 
and AR target genes, including TMPSS2-ERG, indicating that AR is 
still important in this stage of the disease. However, the molecular 
mechanism of CRPC is complex, and might additionally to ERG, 
include a spectrum of many more genes for which the AR regula- 
tion has been altered.?° 

During the last decades, a wide variety of mechanisms of escape 
from endocrine therapy have been described.” It is now well estab- 
lished that in a proportion of CRPC (estimated 30%) AR on Xq is 
amplified, resulting in overexpression of AR mRNA and protein. 
Overexpressed AR can still be activated by low concentrations of 
androgens, or by androgens with low affinity for AR produced 
by the adrenal gland. In addition, there is evidence that overex- 
pressed AR can function independent of an agonistic steroid lig- 
and. Another way of AR activation in CRPC is by AR mutation. The 
best-known mutation in AR is the threonine to alanine substitution 
in the AR ligand-binding domain, which allows the antagonist OH- 
Flutamide to display agonistic activity. More it was postulated that 
in CRPC constitutive active AR variants lacking the ligand-binding 
domain are present and can modify AR regulated gene expression. 
Moreover, evidence was provided that CRPC cells itself are able to 
synthesize T and DHT or are able to convert adrenal androgens 
to DHT. 


In years, two novel endocrine therapies have been approved for 
CRPC treatment.?° One of the compounds marketed, enzaluta- 
mide or MDV3100, is related to more classical antiandrogens. Like 
other antiandrogens, it blocks AR function by competing with 
DHT for AR binding. However, enzalutamide also delays nuclear 
transport of AR. Although enzalutamide has been approved for 
treatment of CRPC patients following chemotherapy with doc- 
etaxel, at the moment there is no reason to believe that it is not 
effective in earlier stages of PCa. The second novel therapeutic 
compound is abiraterone acetate. This molecule inhibits the func- 
tion of CYP17A1, a key enzyme of the DHT synthesis pathway. 
Abiraterone acetate not only inhibits T synthesis in the testis but 
also the synthesis of adrenal androgens. Abiraterone acetate is 
beneficial in late-stage PCa patients resistant to docetaxel ther- 
apy. Abiraterone acetate is given in combination with prednis- 
one to reduce its side effects, which seem more severe than for 
enzalutamide. 


Technology developments 
and emerging markers 


Increasing knowledge of the molecular biology of PCa and break- 
throughs in various technologies form the basis of the discovery 
of novel markers and therapy targets. The technologies advanced 
tremendously in the ability to measure more of the DNA, RNA, 
and protein content of each individual tumour (high-content) and 
allow analysis of more samples at the same time (high-throughput). 
These type of studies are referred to as ‘“-omics’; for DNA, RNA, 
and protein analyses, genomics, transcriptomics, and proteomics, 
respectively. 


Genomics and transcriptomics 


Miniaturization of assays has been the main driving force for the 
high-content detection of RNA and DNA using array technolo- 
gies and next generation sequencing (NGS). Microarrays can be 
used as a read-out system for gene expression by hybridizing pro- 
cessed RNAs or for changes in DNA copy number by hybridizing 
genomic DNA, referred to as array CGH (comparative genomic 
hybridization). Only massive parallel sequencing techniques 
have become affordable and a more comprehensive alternative 
to array-based analyses. Sequencing of RNA not only identifies 
changes in gene expression, but also mutations, alternative splic- 
ing, and gene fusion events. At the DNA level, sequencing of all 
3.2 billion base pairs in human samples at high coverage is still 
challenging with respect to costs, data handling, and processing.?” 
However, since the sequencing technologies are progressing rap- 
idly, it is expected that within a few years, whole genome sequenc- 
ing can be performed in a day for a few hundred pounds. If so, the 
implementation of NGS in the clinic for mutation analysis of PCa 
will likely become reality. Using NGS, individual prostate samples 
can be screened for diagnostic and prognostic markers and ther- 
apy targets to determine on a personal basis the significance of the 
disease, the treatments to which the patient will respond, and the 
optimal order of therapies.789 


Proteomics 


Large-scale research on proteins is much more complex than gen- 
omics and transcriptomics. Instead of the four bases, proteins are 
build-up by 20 different amino acids that can also be modified in 


many different ways (e.g. phosphorylation, glycosylation). Proteins 
cannot be amplified like RNA and DNA using the polymerase chain 
reaction (PCR) and protein detection technologies, mainly based on 
antibodies, often lack sensitivity and specificity. The breakthrough 
in protein detection came with the advancements of mass spec- 
trometry (MS). This technology can accurately measure the mass of 
proteins and protein fragments and also allows for determining the 
amino acid sequence of a selected protein fragment.*? With some 
effort, hundreds to thousands of different proteins can be identified 
in tissue extracts or body fluids such as serum or urine. However, 
low abundant proteins in complex mixtures are typically difficult to 
detect using MS and in general, blood-based cancer markers other 
than PSA are present in low quantities. The implementation of MS 
technologies for marker research has not resulted in a wide range of 
novel clinically useful protein markers. Reasons are the limitations 
of MS to detect low abundant proteins and the huge variability in 
protein composition of body fluids between individuals. MS tech- 
nology is nowadays slowly improving the detection of low abun- 
dant proteins and high-throughput measurements and eventually, 
MS is expected to become a technique operational in a clinical set- 
ting for the detection of protein biomarkers. 


Current and new markers and targets based 
on our knowledge of prostate cancer biology 


For the diagnosis of PCa, a limited number of markers are 
commonly in use. These include family history, serum PSA (see 
Chapter 6.4), digital rectal examination (DRE) and imaging tech- 
nologies (e.g. MRI) that provide an indication of prostate abnor- 
malities including cancer. The final diagnosis is established by 
histopathological examination of prostate needle biopsies. The 
biopsies provide information for prognosis which includes an esti- 
mate of the extent of the cancer (number of positive cores and % 
cancer area in each core) and particularly the differentiation state 
of the cancer cells, which is graded using the Gleason score (see 
Chapter 6.3). Both the diagnosis and prognosis of PCa are far from 
perfect and there is a strong clinical need for additional markers. 

Since ETS gene fusions are the most frequent genetic abnor- 
malities found in PCa, there is considerable interest in using ETS 
fusion transcripts as diagnostic and prognostic markers.!* ETS 
fusion events are unique to cancer and their detection has high 
diagnostic value. Molecular tests to measure TMPRSS2-ERG tran- 
scripts in urine after DRE have been developed and are in the 
final stages of clinical testing. With respect to their prognostic 
value, conflicting studies report that ERG fusions are associated 
with no, favourable, and unfavourable clinical outcomes.?! It is 
unlikely that ERG overexpression by itself will be a useful prog- 
nostic marker. 


Diagnostic RNA markers 


Besides TMPRSS2-ERG, other transcript markers are making their 
way into the clinic. PCA3, a long noncoding RNA was discovered 
in 1999 as a prostate-specific molecule, upregulated in PCa.*! 
A commercial test has been developed (Progensa) to measure 
PCA3 and PSA mRNA levels in whole urine after DRE. The PCA3 
score is calculated as the ratio of PCA3/PSA mRNA x1,000. The 
diagnostic role of PCA3 has been studied in the setting of predict- 
ing biopsy outcome, mainly to prevent unnecessary repeat biopsies 
of men with previous negative biopsies but persisting elevated PSA 
levels. It was shown that PCA3 scored better than PSA alone and 
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complements established PCa risk factors such as age, PSA, DRE, 
and prostate volume, making PCA3 a strong candidate to add to 
existing risk calculators.*? 

As a prognostic marker, PCA3 has been limited in its ability to 
predict PCa stage and aggressiveness beyond established markers.3? 
Since PCa is a very heterogeneous and often multifocal disease, com- 
bining different cancer markers, such as TMPRSS2-ERG and PCA3, 
is expected to improve diagnostic accuracy. Overall, combining new 
urine biomarkers that are in the pipeline with the PCA3 score might 
significantly improve predictability of biopsy outcome.” 


Prognostic RNA markers 


Many initiatives are being undertaken to identify and validate prog- 
nostic RNA markers. Based on knowledge of changes in cell cycle 
genes in cancer, a cell cycle progression score, created from expres- 
sion levels of 31 transcripts was tested and validated.*? This profile 
requires RNA extracted from cancer tissue and should be performed 
on positive biopsies. Expression profiling of RNA isolated from 
whole blood has also been shown to separate men with CRPC in 
groups with long versus short median survival.*435 These whole 
blood profiles most likely reflect changes in blood cells and not in 
the rare circulating tumour cells (CTCs) or tumour-derived RNAs. 
Whether the prognostic power of any of these mRNA profiles persist 
in large independent validation cohorts still needs to be determined. 

Another type of RNA that received much attention for its 
regulatory role in cancer are short (~22 nt) RNAs, referred to 
as microRNAs (miRNAs). These miRNAs are rather stable and 
resistant to sample treatments (e.g. fixation, long term stor- 
age) and therefore attractive candidate markers. Several stud- 
ies have successfully indicated miRNAs as diagnostic and 
prognostic markers in tissue and blood.3®?” Like for mRNAs 
mentioned above, a tissue profile of four miRNAs ((miR-96 x 
miR-183)/(miR-145 x miR-221)) was shown to improve accur- 
acy and outperform PSA-based diagnosis and predict PCa 
aggressiveness.°® 


Emerging markers from -omics studies 


Recent large-scale NGS projects provided an overview of muta- 
tions in PCa.39-4! As expected, most frequently detected mutated 
genes were known as part of the AR pathway, PTEN/AKT axis or 
cell cycle regulatory genes. However, tens of novel mutated genes 
were identified that have a very low occurrence rate (1-3%) in PCa 
and a few new mutated genes that are more commonly affected 
(4-15%). One previously unknown common mutated gene is 
SPOP, encoding a protein that is involved in protein degradation 
and may modulate transcriptional repression. For many of these 
newly discovered mutated genes, the research on their role as 
markers and therapy targets has now been initiated. 


Exosomes 


As described above, on protein level, candidate markers have been 
discovered in PCa tissue, urine, and serum using mass spectrom- 
etry.4? Thorough independent validation of almost all of these can- 
didate markers still needs to be performed. One of the interesting 
findings from MS experiments on proteins secreted by cancer cells, 
is the finding that many of these proteins are secreted via small 
vesicles, often referred to as exosomes.*3-44 This exosomal secre- 
tory pathway is completely different from the well known endo- 
plasmic reticulum-Golgi route that proteins such as PSA follow to 
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Fig. 6.2.3 Overview of different secretion mechanisms. Proteins with an N-terminal signal peptide are translated at the rough endoplasmic reticulum and transported via 


the Golgi apparatus to the cell membrane for secretion into the milieu. 


be released from cells (Fig. 6.2.3). Exosomes are small (50-100 nm) 
vesicles which are formed by inward budding of cytoplasmic 
endosomes.*> An endosome containing exosomes is called a mul- 
tivesicular body (MVB) and when the MVB fuses with the cellu- 
lar membrane, the exosomes are secreted. Exosomes are secreted 
by most cell types, and also the normal prostate produces large 
quantities of exosome-like vesicles called prostasomes.*° Exosomes 
contain the proteins and RNAs from the cytoplasm of the cell of 
origin.4”48 This provides the unique opportunity to study the pres- 
ence and molecular properties of cancer cells by analysing the pro- 
tein and RNA content of cancer-derived exosomes. As for PSA, the 
presence of prostasomes in blood is a marker for PCa.*” 


Genome-wide association studies 
and genetic variation 


It has been known for a long time that approximatey 5% of pros- 
tate cancers are clearly linked to a family history. Genome-wide 
association studies (GWAS) using an enormous number of SNPs 
have postulated approximately 40 different chromosomal regions 
associated with hereditary PCa, indicating the presence of a gene 
(or genes) important for cancer development in these regions.°°>! 
So far, however, the number of genes convincingly associated with 
hereditary PCa is very small. Mutations in the BRCA2 gene that 
is very important in hereditary breast cancer are associated with 
a very small percentage of hereditary prostate cancer.>? Recently, 
however, it has been discovered that a specific mutation in HOXB13 
(HOXB13-G84E) is associated with approx. 5% of hereditary 
PCas.” The mutation is also present in less than 1% of PCa patients 
without a known family history. The mutation is approximtely 
10-fold more common in PCa patients than in normal controls. 
Importantly, now that rapid and affordable whole genome sequenc- 
ing is possible, more common genomic polymorphisms in heredi- 
tary PCa and in patients without a family history are expected to 
become available soon. Hopefully, this will lead to the identification 
of novel genes that at low- or high-penetrance predispose to the 
development of high-risk prostate cancer. 
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Introduction to the pathlogy 
of prostate cancer 


The incidence of prostate cancer (PCa) has risen dramatically in the 
last years. This event may be partially explained by the employment 
of digital rectal examination (DRE), serum prostate-specific anti- 
gen (PSA), and transrectal ultrasonography.! In developed coun- 
tries, PCa is the most frequent non-skin malignancy in males.! It 
is estimated that 1 in 6 males will be diagnosed with PCa during 
their lifetime, the risk of death due to metastatic PCa being 1 in 30.? 
Multiple factors contribute to the development of PCa as well as to 
its progression to an androgen-independent state?: dietary factors, 
inherited susceptibility factors, gene defects, and androgens and 
their receptors. 

The chapter will discuss the following topics: high-grade prostatic 
intraepithelial neoplasia (PIN), atypical small acinare proliferation, 
morphological criteria for the identification of PCa, reporting of 
PCa biopsies, prognostic factors in radical prostatectomies (RPs) 
specimens. 


High-grade prostatic intraepithelial neoplasia 
and intraductal carcinoma of the prostate 


PIN refers to the atypical cellular proliferations of the epithelial 
lining of prostatic atypical ductal and acinar cells.45 PIN is clas- 
sified into low- and high-grade, based on cytological cell char- 
acteristics (Fig. 6.3.1). The nuclei of cells composing low-grade 
PIN is characterized by the presence of cells with enlarged nuclei 
with various size, normal or slightly increased chromatin content, 
and small or inconspicuous nucleoli. Otherwise, High-grade PIN 
(HGPIN) is composed by cells with large nuclei of relatively uni- 
form size, increased and likely irregularly distributed chromatin 
content, and prominent nucleoli (similar to those of carcinoma 
cells). HGPIN are characterized by frequent disruptions in the 
basal cell layer, which is intact or rarely interrupted in low-grade 
lesions. The architecture of PIN varies from a flattened epithelium 
to a florid cribriform proliferation.4° HGPIN is identified in 2- 
16.5% of needle biopsies and represents the most likely precursor 
of PCa. 

The clinical relevance of identifying isolated HGPIN is due to its 
correlation with the evidence of PCa in re-biopsies. The strength 


Fig. 6.3.1 High-grade prostatic intraepithelial neoplasia, showing partial 
involvement of a prostatic gland. 


of this association has weakened in years as contemporary pros- 
tate biopsy practice has moved to more extensive prostate sam- 
pling. Consequently, the predictive likelihood of PCa following 
a diagnosis of HGPIN has dropped from 36% to 22%, although 
it remains high for men with HGPIN in 23 cores (~40%).%7 
Unfortunately, clinical parameters, PSA values and DRE/ 
TRUS findings do not identify men with HGPIN on needle 
biopsy who are more candidate to have cancer in subsequent 
biopsies.® 

Intraductal carcinoma of the prostate (IDC-P) is defined as a 
lumen expansile proliferation of secretory cells within prostatic 
ducts and acini that show marked architectural and cytologic 
atypia. Morphologic criteria have been proposed to distinguish 
IDC-P from HGPIN, which is characterized by a significantly 
different cancer predictive value. In addition to the presence of 
malignant epithelial cells filling large acini and prostatic ducts with 
preservation of basal cells, the set of criteria for diagnosing IDC-P 
includes the presence of (i) a solid cribriform pattern (Fig. 6.3.2), 
with punched-out luminal spaces accounting for <50% of the cen- 
tral cellular mass; or (ii) marked nuclear atypia, with wider nuclei 
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Fig. 6.3.2 Intraductal carcinoma of the prostate with dense cribriform pattern. 


(at least six folds compared to adjacent benign nuclei); or (iii) 
non-focal comedonecrosis (i.e. intraductal carcinoma with central 
necrosis).? 

The detection of IDC-P is not frequent in prostate biopsies, and 
is even rarer if not associated with concomitant PCa. However, 
IDC-P is markedly correlated with aggressive PCa, with high 
Gleason score, and with large tumour volume. Thus, it is crucial 
for the pathologists to identify and record these lesions, especially 
in prostate biopsy reports, to optimize the management of these 
patients. The identification of isolated IDC-P in biopsies repre- 
sents an indication for either definitive approach or immediate 
re-biopsy.!01! 


Atypical small acinar proliferation 


This terminology is used to describe the presence of a small group 
of glands suspicious for a diagnosis of adenocarcinoma in a nee- 
dle biopsy, without sufficient cytological and/or architectural atypia 
to definitively identify PCa (Fig. 6.3.3).!* Atypical small acinar 
proliferation may encompass benign lesions that mimic malig- 
nant glandular lesions and small foci of adenocarcinoma harbour- 
ing unsufficient features for a definitive diagnosis of PCa. Notably, 
atypical small acinar proliferation is not a distinct diagnostic entity, 
different from HGPIN, and is found in approximately 5% of nee- 
dle biopsy pathology reports (range 0.7-23.4%).!*3 The risk to 
detect carcinoma on needle core re-biopsy is around 40% (reported 
range: 17-60%). 

Clinical parameters have only a limited predictive meaning for 
cancer on subsequent biopsy.'4 Initial mean PSA levels were higher 
in patients with atypical small acinar proliferation who had cancer 
in re-biopsies compared to those with subsequent negative biop- 
sies. Park et al. reported that age and digital rectal examination 
were independent predictors of cancer in 45 patients with ‘atypia 15; 
otherwise, several studies reported that serum PSA levels and DRE 
did not predict cancer on re-biopsies. 16718 

The association of HGPIN and atypical small acinar prolifer- 
ation suspicious for malignancy, also called PINATYP, can be 
observed occasionally on a prostate biopsy. The mean cancer 
detection rate is higher in patients with an atypical focus and 
HGPIN (53%) compared to patients with an isolated atypical 
focus.!? 


Fig. 6.3.3 Atypical small acinar proliferation suspicious for but not diagnostic of 
malignancy. The suspicious focus consists of two small acini with adjacent benign 
glands. 


Morphological criteria for 
the identification of prostate cancer 


The diagnosis of carcinoma is based on combined architectural and 
cytological findings. The light microscopic features are usually suf- 
ficient, but cases with small suspicious foci may be candidate for 
immunohistochemical analyses. 


Features pathognomonic of cancer 


The following four features are considered pathognomonic of can- 
cer, even when present to a very limited extent in a small cancer 
focus: mucinous fibroplasia (collagenous micronodules), glomeru- 
lation, perineural invasion, and extracellular mucin extravasation.”° 
The incidence of these four features is as follows: mucinous fibro- 
plasia: 1-2%; glomerulation: 3-15%; perineural invasion: 11-37%; 
an extracellular mucin extravasation: <1%.?! Mucinous fibroplasia 
is a microscopic nodular masse of paucicellular eosinophilic fibril- 
lar material impinging on acinar lumen. It is generally present 
in mucin-producing PCa and consists of extravasating of acidic 
mucin into the stroma. Glomerulation is defined as a cribriform 
not transluminal growth, with a single point of attachment superfi- 
cially resembling a renal glomerulus. Perineural invasion is defined 
as the presence of PCa spreading along, around or within a nerve. 


Features favouring cancer 


Major and minor criteria are included in this group.*! The major cri- 
teria are: infiltrative growth pattern, absent basal cells, and nuclear 
atypia. The minor criteria are basophilic mucinous secretions 
(18-52%), pink dense secretions (53-87%), intraluminal crystal- 
loids (21-41%); mitotic figures (rare), and amphophilic cytoplasm 
(30-60%). Although not specific for PCa, minor criteria are use- 
ful in prompting in-depth study of the glands harbouring these 
changes, with a view towards assessing the major diagnostic criteria. 


Architectural features 

Architectural features are usually detected at low-medium power 
magnification, focusing on spacing, size, and shape of acini.2? 
The arrangement of the acini is useful for the diagnosis and is 
the basis of the Gleason grade. Malignant acini have an irregular, 


haphazard arrangement, randomly localized in clusters, or singly 
in the stroma. Wide variation in the spacing between malignant 
acini are frequent. Acinar size may vary, and this represents a useful 
criterion for cancer diagnosis, particularly when small, irregular, 
abortive acini with primitive lumens are found at the periphery of a 
focus of well-differentiated carcinoma. 

In suspicious foci, the acini are generally small or medium in 
size, with irregular contours that contrast with the typical smooth 
contours of benign and hyperplastic acini. Comparison with the 
adjacent benign prostatic acini is always useful for the diagnosis 
of cancer. Well-differentiated carcinoma and the large acinar vari- 
ant of Gleason grade 3 carcinoma are particularly difficult to dis- 
tinguish from benign acini in needle biopsies, due to the uniform 
size and spacing of acini. In these cases, major attention should be 
placed on the cytologic characteristics, immunohistochemical fea- 
tures, and the presence of smaller acini at the edge of the focus. 

The basal cell layer is not present in PCa, differently from benign 
acini. This is an essential diagnostic feature that may be difficult to 
assess in routine tissue sections due to false negative results with 
atrophy and other mimics of cancer. Compressed stromal fibro- 
blasts may resemble basal cells but are usually found only focally at 
the periphery of acini. Notably, small foci of adenocarcinoma may 
cluster around or infiltrate near larger benign acini with an intact 
basal cell layer.?? 


Cytological features 
The cytological characteristics of adenocarcinoma comprehend 
nuclear and nucleolar enlargement, occurring in most malignant 
cells. Every cell has a nucleolus, so ‘prominent’ nucleoli with a diam- 
eter of at least 1.50 um are observed.”? Pathologists do not routinely 
measure nucleoli for diagnosis; this assessment relies on the com- 
parison with benign epithelial cells elsewhere in the specimen. 
Artefacts often obscure the nuclei and nucleoli, and overstain- 
ing of nuclei by haematoxylin constitutes one of the most frequent 
and challenging problems in the identification of suspicious cells. 
Differences in fixation and handling of biopsy specimens influence 
nuclear size and chromasia. Many pathologists prefer pale stain- 
ing with eosin, but this strategy fails to accentuate nucleoli, which 
are commonly enlarged (Fig. 6.3.4). In specimens with nuclear 
hyperchromasia and pale eosinophilic staining, increasing the light 


Fig. 6.3.4 Nuclear enlargement and nucleolar prominence in prostate cancer. 
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source and magnification of suggestive foci can help to identify hid- 
den enlarged nucleoli. 


Luminal findings 

Crystalloids are sharp, needle-like eosinophilic structures often 
found in the lumens of well/moderately differentiated carcinomas.” 
They are not cancer-specific and can be present also in other condi- 
tions. The crystalloids found in the secondary deposits of unknown 
origin may be suspected for the prostatic origin of the neoplasia.”4 
Special stains, as trichrome, toluidine blue, and the Mallory, can 
show the presence of crystalloids that the light microscopy alone 
may not highlight.24 The pathogenesis of crystalloids is unknown, 
however; they probably arise from the altered metabolism of both 
protein and mineral in the prostatic acini. 

Under the light microscopy, the lumen of the neoplastic acini is 
often characterized by an amorphous, threadlike, and faint baso- 
philic secretions. This mucin stains with Alcian blue and is best 
displayed at pH 2.5, while normal prostatic epithelium contains 
periodic acid Schiff-reactive mucin that is neutral. Acidic mucin 
is not carcinoma-specific and may be reported in HGPIN, atyp- 
ical adenomatous hyperplasia (adenosis), sclerosing adenosis and, 
more rarely, nodular hyperplasia.2° Occasionally, PCa may show 
the presence of intraluminal corpora amylacea. These are usually 
seen in normal ducts and acini, adenosis, and verumontanum 
mucosal gland hyperplasia. 


Stromal findings 

The stroma in cancer frequently contains young collagen, which 
appears lightly eosinophilic, although desmoplasia may be promin- 
ent. Muscle fibres in the stroma can be split or distorted. However, 
this is a difficult report to detect and cannot be relied upon due to 
the resemblance of the stroma associated with benign acini.?? 


Features against cancer 


The following features should make the pathologist hesitate to make 
a diagnosis of cancer: lobularity, branching glands, larger glands, 
similar nuclear changes to adjacent benign glands (ruling out (r/o) 
adenosis), prominent nucleoli yet adjacent PIN (r/o tangential 
section or out-pouching of PIN), nuclear atypia with inflammation 
(r/o reactive atypia), atrophic cytoplasm, pale-clear cytoplasm, 
papillary infoldings, and corpora amylacea. 


Ancillary diagnostic studies 


In difficult cases, using monoclonal antibodies directed against high 
molecular weight cytokeratin (i.e. clone 348E12) may be employed 
to evaluate the basal cell layer.2°#! We use this infrequently and 
only as an adjunct to the light microscopic findings. The results 
with this immunohistochemical stain should not be the sole basis 
to diagnose malignancy, especially in small suggestive foci. Anti- 
keratin 348E12 stains nearly all of the normal prostatic basal cells, 
while no staining occurs in the secretory and stromal cells. 

Since the uniform absence of a basal cell layer in prostatic aci- 
nar proliferations is a crucial diagnostic finding of invasive car- 
cinoma, and basal cells may be inapparent by haematoxilin-eosin 
(H&E) stain, basal cell specific immunostains may be used to dis- 
tinguish invasive prostatic adenocarcinoma from benign small 
acinar cancer-mimics which retain their basal cell layer (e.g. glan- 
dular atrophy, post-atrophic hyperplasia, atypical adenomatous 
hyperplasia, sclerosing adenosis, and radiation induced atypia).?6 
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Sometimes a small group of benign glands may present an inter- 
rupted or not demonstrable basal cell layer. The complete lack of 
a basal cell layer in a small acinar proliferation cannot be consid- 
ered alone as a sole criterion of malignancy; rather, it should be 
considered supportive in the diagnosis of invasive carcinoma only 
in acinar proliferation which shows suspicious cytological and/or 
architectural characteristics on H&E stain. On the contrary, early 
invasive prostatic adenocarcinoma may have residual basal cells 
when it arises in association with high-grade prostatic intraepithe- 
lial neoplasia. Residual basal cells can be detected in intraductal 
spread of invasive carcinoma and in entrapped benign glands. In 
rare circumstances, the prostatic adenocarcinomas contain scat- 
tered neoplastic cells which are immunoreactive for 34BE12, yet 
these have not the typical distribution of the basal cells. The use 
of antibodies direct against the basal cells (ie. 348E12) is espe- 
cially helpful for the diagnosis of what appears deceptively a variant 
of PCa. 

The prostate adenocarcinoma shows negative staining for both 
cytokeratins 7 and 20. The immunohistochemistry for cytokeratins 
7 and 20 can be useful in the differential diagnosis with transitional 
cell carcinoma.”° 

p63, a member of the p53 family (a tumour suppressor gene), is a 
nuclear protein encoded by a gene on chromosome 3q27-29. It has 
been shown that p63 affects growth and development of the epithe- 
lium of the skin, cervix, breast, and urogenital tract. Specific isotype 
of p63 is expressed in basal cells of the prostate. In the diagnosis of 
prostatic adenocarcinoma, a monoclonal antibody of the p63 can 
be utilized in paraffin-embedded tissue following antigen retrieval, 
as well as the high molecular weight cytokeratins, but with some 
advantages: 


+ is easier to interpret because of its strong nuclear staining 
intensity; 


the staining is less affected by the cautery artefact present in some 
specimens (i.e. TURP); and 


+ stains a subset of 34BE12 negative basal cells. 


Interpretative limitations associated with the presence or absence 
of basal cells in small numbers of glands for 34BE12 apply to p63, 
and requires correlation with morphology.” Prostatic adenocarci- 
nomas have occasional p63 immunoreactive cells, that mostly rep- 
resent entrapped benign glands or intraductal spread of carcinoma 
with residual basal cells. 

AMACR (a-Methyl-CoA Racemase) mRNA was identified as 
overexpressed in prostatic adenocarcinoma by high throughput 
RNA microarray analysis. This mRNA was reported to encode 
a racemase protein, for which polyclonal and monoclonal anti- 
bodies active in formalin-fixed, paraffin-embedded tissues have 
been produced. Immunohistochemical studies with an antibody 
directed against AMACR (P504S) demonstrated that over 80% of 
prostatic adenocarcinomas are labelled.?8 Certain subtypes of PCa, 
including foamy gland carcinoma, atrophic carcinoma, pseudohy- 
perplastic and treated carcinoma show lower AMACR expression. 
However, AMACR is not specific for PCa and is found in nodular 
hyperplasia (12%), atrophic glands (36%), HGPIN (>90%), and 
atypical adenomatous hyperplasia (17.5%).2939 AMACR may be 
employed as a confirmatory stain for prostatic adenocarcinoma, 
in addition with H&E morphology and a basal cell specific marker 
(Fig. 6.3.5).29 


Fig. 6.3.5 Neoplastic epithelial cells with intense cytoplasmic granular staining by 
an antibody against racemase, whereas the adjacent benign gland shows basal cells 
stained with an antibody directed against the nuclear protein p63, the secretory 
cells being negative. (Antibody cocktail against racemase and p63; the reaction of 
both antibodies is revealed by a brown colour.) 


2005 International Society of Urological 
Pathology-modified Gleason 
grading system 


Histological grading is the clinically most useful tissue-based pre- 
dictor of prognosis of PCa. In the last years, a gradual shift of how 
the Gleason grading system is applied has been observed, with a 
general trend towards upgrading. In 2005, the International Society 
of Urological Pathology (ISUP) consensus conference aimed to 
standardize both the perception of histological patterns and the 
way to compile and report the grade information. Here is a brief 
summary of the ISUP modified Gleason grading system.*!~*3 


+ The Gleason score is the sum of the first and second most pre- 
dominant Gleason grades. In needle biopsies, this definition is 
modified to include any component of higher grade. 


+ A Gleason score of 1 + 1 = 2 should not be diagnosed regardless 
to the type of specimen, with extremely rare exceptions. 


+ A Gleason score 2-4 on needle biopsies should be rarely reported. 
+ Individual cells would not be permitted within Gleason pattern 3. 


+ The wide majority of cribriform growth patterns are classified as 
Gleason 4 with only rare cribriform lesions defined as for crib- 
riform pattern 3 (see section ‘Subsequent 2016 modifications of 
the ISUP grading system’). 


Grading variations of adenocarcinoma: the pathologist should 
grade the tumour solely considering the underlying architecture. 
For instance, pseudohyperplastic tumour should be associated 
with a Gleason score of 3 + 3 = 6. 


+ Grading variants of adenocarcinoma. A Gleason score of 4 + 4 = 8 
should be assigned to ductal adenocarcinoma, whereas PIN-like 
ductal adenocarcinoma should be considered as Gleason pat- 
tern 3. In addition, ductal adenocarcinoma with comedone- 
crosis should be classified as Gleason pattern 5, while retaining 
the diagnostic term of ‘ductal adenocarcinoma’ to identify their 


unique clinical and pathological features. Otherwise, there is 
no consensus on how to grade mucinous (colloid) carcinoma. 
Several authors suggested that all mucinous carcinomas should 
be diagnosed as Gleason score of 8, whereas other authors sus- 
tained that the extracellular mucin should be ignored, assessing 
tumour grade based on the underlying architectural pattern. The 
grading of glomeruloid glands is another controversial point in 
the modified Gleason system. A Gleason grade should not be 
given to small cell carcinoma. The appropriateness of the Gleason 
grading system for sarcomatoid carcinomas is uncertain. In gen- 
eral, a Gleason grade is not given to the sarcomatoid component, 
whereas the glandular component is graded in the usual fashion. 


Reporting secondary patterns of lower grade in the setting of 
high-grade cancer should be ignored if the lower grade patterns 
represent less than 5% of the tumour area. 


As suggested by Egevad et al.: “Reporting secondary patterns of 
higher grade when present even if with limited extent. High- 
grade tumour of any quantity on needle biopsy should be 
included within the Gleason score.>! 


As suggested by Egevad et al.: “Tertiary Gleason patterns. The typ- 
ical situation with tertiary patterns on biopsy includes tumours 
with patterns 3, 4, and 5 in various proportions. Such tumours 
should be classified overall as high grade (Gleason score 8-10) 
given the presence of high-grade tumour (patterns 4 and 5) on 
needle biopsy. On needle biopsies with patterns 3, 4, and 5, both 
the primary pattern and the highest grade should be recorded’! 
For a RP specimen, the assignment of the Gleason score is based 
on the primary and secondary patterns with a comment as to the 
tertiary pattern. 


Per cent pattern 4-5. To date, it is not clear whether or not the 
actual percentage of 4-5 pattern tumour should be included in 
the report. Therefore, meaningful discriminatory cut-off points 
for percentage of pattern 4-5 should be defined. It remains 
an option if one wants to add this information to the routine 
Gleason score. 


Needle biopsy with distinct cores showing different grades. The 
pathologist should give an individual Gleason score to separate 
cores providing they are submitted in separate containers, or 
the cores are in the same container yet specified by the urologist 
as to their location (i.e. by different colour inks). In addition to 
assigning separate cores individual Gleason scores, one may also 
choose to give an overall score at the end of the case. If more 
than one core contained cancer in the setting of multiple cores 
per container, some authors suggest to separately grade each 
core, while other authors propose to give an overall grade for 
the involved cores per specimen container. In cases where a con- 
tainer includes multiple pieces of tissue, one should only assign 
an overall score for that container.3!*? 
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biopsy specimens was significantly associated with biochemical 
recurrence-free survival after RP.*4 They found that the ISUP sys- 
tem is clinically useful to determine the most appropriate therapy 
for patients with early stage PCa.>4 However, further studies with 
sufficient follow-up periods are needed to confirm these findings. 


Subsequent 2016 modifications 
of the ISUP grading system 


It has been recommended that all cribriform patterns be diag- 
nosed as Gleason pattern 4 rather than 3.3536 Glomerulations 
most likely represent an early stage of cribriform pattern 4 and 
should likely be graded as pattern 4 (2016 ISUP/WHO Gleason 
system).°6 

As suggested by Epstein et al., ‘Based on these clinical outcomes 
and the excellent prognosis for patients with low Gleason scores, 
we recommend Gleason grades incorporating a prognostic grade 
grouping which accurately reflect prognosis and are clearly under- 
stood by physicians and patients alike.*” This is a 5-tiered grading 
prognostic system whose use is supported by the WHO and ISUP.36 


Reporting of prostate biopsies with cancer 


The information provided in the surgical pathology report of a pros- 
tate needle biopsy with carcinoma has become fundamental for the 
management and prognostication of these tumours. The surgical 
pathology report should thus be comprehensive and yet succinct in 
providing relevant information consistently to urologists, radiation 
oncologists, and oncologists and, thereby, to the patient. 


Site of sampling (specific location of the biopsy) 


While obtaining multiple systematic biopsies is relatively standard 
in urologic practice, the submission of needle cores in two contain- 
ers (left and right side) or individual containers for each site (site- 
specific labelling, e.g. right apex, right mid, right base, and so on) 
remains a matter of urologist/institutional preference. The potential 
importance of knowing the specific location of the biopsy and, by 
extension, the location of cancer may be summarized as follows: 


+ Correlation with digital rectal examination and imaging studies. 


+ Prognostic importance. Tumour involvement of base biopsies may 
influence bladder neck sparing RP; extensive cancer in base biop- 
sies correlates with extraprostatic extension (EPE); and domin- 
ant side of prostate biopsy correlates with ipsilateral positivity of 
surgical margins and EPE. 


+ Importance in planning therapy. Mapping distribution of the can- 
cer in needle biopsies may help plan the field of radiotherapy or 
may influence nerve sparing or bladder neck sparing during RP. 


+ Importance in subsequent patient sampling. In a patient with 
atypical glands without cancer, knowledge of site allows for more 
focused repeat biopsies. 


Gleason grade migration or upgrading may occur in both needle 
biopsies and RP specimens. The upgrading in the Gleason score 
can have clinical consequences, such as the choice of therapy in an 
individual patient with PCa.*? As an example, active surveillance 
should be discouraged in patients with high-grade tumours in the 
biopsy. 

The correlation with patient outcome represents the true test of 
the validity of the 2005 ISUP modified Gleason system. Uemura 
et al. found that the 2005 ISUP modified Gleason score of needle 


Importance in subsequent prostate gland sampling. Biopsy samples 
with site-specific labelling usually contain only one or two cores, 
which is advantageous for block and slide preparation and allows for 
complete visualization of cores and detection of small foci of cancer. 
Knowledge of cancer location may help target additional tissue or 
block sampling in cases without apparent cancer in RP sections. 


+ Technical superiority in needle biopsy material examination. 


Limited number of cores in site-specific labelled specimens 
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reduces fragmentation, thereby allowing for more confident 
assessment of number of cores involved. 


+ Knowledge of biopsy site helps recognize potential diagnostic pit- 
falls. This includes seminal vesicle epithelium or central zone epi- 
thelium, mostly reported in base biopsies and the rare Cowper's 
glands in apex biopsies. 


Histological type 


Since acinar adenocarcinoma is the overwhelming histological type 
of cancer in needle biopsy specimens, it is not necessary specifying 
such cancer as acinar or conventional type in pathology reports. 

Carcinomas of the prostate with architectural or cytological vari- 
ations such as atrophic, pseudohyperplastic, hypernephroid, and so 
on, are descriptive terms employed to describe variations in PCa. 
This may help the pathologists in recognizing diagnostic pitfalls 
but have no prognostic significance. They may be commented in a 
microscopic description and should not be mentioned in the final 
diagnosis. 

Several variants of PCa have been characterized. This list 
includes ductal, mucinous, signet ring cell, adenosquamous, 
small cell carcinoma, and sarcomatoid carcinoma.*® The former 
three can be diagnosed only on examination of RP or transureth- 
ral resection specimens. If observed in needle biopsy specimens, 
the diagnostic terminology used must be: adenocarcinoma of 
prostate with ductal features; adenocarcinoma of prostate with 


cm 


0 


signet ring cell features; and adenocarcinoma of prostate with 
mucinous differentiation. Small cell carcinoma, sarcomatoid car- 
cinoma, and adenosquamous carcinoma may be diagnosed on 
needle biopsies. There are no formal studies that have shown that 
the presence of these histological variants in needle biopsies may 
be prognostic or predictive, although the often-aggressive out- 
come correlated with these tumours supports the value of this 
exercise. 


Cancer grade 


The Gleason grading system and the prognostic grade groups are 
recommended as the international standard for grading PCa.3!~*6 
The World Health Organization (WHO) nuclear grading system 
could be employed in addition to the Gleason scheme, but is rarely 
or never reported.9? 


Extent of involvement of needle core (tumour volume) 


The amount of tumour in prostate needle cores is an essential 
pathologic parameter that must be reported in needle biopsies 
(Fig. 6.3.6). The extent of tumour involvement of needle cores has 
been shown to be associated with the Gleason score, tumour vol- 
ume, surgical margins, and pathologic stage in RP specimens.40+! 
The extent of needle core involvement including bilateral involve- 
ment has also been shown as a predictor of biochemical recur- 
rence, post-prostatectomy progression, and radiotherapy failure 


Fig. 6.3.6 Extent of involvement by cancer of a needle core. The length of the core, measured with a ruler on the surface of the slide, is 1.5 cm. The circled area contains 


cancer. The linear measurement of the cancer is 6.5 mm (i.e. 43% of the core). 


at univariate and often at multivariate analyses.4°4! It is a param- 
eter included in some nomograms designed to predict pathologic 
stage and seminal vesicle invasion after RP and radiotherapy 
failure.4142 

The amount of cancer in a biopsy specimen depends on many 
factors, including prostate volume, cancer volume and distribution, 
technical procedures, number of biopsy cores, and cohort of evalu- 
ated patients. 

The report should include the number of involved cores (if pos- 
sible it should include % of cores involved). Moreover, one or both 
of the following tumour extent methods should be performed. One 
method is to report the linear length of cancer in mm (total tumour 
length in all biopsies; longest single length of tumour). The other 
method consists in estimating a percentage of involvement for each 
of the cores derived by visual estimation (overall % of cancer in 
all biopsies, % of each core involved; reporting the percentage of 
cancer involvement in increments of 5 or 10% is recommended). 
While high tumour burden in needle biopsies is directly related 
to a worse outcome, low tumour burden in needle biopsies is not 
always an indicator of low volume and low-stage in the prostatec- 
tomy specimen. 

One problem encountered with this otherwise straightforward 
method is when there is extreme fragmentation of the needle biopsy 
specimen, making difficult the assessment of the number of cores 
and of the percentage of cancer within each core. In case of highly 
fragmented tissue this may be overcome by providing a compos- 
ite (global) percentage of cancer involvement in all needle biopsy 
tissue, and this may more accurately correlate with the amount of 
cancer in the prostate gland. 

Bilateral cancer, which indicates multifocality, indirectly suggest 
a greater tumour volume. This parameter can be easily deduced 
from the pathology reports of each of the cores submitted and rep- 
resents a crucial factor to assign a ‘pathologic stage’ in patients not 
subsequently treated by RP. 


Local invasion 


Routine biopsy sampling may occasionally contain extraprostatic 
fat or seminal vesicle tissue. If it is noted that cancer involves these 
structures, this would indicate pT3 disease. The invasion of sem- 
inal vesicles or the involvement of extraprostatic fat in the biopsy 
correlates with similar findings at RPs. Extraprostatic fat invasion 
at needle biopsy is a significant predictor of biochemical recurrence 
(79% compared to 43% failure rate in cases with EPE not detected 
by needle biopsy). 

Only rarely does fat present within the normal prostate. Hence, 
tumour in adipose tissue in a needle biopsy specimen can safely be 
interpreted as EPE.*#4> Ganglion cells and skeletal muscle involve- 
ment by tumour is not equivalent to EPE and they may both be 
found frequently within the prostate. 

The seminal vesicle epithelium and ejaculatory duct epithelium 
may be impossible to distinguish in limited samples. Occasionally, 
the seminal vesicle can present a smooth muscle wall, which may 
help in the diagnosis. On the contrary, ejaculatory duct epithelium 
presents a rim of fibrous tissue that is rich in thin blood vessels. The 
distinction between seminal vesicle tissue/ejaculatory duct is not 
feasible, allowing the use of diagnostic terminology such as ‘adeno- 
carcinoma of the prostate with invasion of seminal vesicle/ejacula- 
tory duct tissue’ 
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In seminal vesicle or extraprostatic fat-targeted biopsies, beyond 
diagnosing cancer, it is also fundamental to assess whether or 
not the targeted tissue is represented. In a positive biopsy, if the 
intended tissue is not present and its absence not specified in the 
report, there is a high likelihood of misinterpretation of locally 
advanced disease, which is not present. Also, seminal vesicle- 
containing/targeted biopsies should demonstrate tumour within 
the muscular wall. 


Perineural invasion 


Perineural, circumferential, or intraneural invasion is defined as the 
presence of PCa juxtaposed intimately along, around, or within a 
nerve. Extensive (multifocal) perineural invasion and greater nerve 
diameter constitute significant prognostic factors. Involvement of 
extraprostatic nerves within the adipose tissue by cancer indicates 
EPE and deserves notation in the pathology report when present. 
Although perineural invasion in needle biopsy specimens does 
not independently predict the prognosis when the Gleason score, 
serum PSA and extent of cancer are factored in, most studies indi- 
cate that its presence correlates with EPE (38-93%).4647 Recent 
data suggests that perineural invasion may be an independent 
predictor of lymph node metastasis and post-surgical progres- 
sion.“ This parameter may also be employed to plan nerve-sparing 
surgery.“8 Some of the data from the radiation oncology litera- 
ture suggest that perineural invasion is an independent predictor 
of worse outcome after external beam radiotherapy. Furthermore, 
adjuvant hormonal therapy or dose escalation has been sustained 
in patients with high Gleason score and perineural invasion.4°” 


Lymphovascular invasion 


Lymphovascular invasion (LVI) consists of tumour cells within 
endothelial-lined spaces. We do not distinguish between vascular 
and lymphatic channels, due to the difficulty and lack of repro- 
ducibility among different observers by routine light microscopic 
examination. LVI may be confounded with fixation-associated 
retraction artefact of acini. Immunohistochemical stains directed 
against endothelial cells, such as factor VIII-related antigen, CD31, 
or CD34, may increase the detection rate. 

Since LVI as studied in RP specimens is associated with lymph 
node metastases, biochemical recurrence, and distinct metastases, 
its presence can play a similar role in the needle biopsies. This fea- 
ture is very rarely reported in needle biopsy specimens.*? 


Prognostic factors in radical 
prostatectomy specimens 


The pathology report should detail clinically relevant information 
derived from the macroscopic and microscopic evaluation of the 
RP specimens.°0>! 


Histological type of cancer 


In years, a number of new and unusual histological variants or 
subtypes have been identified. These variants represent the spec- 
trum of changes which can occur in adenocarcinoma. The bio- 
logical behaviour of many of these variants may differ from typical 
adenocarcinoma and their proper clinical management depends on 
accurate diagnosis and separation from tumours arising in other 
sites. It is recommended that subtypes, such as small cell, ductal, 
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and mucinous, should be reported if they are noted histologically. 
Mixtures of distinct histological types should be reported.*® 


Histological grade of cancer 


The Gleason score assigned to the tumour is the best predictor 
of progression following RP (see sections on ‘2005 International 
Society of Urological Pathology-modified Gleason grading sys- 
tem’ and ‘Subsequent 2016 modifications of the ISUP grading 
system ).3!-76 


Staging 

The protocol recommends the use of the TNM staging system 
for carcinoma of the prostate by the American Joint Committee 
on Cancer (AJCC) and the International Union Against Cancer 
(UICC).°2>3 The most revision was published in 2009. Clinical 
classification (CTNM) is usually carried out by the physician during 
pretreatment clinical evaluation or when pathologic classification is 
not possible. The prefix symbol ‘p refers to the pathologic classifica- 
tion of the TNM (pTNM). Pathologic classification relies on gross 
and microscopic examination. Based on AJCC/UICC convention, 
the designation “T’ in the TNM classification refers only to the first 
resection of a primary tumour. Therefore, pT requires a resection 
of the primary tumour or biopsy adequate to assess the highest 
pT category; pN entails an adequate removal of nodes to identify 
lymph node metastases; pM implies microscopic examination of 
distant lesions. 

Residual tumour in a resection specimen following previous 
neoadjuvant therapy of any type (radiotherapy, chemotherapy, or 
any combined approach) is classified by the TNM using a prescript 
‘y to indicate the post-treatment status of the tumour (e.g. ypT1). 
The assessment of residual disease may be a significant predictor of 
postoperative outcome. Moreover, the ypT NM classification allows 
a standardized and accurate evaluation of new neoadjuvant thera- 
pies. Tumour with local recurrence after a documented disease-free 
interval after surgical resection is defined according to the TNM 
system but modified with the prefix ‘r (e.g. rpT1). 

The 2009 International Society of Urological Pathology Consensus 
Conference in Boston, gave recommendations concerning the 
necessity to standardize pathology reports of RP specimens.” 


Tumour multifocality 


PCa is multifocal in up to 80% of cases. Typically, there is a dom- 
inant focus. This is the largest cancer focus and in most cases has 
the worse pathological differentiation. This dominant focus can 
be tremed the index tumour and appears the most important for 
prognosis. Secondary foci are usually smaller and better differenti- 
ated. Noguchi et al. found the index tumour volume, and not total 
tumour volume, was the best independent predictor of tumour pro- 
gression.*4 The concept of an index tumour was discussed at the 
ISUP consensus conference, without finding an agreement about an 
appropriate definition for this. Notably, no consensus was obtained 
regarding which parameter should have priority for defining the 
index tumour when there is a conflict between highest grade, stage, 
or volume between separate tumour foci. 


T2 substaging 


Staging category pT2 includes tumours that are confined within 
the prostate gland. Among controversies relating to tumours that 


present in this staging category, critical issues are represented by 
the value of substaging, the reporting of multifocal tumours and 
the prognostic relevance of tumour size.555 

The pathological substaging of pT2 currently mirrors clinical T2 
substaging of PCa. A pT2a tumour is defined as a unilateral tumour, 
affecting less than half of one lobe, a pT2b tumour is unilateral, 
occupying more than 50% of one lobe, while a pT2c tumour is bilat- 
eral. There are several problems with this classification. Stage pT2b 
is a very rare finding, as most tumours that are larger than one lobe 
of the prostate gland grow across the midline and are rarely organ- 
confined. Tumours classified as pT 2b are thus large and have less 
favourable outcome than pT2c tumours. The definition of pT2c is 
unclear and it is uncertain if the presence of separate, but minute foci 
of tumour in the contralateral lobe is sufficient to classify a tumour 
as pT 2c, or if the main tumour focus must cross the midline before 
being considered pT2. There is also debate as to why extension 
across the midline of the gland should be considered an important 
prognostic feature. In line with this, many the delegates present at 
the consensus meeting voted to abandon the current pT2 substaging 
category. Given the favourable prognosis of organ-confined disease, 
it can also be questioned whether substaging is at all justified.°° 


Extraprostatic extension (pT3a) 


The prostatic capsule is a poorly defined structure and not a true cap- 
sule, but is rather a transition between condensed prostatic stroma 
and the extraprostatic connective tissue. This structure is particu- 
larly poorly defined around the apex, the anterior prostate, and at 
the base of the gland. For these reasons, EPE is considered a more 
appropriate terminology than capsule penetration. Extraprostatic 
extension is most frequently encountered in the posterolateral 
region at the neurovascular bundle (Fig. 6.3.7). Tumour adjacent 
to or that invades the adipose tissue is a criterion for the diagnosis 
of extraprostatic extension. However, contrary to the situation with 
core biopsies, it was also agreed to diagnose prostatectomy speci- 
mens with EPE even when extraprostatic lesions are surrounded 
by desmoplastic connective tissue. Thus, tumour within a fibrous 
band, beyond the prostatic parenchyma, or the condensed smooth 
muscle, is sufficient to diagnose extraprostatic disease. 


Fig. 6.3.7 Whole-mount section of the prostate with extraprostatic extension in 
the posterolateral region. 


In areas where the so-called capsule is particularly poorly 
defined, such as at the anterior, the apex and at the bladder neck, 
growth into or at the level of adipose tissue is needed to identify 
extraprostatic extension. At the apex and anteriorly, there is a con- 
tinuous transition between prostatic tissue and the striated muscle 
tissue of the pelvic floor. Hence, it was agreed that tumour growth 
around striated muscle does not indicate in any case EPE. 

Extraprostatic extension can be classified as focal or established 
(or extensive or non-focal).5° Patients with focal extraprostatic 
extension are characterized by a more favourable outcome after 
RP compared to patients with extensive EPE, thus recommend- 
ing to describe the extent of EPE in the reports. There is, however, 
no consensus on the definition of these categories and measures 
such as ‘a few glands outside the prostate’ or ‘less than one high- 
power field’ have been used to define focal EPE.°5° Recently, 
Sung et al. suggested the employment of the radial distance of 
extraprostatic extension, with a cut-off at 0.75 mm having prog- 
nostic significance.*” This method has some disadvantages; for 
instance, it is labour intensive and because the prostatic capsule 
is so poorly defined, it is very difficult to know from where this 
distance should be measured. It was recommended at the consen- 
sus conference that extraprostatic extension be stratified as focal or 
established, but no consensus was reached as to the definitions of 
these categories.5®%56 


Seminal vesicle invasion (pT3b) 


Seminal vesicle invasion or SVI is defined as the invasion into 
the muscular coat of the seminal vesicle by cancer cells. SVI has 
been previously associated with the prognosis of patients with 
PCa**5? PCa can invade the seminal vesicles by three main 
mechanisms™: 


(i) by extension to the ejaculatory duct complex; 


(ii) by spread across the base of the prostate without other evi- 
dence of EPE or involvement from tumour affecting the sem- 
inal vesicles from the periprostatic and periseminal vesicle 
adipose tissue; 


(iii) as an isolated tumour deposit without continuity with the pri- 
mary PCa tumour focus. 


While in most cases, seminal vesicle invasion occurs in glands 
with EPE, the latter cannot be reported in a minority of these cases. 
Many of these patients present only a minimal involvement of the 
seminal vesicles, or harbour tumours affecting only the portion of 
the seminal vesicles that is, at least in part, intraprostatic. Patients 
in this subgroup were associated with a favourable prognosis, simi- 
lar to patients without SVI. Despite this, the prognostic value of 
these categories has not been confirmed by others.*! 


Locally advanced disease (pT4) 


In previous editions of the TNM classification, bladder neck inva- 
sion was classified as pT4 disease, even when invasion was micro- 
scopic rather than macroscopic. It has, however, been shown that 
these patients have an outcome similar to those with ordinary 
extraprostatic extension, and it was agreed that the TNM classi- 
fication should be revised accordingly. Indeed, in the latest edi- 
tion, microscopic bladder neck invasion is now considered pT3a 
disease, while macroscopic bladder neck invasion is classified as 
pT4.5052 
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Surgical margins and residual tumour (R) 


In general, a prostatectomy specimen is surrounded by a thin layer 
of connective tissue and a wide surgical margin cannot be expected. 
Cancer must be seen extending to an inked margin for that margin 
to be considered positive.5!? A margin is reported as negative if 
cancer is separated from the inked surface by as little as a few colla- 
gen fibres. Tumour close to, but not extending to a margin, should 
be recorded as a margin negative as this does not influence progno- 
sis. Positive margins are most common seen at the apex of the gland 
but may occur anywhere. Similar to extraprostatic extension, strati- 
fication of margin positivity into focal and more than focal may be 
useful, but the consensus conference failed to agree on methods 
for defining this. Among proposed definitions of focal margin posi- 
tivity were: (i) only a few tumour cells in contact with the inked 
margin; (ii) margin positivity involving one gland in one section; 
(iii) 3 mm or less of positive margin in one section; and (iv) limited 
margin positivity in only one or two areas. Until a clinically relevant 
cut-off is decided upon, it was recommended to report the linear 
extent of margin positivity. As in the case of EPE, a consensus was 
reached about the necessity to report the location of any tumour 
positive margin, as this gives important feedback to the clinician. 

Residual tumour after therapy with curative intent (e.g. sur- 
gical resection) is classified by the R classification, which may be 
employed by the surgeon to report the residual tumour status after 
surgical resection. For the pathologist, the R classification deals 
with the margins of surgical resection specimens; patients with 
positive resection margins on pathologic examination may be con- 
sidered to have residual tumour. These patients may be classified 
based on the macroscopic or microscopic involvement.>}© 


Lymphovascular invasion 


The TNM system uses the category LVI to indicate the presence 
of lymphatic or venous invasion. Most of the time when vascular 
invasion is noted it is in tumours with fairly advanced pathology, 
such that it is unclear as to its independent prognostic significance. 
It has been shown that LVI correlates with risk of recurrence after 
RP, both in univariate and multivariate analysis. 


Perineural invasion 


Perineural invasion is almost ubiquitously present in RP specimens, 
such that it is not useful as a prognostic parameter and we do not 
record it in the pathology reports of RP. Several studies investigated 
the prognostic role of (intraprostatic) perineural invasion. At this 
time, it is not entirely clear whether there are differences in terms 
of prognosis between intraprostatic and extraprostatic perineural 
invasion.® 


Volume of cancer 


There are several methods to estimate tumour volume, including 
planimetry, the grid method, assessment of the percentage of the 
specimen involved by cancer and measurement maximum tumour 
diameter.4%°°5> Volume of PCa correlates with other prognostic 
factors, including grade, stage, and ploidy, and also with prognosis 
in patients who have undergone RP. Some authors have reported 
that tumour volume does not independently predict the progno- 
sis when Gleason score, the presence of extraprostatic extension, 
positive surgical margins, and seminal vesicle involvement are 
included into the analysis. Other studies, based on series with 
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larger tumours, have reported that tumour volume represents an 
independent prognostic factor. Because of these conflicting data, 
it was recommended that measurement of tumour volume should 
not be mandatory but that it was reasonable to give an objective 
assessment of tumour size, reporting the diameter of the largest 
tumour focus. 


Conclusions 


Substantial effort has been expended in the years in describing 
the morphologic features of cancer and determining its pre- 
dictive value for staging, cancer recurrence, and patient sur- 
vival in prostate carcinoma. Molecular knowledge of PCa can 
improve prediction of prognosis, but has not yet yielded infor- 
mation that is ready to be routinely incorporated into clinical 
practice. 
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Prostate-specific antigen 
and biomarkers 

for prostate cancer 

Sven Wenske and Hans Lilja 


Blood biomarkers 


Introduction to human kallikreins 


The human kallikrein family, located on chromosome 19q13,!~3 
has been identified to consist of 15 genes, encoding for serine 
proteases, several of which are mainly expressed in seminal fluid. 
To date, best described are the gene products encoded by KLK2 
(kallikrein-related peptidase 2 [hK2]) and KLK3 (prostate-specific 
antigen [PSA]).4 More expression, protein characteristics, and 
taxon-specific evolution of the KLK genes have been studied and 
described with distinct nomenclature.*>-” Among these, KLK2 and 
KLK3 manifest the most extensive homology with ~80% identity 
in amino acid sequence, relating to their ancestry and primate- 
specific duplication from a common predecessor, a non-functional 
pseudogene in rodents, and most other mammals except the canine 
species.® 


Prostate-specific antigen and molecular isoforms 


Prostate-specific antigen (PSA) is a =28-kD single chain kallikrein- 
related serine peptidase® expressed abundantly in normal human 
prostate epithelium, benign hyperplastic prostatic tissue (BPH), and 
prostate carcinoma.’ Several studies have demonstrated very low 
level extra-prostatic production of PSA (~10-4-fold or lower com- 
pared to the levels found in human prostate epithelium) in human 
breast epithelium, endometrium, amniotic fluid, and periurethral 
glands.!°-!! The precursor of PSA is a 261 amino acid pre-pro- 
protein.!? Subsequent processing by hK2 and other proteases leads 
to the conversion from the non-catalytic zymogen to catalytically 
active mature PSA comprising 237 amino acids.!*-!5 Catalytically 
active PSA is a highly abundant single chain chymotrypsin-like 
serine-protease!®!” that is critical to and responsible for the prote- 
olysis of the gel-proteins semenogelin I (SEMG1) and I (SEMG2) 
and fibronectin in the seminal fluid, resulting in liquefaction of 
semen and release of motile spermatozoa.!8-?° In healthy men, PSA 
occurs in serum at concentrations corresponding to approximately 
10-6 of those found in seminal fluid. In the seminal fluid, approxi- 
mately 60-70% of PSA is found in catalytically active functional 
status,!° forming complexes with different extracellular protease 
inhibitors, such as a,-antichymotrypsin (ACT or SERPINA3), pro- 
tein C inhibitor (SERPINAS), a,-macroglobulin (A2M), and other 
SERPIN- or A2M-type inhibitors. !®?!-23 


About 30% of the PSA isolated from seminal fluid is catalyt- 
ically inactive and unable to form complexes with ACT. Several 
different internal peptide bond cleavages render the catalytically 
active single chain form into non-catalytic multichain forms.!®74 
Subsequent studies implicate that that the proportion of free PSA 
with or without internal peptide cleavages at Lys145 and/or Lys146 
is associated with risk of prostate cancer,?>° also among men at 
increased risk of unfavourable prostate cancer.*° Other investiga- 
tors have demonstrated that higher levels of pro-PSA are asso- 
ciated with prostate cancer,!+7.28 especially in men with more 
aggressive disease and other adverse pathological features.?9>° 


Prostate-specific antigen and prostate cancer 


As first reported in the early 1980s, PSA was detected in human 
serum and found to be significantly elevated in men with pros- 
tate cancer, and therefore suggested to be a novel and highly 
tissue-specific marker of this disease.!~33 Subsequent reports by 
Stamey et al. in 1987 demonstrated the utility of PSA to detect and 
monitor treatment of prostate cancer, and that of Catalona et al. 
in 19914 found that also a modestly elevated PSA was associ- 
ated with increased risk localized prostate cancer. Combined with 
many other largely consistent reports, the seminal studies by these 
authors led to rapid implementation and widespread use of the PSA 
test, particularly in the United States, with consequential dramatic 
increase in prostate cancer incidence during late 1980s and early 
1990s, before the prostate cancer incidence started to stabilize from 
mid 1990s and onwards.*4 Since then, PSA has remained critical 
to early detection and screening, as well as disease monitoring in 
patients treated for prostate cancer, and still represents one of the 
most useful tumour markers in these settings.* However, it is also 
important to recognize that the current modalities of PSA testing 
has led to prostate cancer having one of the highest prevalence rates 
of all malignant diseases in men, with an overall lifetime risk of 
18%, and approximately 3% risk of dying from this disease.34-36 
These numbers exemplify that the majority of prostate cancers may 
possibly be considered insignificant, that is, no life-threatening risk 
to the patient. However, distinguishing between significant and 
insignificant cancers remains one of the biggest challenges in the 
detection and treatment decision-making of prostate cancer, and 
controversy exists as to what degree PSA and other biomarkers 
may be able to help.>” Due to the increasing use of PSA in the early 
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detection and screening of prostate cancer, a migration of prostate 
cancer stages upon diagnosis has been observed towards earlier, 
lower stages (stage migration) during the past two decades since the 
implementation of PSA in clinical settings in the early 1980s.3778 
However, with PSA being prostate-, but not cancer-specific, major 
challenges exist among men with significantly increased risk 
of prostate cancer as the conventional PSA test alone has low to 
modest specificity,>?4° and therefore may quite poorly discrimin- 
ate between a PSA elevated secondary to benign (BPH, prostatitis) 
compared to malignant prostate disease, particularly among previ- 
ously screened men.4! Consequently, constant research has led to 
the discovery and identification of additional biomarkers, such as 
different molecular forms of PSA in serum that may aid in increas- 
ing diagnostic accuracy for the early detection of prostate cancer. 
Additional biomarkers, such as free PSA and hK2, have been sug- 
gested to being incorporated into risk assessment armamentarium. 

In the absence of data obtained from experimental animal mod- 
els recapitulating the mechanisms required to enable PSA to enter 
the different extracellular compartments and subsequently dissem- 
inate into blood circulation, it has commonly been speculated that 
increased levels of PSA in blood associated with prostate cancer 
may be secondary to changes in the normal prostatic anatomy, such 
as disruption of the basal membrane, altered intercellular connec- 
tions, and general tissue architecture changes during the develop- 
ment and progression of this disease. Both PSA and hK2 are potent 
catalytic peptidases that may contribute to modify extracellular 
matrix proteins and, possibly importantly, contribute to a dramat- 
ically elevated release.42 Advanced cases of prostate cancer may 
therefore lead to a 1,000-fold increase of the physiologic release of 
PSA into circulation. 

One of the first prospective analyses describing the utility of 
PSA as a screening test for men at risk for prostate cancer con- 
cluded that a serum concentration cut-off level of 4 ng/mL offered 
highest sensitivity and specificity to detect men with prostate can- 
cer and to avoid unnecessary biopsies in men that do not harbour 
this disease.4? However, the risk of finding evidence of prostate 
cancer at biopsy among the vast majority (85-90%) of men with 
PSA levels below commonly used cut-offs (e.g. 4 ng/mL) remains 
remarkably high and associated with risks of leaving an important 
proportion of prostate cancers undetected, with about 10% risk of 
finding prostate cancer at biopsy among 62-91-year-old men with 
PSA of about 1.0 ng/mL or less.3°44 The use of lower PSA cut-offs 
have not been able to fully overcome this issue,?%3945 and were 
instead found to contribute to significant overdiagnosis and con- 
sequential overtreatment of men frequently harbouring prostate 
cancers of low grade and stage that are unlikely to lead to signifi- 
cant morbidity during the lifetime of the host and therefore likely 
may be considered as insignificant cancers. Hence, PSA is best 
interpreted in relationship to age, co-morbidity, and as a continu- 
ous variable representing a wide spectrum of disease and disease 
settings.“ This is important as we also know that population-based 
levels of PSA in blood increase with advancing age,* likely due to 
higher prevalence of BPH and volume of BPH being associated 
with increasing age.‘” 


Long-term prediction of prostate cancer risk 
using prostate-specific antigen 


One of the first studies to predict long-term risk for prostate can- 
cer reported on men with a PSA >2.5 ng/mL having an increased 


risk to being diagnosed with prostate cancer 10 years later, but 
was importantly limited due to significant sample degradation 
and a small sample size.*8 A subsequent report by Gann et al. also 
demonstrated that an elevated PSA preceded a prostate cancer 
diagnosis by several years.4? PSA measured in blood provided at 
baseline between 1974 and 1986 by a highly representative group 
of men participating (72% participation) in the Malmö Preventive 
Project (MPP) in southern Sweden, to study cardiovascular and 
metabolic risk factors, demonstrated that also a modestly elevated 
PSA below age 50 is associated with an importantly increased risk 
of prostate cancer diagnosis many years later.*° A update of this, 
including over 1,400 prostate cancer cases among 21,277 men 
aged 33-50 years at baseline who were followed for a median of 
23 years, found that a single PSA measured at age 44-50 years pre- 
dict a diagnosis of advanced prostate cancer (defined as clinical 
stage T3 or higher or evidence of metastasis at diagnosis) with an 
area under the receiver operating curve (AUR) of 0.75. Using 
data and blood contributed in 1981 and 1982 from men invited to 
participate in the MPP at age 60 and followed for up to 25 years 
until death or age 85, demonstrated that a PSA level at age 60 was 
strongly associated with risk of metastasis (AUC of 0.86) and death 
(AUC of 0.90) many years later, with close to 90% of all subse- 
quent events of metastasis or death from prostate cancer occurring 
among men with PSA levels in the top quartile at age 60 (i.e. >PSA 
of 2.0 ng/mL).°! Also, a PSA blood level at or below median (i.e. 
<1 ng/mL) at age 60 confers insignificant lifetime risk of metas- 
tasis (<0.5%) or death (<0.2%) from prostate cancer, suggesting 
that about half of the men aged 60 or older (i.e. men aged 260 
with a PSA of ~<1.0 ng/mL) may be exempt from any subsequent 
population-based PSA testing (Fig. 6.4.1).°! 


Predicted probability (%) 


PSA (ng/ml) 
Prostate cancer metastasis — 95% Cl 
= == Prostate cancer === 95% Cl 


Population-based quartiles of PSA 


Fig. 6.4.1 Lifetime risk of clinically diagnosed prostate cancer or prostate cancer 
metastasis. Shaded region represents population-based distribution of prostate- 
specific antigen. 

Reproduced from the British Medical Journal, Andrew J Vickers et al, ‘Prostate specific antigen 
concentration at age 60 and death or metastasis from prostate cancer: Case control study’, 
Volume 341, c4521, DOI:10.1136/bmj.c4521, Copyright © 2010, British Medical Journal 
Publishing Group, with permission from BMJ Publishing Group Ltd. 
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These data suggest that the current intensely debated and 
troublesome ratio of benefits-to-harms associated with the current 
modality of PSA-based prostate cancer screening could possibly be 
improved by implementing risk stratifying approaches where men 
with little if any risk of significant cancer morbidity could be spared 
from frequent, elaborate testing, whereas men with; for example, 
PSA levels in the top decile or quartile at age 45 or later may benefit 
from more frequent and elaborate screening efforts.” 


Randomized prostate cancer screening trials 


In the United States, PSA-based prostate cancer screening became 
widely used already in early 1990s, which is long before any data 
from prospective randomized trials became available during the 
few years. This also resulted in significant problems in the interpret- 
ation of the data obtained by the randomized trial pursued by the 
Prostate, Lung, Colorectal, and Ovarian (PLCO) consortium at the 
National Cancer Institute in the United States, as about half of the 
men participating in this randomized trial had previously been sub- 
ject to PSA screening, more than half of the control group continued 
to undergo PSA-based screening, and only a minority of the partici- 
pants with a screen-positive test were subject to a prostate biopsy.*4 
Undoubtedly, this may contribute to the fact that no significant dif- 
ferences in death from prostate cancer were found between the men 
invited to screening compared to the controls, as this trial rather 
may compare more systematic to less systematic screening regi- 
mens. Therefore, the reported data from 11-14 years follow-up 
of the randomized trials in Europe contribute the most important 
and reliable data in reference to the theory that PSA-based screen- 
ing among previously unscreened men in a highly significant statis- 
tical manner can reduce prostate cancer mortality after a follow-up 
of 10 years or longer (as reported by the European Randomized 
Study for Prostate Cancer Screening (ERSPC),°° and the Göteborg 
randomized Prostate Cancer Screening Trial in Sweden).*° The 
ERSPC trial involved over 182,00 men aged 50 to 74 years in seven 
European countries, among whom half were invited to PSA testing 
every four or two years.” Close to 83% of all men accepted invita- 
tion for PSA testing and 86% of all men with screen-positive tests 
(PSA level ~3.0 ng/ml or higher) underwent sextant prostate biop- 
sies. Based on a median follow-up of 11 years, risk of death from 
prostate cancer was reduced by 21%, with 29% risk reduction after 
adjusting for compliance. However, to prevent one death from 
prostate cancer at 11 years follow-up, 37 cancers would need to be 
detected. The Göteborg randomized trial, which started to random- 
ize 20,000 men aged 50-66 in late 1994, was powered and man- 
dated to report at 15 years follow-up whether invitation to biennial 
PSA screening of 10,000 men was associated with any significant 
risk of death from prostate cancer compared to the control group. 
Although this trial joined ERSPC during 1995, the mandated report 
at 14 years follow-up demonstrated that death from prostate cancer 
was reduced by about half, and that 12 men needed to be diagnosed 
with prostate cancer to prevent one death.°® Still, it remains critical 
to contribute timely dissemination of evidence from any extended 
follow-up of these important trials to further our understanding of 
the ratio of benefits-to-harms associated with the current modality 
of population-based PSA screening.*® 

The largest randomized screening study in the United States, the 
PLCO Screening Study, involved more than 76,000 men that under- 
went either annual PSA screening, or usual medical care. There was 
no difference in the total numbers of cancers detected, nor in the 


overall mortality rates between the two groups. However, the big- 
gest criticism of this study was the high contamination rate of men 
in the control group that did undergo PSA testing as part of their 
usual medical care; the other critique concerns PSA screening that 
had been performed in men before entering the study and random- 
ization to one of the arms, which very likely altered the number of 
significant cancers in both arms, making it impossible to determine 
a difference, as reflected in the results.°° 


Prostate-specific antigen dynamics 


PSA dynamics, and changes in PSA over time, have been studied 
extensively in the risk stratification of prostate cancer, and contro- 
versy exists as to whether they enhance the predictive accuracy of 
a single PSA measurement alone in various settings of this disease. 

PSA velocity (PSAV) refers to changes of serum PSA levels over 
time, based on serial PSA measurements, and was shown to have a 
linear pattern in patients with BPH, whereas patients with prostate 
cancer seem to exhibit an exponential increase few years before diag- 
nosis.*660 However, PSAV was not shown to add any significant diag- 
nostic value for the detection of prostate cancer in addition to the use 
of a single total PSA level.*° Especially in the setting of a low PSA, 
PSAV does not add any predictive accuracy, and should not be incor- 
porated in this setting as it may raise the number of unnecessary biop- 
sies with false-positive PSAV levels.6! However, pretreatment PSAV 
may help in the identification of patients at risk for disease recurrence 
after prostate cancer treatment, as increasing PSAV was associated 
with poorer disease-specific survival,*°2- but again, no added value 
beyond that of a single measured PSA value was gained. 

PSA doubling-time (PSA-DT) considers PSA levels at separ- 
ate time points, and several publications have assessed the value 
of PSA-DT in the risk stratification of men with prostate cancer. 
A variety of different mathematical formulas to calculate PSA-DT 
have been used in the literature over the past two decades. The most 
comprehensive and only publication on the comparison of different 
definitions and on the assessment of PSA-DT in comparison to a 
single measured PSA value in the outcome prediction after prostate 
cancer treatment showed that no definition of PSA-DT enhanced 
the predictive accuracy of that of a single PSA value.®© 

A subset analysis of the ERSPC trial was able to show as well that 
PSA dynamics differed significantly between men with or without can- 
cer on biopsy, but the predictive accuracy was of limited value for the 
practical application due to the high variability of those parameters. 

PSA density (PSAD), first described in 1992, reflects serum PSA 
level in relation to the patient’s total prostate volume. Taking into 
consideration that PSA is prostate-specific, but not prostate cancer- 
specific, and therefore dependent on total prostate volume,’ PSAD 
was shown to be higher in men that harbour prostatic malignancy 
due to significantly increased leakage of PSA into the bloodstream.‘ 
However, several limitations apply to the use of PSAD in clinical 
settings, as prostate volume assessment is provider-dependent; leak- 
age of PSA into the blood may also be due to concomitant variable 
degree of prostatitis or physical activity, leading to false-positive 
results, or false-negative results in the setting where large BPH alone 
leads to significant leakage of PSA into the bloodstream and may 
mask PSA derived from a tumour within the prostate gland. 

Overall, pretreatment PSAV, PSA-DT, and PSAD have been 
shown to be associated with oncological outcome of patients after 
treatment, but none of them were able to increase predictive accur- 
acy of a single pretreatment PSA serum level. 
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The various forms of prostate-specific antigen 
occurring in blood 


Free prostate-specific antigen 
The majority of total PSA is bound in complexes to a,- 
antichymotrypsin (ACT; SERPINA3), protein C inhibitor 
(SERPINAS); and a,-macroglobulin (A2M).!621,23,68 

Christensson et al. were first to demonstrate that a decrease in the 
relative proportion of PSA that is not bound in complexes; that is, 
a lower ratio-of-free-total PSA (or per cent-free PSA) is independ- 
ent of total PSA associated with significantly increased risk of pros- 
tate cancer, particularly among men with modestly elevated levels of 
total PSA in blood (e.g. between 4 and 10 ng/mL).® Subsequently, 
this was found to both importantly enhance discrimination of men 
versus men without evidence of prostate cancer at biopsy and sig- 
nificantly increase the accuracy of total PSA alone in detecting pros- 
tate cancer at biopsy; for example, the lower the free-to-total PSA 
ratio, the higher the likelihood to harbour clinically significant pros- 
tate cancer, and free PSA increases the predictive accuracy of total 
PSA in men undergoing prostate biopsy.4°7°-72 Furthermore, lower 
preoperative free PSA seems to be associated also with biochemical 
recurrence and adverse pathological features in men undergoing 
radical prostatectomy for clinically localized prostate cancer.” 


Intact and nicked prostate-specific antigen 

Each of the different subforms of free PSA in serum is strongly 
implicated to be non-catalytic, as they appear to lack ability to react 
with any of the abundant protease inhibitors (e.g. ACT or A2M) 
present at 10,000-fold or higher excess in the blood. By contrast, 
the vast majority of PSA in semen occurs as free (unbound) forms 
of which about a third comprises inactive multichain forms.!® The 
presence of latent, non-catalytic zymogen forms of single chain PSA 
(pro-PSA) has been demonstrated in androgen-dependent cell lines 


(e.g. LNCaP) and prostate cancer tissue but never been detected in 
seminal fluid.”4 Multichain forms, cleaved internally, for example at 
Lys, 45> Lys, 46. or between Lys,.5-Ser,,3, are predominantly contrib- 
ute the non-catalytic forms of free PSA in seminal fluid,!®4 while a 
very small fraction of non-catalytic PSA in seminal fluid comprises 
PSA covalently bound to the protein C inhibitor.”? 

In 2000, Nurmikko et al. reported on the development of a novel 
type of monoclonal antibodies that manifested high and very spe- 
cific binding affinity to single chain forms of PSA, independent 
as to whether they were latent pro-PSA zymogen or catalytically 
active mature PSA forms capacity, whereas these ‘intact -specific 
PSA-antibodies were completely unable to bind non-catalytic PSA 
containing internal cleavages at Lys, ,, and/or Lys,4,.’° The intact 
forms of free PSA seem to be more highly associated with prostate 
cancer,”° and studies have described the development and validity 
of free PSA assays that are specific for intact PSA and do not recog- 
nize internally cleaved nicked PSA, and therefore may play a role in 
the discrimination and assessment of patients at risk for prostate 
cancer.’5-77 Several studies incorporated measurements of intact, 
free, and total PSA, combined with hK2 to predict the probabil- 
ity for prostate cancer on biopsy. Analysis of biopsy results and 
blood markers in samples from thousands of participants in the 
randomized screening trial (ERSPC) in Sweden, Netherlands, and 
France showed that a model based on intact PSA, total, free PSA, 
and hK2 levels contributed significantly to increased accuracy in 
predicting prostate cancer biopsy outcome compared to a base 
model using patient age and total PSA alone.?678-82 These stud- 
ies incorporated men with distinct characteristics that import- 
antly influences the discriminatory ability of the conventional 
PSA test, such as no prior PSA testing, a prior PSA test, or had a 
prior negative biopsy,*! AUCs of the base model ranged from non- 
discriminatory up to close to 0.70 (Table 6.4.1). 


Table 6.4.1 Four-kallikrein panel in the predictive accuracy of prostate biopsy outcome compared to a base model using patient age and total PSA 


alone, in different European trials 


Cohert Description N Increase in AUC: four-kallikrein Increase in AUC: panel plus 
model vs. PSA DRE vs. PSA+DRE 
Göteborg round 176 Unscreened men 740 Any: 0.832 vs. 0.680 


Any: 0.836 vs. 0.724 


High grade: 0.870 vs. 0.816 igh grade: 0.903 vs. 0.868 
Göteborg subsequent Men with a prior PSA test 1,241 Any: 0.674 vs. 0.564 Any: 0.697 vs. 0.622 
rounds*° High grade: 0.819 vs. 0.658 igh grade: 0.828 vs. 0.717 
Rotterdam round 178 Unscreened men 2,186 Any: 0.764 vs. 0.637 Any: 0.776 vs. 0.695 
High grade: 0.825 vs. 0.776 igh grade: 0.837 vs. 0.806 
Rotterdam subsequent Men with a prior PSA test 1,501 Any: 0.713 vs. 0.557 Any: 0.711 vs. 0.585 
rounds” High grade: 0.793 vs. 0.699 igh grade: 0.798 vs. 0.709 
Rotterdam prior neg Elevated PSA after negative 925 Not assessed Any: 0.681 vs. 0.584 
biopsy®! biopsy igh grade: 0.873 vs. 0.764 
ERSPC Tarn France® Clinical work-up before biopsy 262 Not assessed Any: 0.782 vs. 0.628 
igh grade: 0.870 vs. 0.767 
Malmö, Sweden Longitudinal follow-up without 792. Any: 0.751 vs. 0.654 Not assessed 


(MDC/EPIC) biopsy or screening 


Advanced cancer*: 0.824 vs. 0.716 


Source: data from Vickers AJ et al, The relationship between prostate-specific antigen and prostate cancer risk: The Prostate Biopsy Collaborative Group, Clinical Cancer Research, 


Volume 16, Issue 17, pp. 4374-81, Copyright © 2010 American Association for Cancer Research. 


477 


478 


SECTION 6 ONCOLOGY 


However, importantly, the magnitude of enhanced accuracy was 
quite similar across all studies; for example, increase in AUC from 
0.680 to 0.832 among previously unscreened ERSPC-participants 
in Sweden, also with importantly enhanced accuracy in predict- 
ing evidence of high-grade disease at biopsy (defined as presence 
of Gleason grade 4).7° In addition, decision analytical methods 
were used to demonstrate that the clinical implication of these 
findings would be that the number of men recommended for a 
prostate biopsy could be reduced by about half, which would likely 
result in that up to 20% of the cancer diagnoses would be delayed, 
although the majority of these cases would be low-grade and stage 
cancer, and leaving only very few high-grade cancers undetected 
(Table 6.4.1). 


Human kallikrein-related peptidase 2 (hk2) 

and other kallikrein-related peptidases 

Human kallikrein-related peptidase 2 (hK2), another member of the 
kallikrein family encoded on chromosome 19q13, is also a secreted 
serine protease, and to 80% homologous in sequence to PSA. hK2 
is primarily expressed in the prostate gland as well as in serum, but 
enzymatic activity of PSA and hK2 is different, and hK2 expression 
levels overall are 50-fold less than that of PSA.28384 hK2 has been 
shown to be overexpressed in men with prostate cancer as well, espe- 
cially the ratio of hK2/PSA mRNA seems to increase with tumour 
grade.8> However, this was contradicted by a analysis by Väänänen 
et al.8° Several studies demonstrated that hK2 improves predictive 
accuracy of total and free PSA in the discrimination of men with vs. 
without prostate cancer in men with elevated total PSA.768788 Up to 
15 human kallikrein gene loci have been identified to date in total, 
but hK2 and PSA (hK3) represent the best studied ones, and are the 
ones most significantly associated with prostate cancer. 


Urine biomarkers 


Prostate cancer gene 3 


Prostate cancer gene 3 (PCA3) is a non-coding ribonucleic acid 
(RNA) that is expressed at low levels in normal prostate tissue, 
and highly overexpressed in prostate cancer tissue.8%° A quan- 
titative reproducible assay for the detection of PCA3 in the urine 
has been developed,®! and PCA3 gained approval by the US Food 
and Drug Administration in 2010 for the use in men who show a 
persistently elevated PSA after having undergone a negative pros- 
tate biopsy. 

Testing for the PCA3 gene requires a sample of first-stream urine 
after a prostate massage with three strokes per lobe, and PCA3 mRNA 
and PSA mRNA transcript copy numbers are consequently meas- 
ured in the sample. This PCA3 score is reported as a ratio of these 
two, with the PSA mRNA copy number accounting for and normal- 
izing the variable number of prostate cancer cells in the sample.” 

Several clinical studies have evaluated the use of the PCA3 
score in helping the decision-making of whether or not to biopsy 
patients at risk with elevated PSA serum levels. These studies 
included men undergoing a first prostate biopsy or men sched- 
uled for a repeat biopsy.°? In both settings, higher PCA3 scores 
were shown to be associated with the presence of prostate can- 
cer on biopsy,?!°? while other trials have demonstrated the abil- 
ity of PCA3 to predict tumour burden on subsequent radical 
prostatectomy specimens.?*?5 Different cut-off levels for PCA3 
scores have been tested, and controversy still exists as to which 


threshold to use when decision is made on whether to perform 
a biopsy or not.’ Initially a cut-off score of 35 was determined 
to be most appropriate in the early detection of prostate can- 
cer on biopsy.?°°” However, more studies confirmed that using 
this PCA3 threshold, a large number of cancers are being left 
undetected, and that lowering the cut-off level would enhance 
the detection rate.97-98 


Genetic markers and gene fusions 


Single nucleotide polymorphisms 
and microseminoprotein-f 


Genome-wide association studies identified several small nucleo- 
tide polymorphisms (SNP) that are associated with prostate can- 
cer and advanced or aggressive disease.°?-!0! SNPs are estimated 
to contribute significantly to the genetic inheritance of prostate 
cancer. One particular SNP, rs10993994, located on chromo- 
some 10q11.1 in the promoter sequence of microseminoprotein-B 
(MSMB), was found to be prevalent and contribute an independ- 
ently replicated, significant association of risk of prostate cancer. 102 
The MSMB-gene product (MSP) is—similar to PSA—a highly 
abundantly expressed protein in the prostate epithelium that is pre- 
sent at very high levels in the seminal fluid,!°> that is also expressed 
at abundant in mucosal tissues. 104 Several studies were able to con- 
firm that the MSMB SNP allele is very common (with a prevalence 
of 30-40% in Caucasians, and 70-80% in African- Americans), and 
significantly associated with an increased risk for the diagnosis of 
prostate cancer, whereas uncertainty remains regarding the associ- 
ation with adverse pathological features (higher stage and Gleason 
score). Using a nested case-control design with blood samples and 
data from the Multiethnic Cohort study, cancer risk was found to 
be associated with lower MSP across race, ethnicity, tumour stage 
or grade, and rs10993994-genotype. Therefore, regardless of race 
and ethnicity or rs10993994 genotype, men with low blood levels 
of MSP have increased risk of prostate cancer.!0° However, the pre- 
dictive accuracy of SNPs alone is rather poor, and they do not seem 
to enhance the predictive accuracy of PSA.! Klein et al. evalu- 
ated previously identified SNPs for association with prostate cancer 
and accuracy in predicting prostate cancer in a large prospective 
population-based cohort of unscreened men. Few independent 
SNPs at four independent loci remained significant after multiple 
test correction (p <0.001). However, prostate cancer risk prediction 
with SNPs alone was less accurate than with PSA measured at base- 
line (area under the curve of 0.57 vs. 0.79), with no benefit from 
combining SNPs with PSA.!°? Assessment of association between 
the six loci and prostate cancer risk in over 5,000 cases and 41,000 
controls from Iceland, the Netherlands, Spain, Romania, and the 
United States showed that SNPs at 10q26 and 12q24 were exclu- 
sively associated with PSA levels, whereas four other loci also were 
associated with prostate cancer risk. We propose that a personal- 
ized PSA cut-off value, based on genotype, should be used when 
deciding to perform a prostate biopsy.!°” 


Gene fusions 


Gene fusions may occur during translocation or deletions of specific 
genome sequences. These genetic rearrangements may be oncoge- 
netic trigger points in the development of malignant diseases.!°° The 
best studied gene fusion in prostate cancer involves the prostate- 
specific transmembrane protease serine 2 gene (TMPRSS2) and ERG, 
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an ETS transcription factor gene, both located adjacent to each other 
on chromosome 21q22. ERG is a key oncogene in the development of 
prostate cancer, and the fusion with TMPRSS2 occurs in about 50% 
of men with prostate cancer, which makes TMPRSS2:ERG the most 
prevalent gene fusion in human solid tumour development.101!0 
Similar to PCA3, TMPRSS2:ERG can be detected in the urine after 
prostatic massage, and has been described as an addition to PSA 
and other biomarkers in the prediction of prostate cancer.?®111 As 
the fusion mechanism of TMPRSS2:ERG might be under the influ- 
ence of androgens, publications studied the response of patients 
to hormonal therapy for advanced prostate cancer, and suggested 
that ERG-positive men showed a more favourable response, than 
patients that are ERG-negative.!!* However, data on the presence of 
TMPRSS2:ERG fusion and oncological outcomes remain controver- 
sial, as some studies suggest that it is associated with adverse patho- 
logical features and worse oncological outcome,!!3!4 while others 
could not demonstrate such association. 115-116 
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CHAPTER 6.5 


Screening for prostate cancer 


Fritz H. Schroder 


Introduction to screening 
for prostate cancer 


The purpose of this introduction is to set the scene for the rest of 
this chapter by giving a summary of the most progress made in 
those randomized studies of screening for prostate cancer which 
contribute high quality data to level I evidence. 


What is the proper level of evidence contributed 
by available data from randomized controlled trials? 


To date, there have been five randomized controlled trials (RCTs) 
including a total of 341,342 participants aged 45 to 80 years that 
have tried to evaluate prostate-specific antigen (PSA)-based pros- 
tate cancer screening. Each has a different design, different criteria 
for the stratification of risk in the screening arm, and have suffered 
from either too little power (i.e. too small), contamination, or lack 
of methodological rigour. Considering this heterogeneity, produc- 
ing level 1A evidence by combining the studies in meta-analysis is 
not easy or even impossible. Three such attempts have been pub- 
lished,!~> but contradict the outcome of the highest quality studies. 
In most experts’ view, only two of the RCTs used in the first and 
second cited systematic review! qualify for consideration of the 
high level of evidence that allows inclusion in a systematic review. 
Meta-analyses are complicated and depend largely on what trials 
are available, how they were carried out (quality of the trials), and 
how the healthcare outcomes were measured.* While the statement 
in that ‘all trials had one or more substantial methodological limita- 
tion’ is correct, ! all three attempted overview analyses in the views 
of the present authors do not adequately consider the differences 
in quality between the randomized trials included in the overview. 
This is also true for the paper on which the negative recommenda- 
tions of the US Preventive Services Task Force are based.’ The over- 
view compares the large European and American study, which in 
the view of these authors should not be compared at the same level 
of evidence for reasons detailed.’ The Prostate, Lung, Colorectal, 
and Ovarian (PLCO) study encountered pitfalls which are likely to 
significantly decrease the power of the study, and which preclude 
an outcome in line with the original purpose, that is, to show or 
exclude an effect of screening on prostate cancer mortality.° These 
include a very high level of 44% of screening prior to randomiza- 
tion, 53% of PSA use in the control group, and a compliance with 
biopsy indications of only about 40%.”8 In comparison to these 
facts, the methodological pitfalls of the European Randomized 
study of Screening for Prostate Cancer (ERSPC) study are relatively 
minor. The claim that treatment might have been more adequate 
and more aggressive in the screen arm is based on a brief statement 


in the summary of Wolters et al.? but is contradicted by a care- 
ful analysis of treatment in the screening and control arm of the 
Swedish study, which is claimed to be the main contributor to this 
contamination.!° Another study included in the meta-analysis! 
can be criticized even more heavily on methodological grounds. 
During the first two rounds of screening, only rectal examination 
was applied. This leads to inadequate screening, which is also con- 
firmed by the detection of 42 of 85 cancers diagnosed in the screen- 
ing arm as interval cancers. !? 

For these and reasons detailed later, we will mainly focus on the 
studies presenting the highest level of evidence; namely the ERSPC 
study and the Göteborg randomized screening trial,!° which is 
also part of ERSPC. 


Prostate cancer mortality reduction 
with screening—summary of the highest 
level of RCT evidence 


As for all cancer screening trials, cancer mortality is the primary 
end point on which power calculations are based. Overall mortality 
is evaluated to assess the accuracy of randomization. Figures 6.5.1, 
6.5.2, and 6.5.3, show the flow diagrams of the PLCO, ERSPC, and 
Göteborg screening trials. The PLCO trial showed no difference 
in PC mortality in the screen arm.” The ERSPC study, as a whole, 
shows at 11 years of follow-up that PSA screening produces a sig- 
nificant relative decrease in prostate cancer mortality of 21% and 
of 29% for screened men! (men who did not comply with ran- 
domization are excluded). The Swedish trial,!° which started one 
year after the ERSPC study, but is part of ERSPC, reported in 2010 
data based on 14 years of follow-up. This longer follow-up is due to 
the population-based character of the Swedish study where by law 
randomization to the control group was possible without informed 
consent allowing to randomize all participants at the same time. 
After 14 years, the trial reported a reduction of the relative risk of 
death from prostate cancer in the intention-to-screen analysis of 
44% and for men in fact screened (attendees) of 56%. 

Figures 6.5.4, 6.5.5, and 6.5.6, shows the Nelson—Aalen mortality 
curves of the PLCO (Fig. 6.5.4), the ERSPC, and Goteborg trials 
(Figs 6.5.5 and 6.5.6). The cumulative differences in mortality cited 
correspond to these curves. The authors of both studies acknow- 
ledge that prostate cancer screening is not yet ready for introduction 
at a population level, because of an imbalance in benefits and harms 
(the high rate of overdiagnosis and overtreatment is estimated in 
the range of 50%).!4 This issue and other aspects of quality of life 
have been used to calculate the net effect of screening in terms of 
quality of life adjusted life years.!> As a result of modelling out- 
comes per 1,000 men of all ages within the ERSPC study, a lifelong 
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Fig. 6.5.1 Flow diagram for male participants in the Prostate, Lung, Colorectal, and Ovarian (PLCO) cancer screening trial. 


Reproduced from Gerald L. Andriole et al., ‘Prostate Cancer Screening in the Randomized Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial: Mortality Results after 13 Years 


of Follow-up; Journal of the National Cancer Institute, Volume 104, Issue 2, pp. 125-32, Copyright © 2012, by permission of Oxford University Press. 


182,160 men of all ages underwent 
randomization 
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162,388 men in core 


underwent randomization 
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145 died during randomization 
process 
62 were in the screening group 
83 were in the control group 
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72,891 were assigned to the 
screening group 
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Prostate cancer cases 


6963 (9.6%) had prostate cancer 
6043 had prostate cancer in yr 1-9 
920 had prostate cancer in yr 10 

or late 
Risk-group distribution 
4198 (60.3%) were at low risk 
1495 (21.5%) were at intermediate 
risk 
515 (7.4%) were at high risk 
180 (2.6%) had M1 or PSA 
>100 ng/ml 
575 (8.3%) had missing data 


Prostate cancer cases 


5396 (6.0%) had prostate cancer 
4044 had prostate cancer in yr 1-9 
1352 had prostate cancer in yr 10 

or late 
Risk-group distribution 
2249 (41.7%) were at low risk 
1442 (26.7%) were at intermediate 
risk 
673 (12.5%) were at high risk 
424 (7.9%) had M1 or PSA 
>100 ng/ml 
608 (11.3%) had missing data 
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13,917 died from any cause 
299 (0.4%) died from prostate cancer 
189 died in yr 1-9 
110 died in yr 10 or late 


17,256 died from any cause 
462 (0.5%) died from prostate cancer 
274 died in yr 1-9 
188 died in yr 10 or late 


Fig. 6.5.2 Enrollment and outcomes in tl 


From The New England Journal of Medicine, Fritz 


he ERSPC study. 


H. Schröder et al, ‘Prostate-Cancer Mortality 


at 11 Years of Follow-up, Volume 366, Issue 11, pp. 981-90, Copyright © 2012 Massachusetts 


Medical Society. Reprinted with permission from Massachusetts Medical Society. 


gain of 73 years or 8.4 years per prostate cancer death avoided was 
calculated. The number of quality of life adjusted life years gained 
was 56, a reduction of 23% from the 73 life years. This informa- 
tion will be important for healthcare providers and public health 
authorities in judging on the value of prostate cancer screening. 


Definitions of screening 


In this chapter, we follow the criteria of screening defined by Wilson 
and Jungner!® in 1968. These criteria seem old but have survived 
and are still used in the critical assessment of cancer screening tri- 
als. These experts define screening as ‘the presumptive identifica- 
tion of unrecognized disease or defect by the application of tests, 
examinations of other procedures which can be applied rapidly’ 
The authors then state that screening tests differentiate apparently 
well persons from those who probably have a disease. A screen- 
ing test is not intended to be diagnostic. Furthermore, because all 
screening trials select for men at certain age groups, the definition 
of ‘selective screening’ applies. As the term is used for selection 
of high-risk populations, it may be applied to population-based 
screening. These procedures are strictly differentiated from ‘case 
finding’ of which the main object is ‘to detect disease and bring 
patients to treatment, in contrast to epidemiological surveys. 

The criteria of Wilson and Jungner will be used to structure the 
present chapter. The criteria are given in Box 6.5.1.16 


Quality requirements for screening trials, 
population screening, and case finding 


This chapter will provide a step-by-step discussion of the ten pre- 
requirements for population-based screening. In doing so, most 
information will be used to judge whether the requirements are 
presently met for prostate cancer screening trials and what the 
future perspectives may be. 
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Fig. 6.5.3 Trial profile, ERSPC Göteborg. 


Reprinted from The Lancet Oncology, Volume 11, Issue 8, Jonas Hugosson et al, ‘Mortality results from the Göteborg randomised popul 
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Fig. 6.5.4 Nelson—Aalen curves of PLCO, ERSPC, and the Goteborg trial. 
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Fig. 6.5.5 Cumulative hazard of death from prostate cancer among men 55-69 years of age in the ERSPC study. 
From The New England Journal of Medicine, Fritz H. Schröder et al, ‘Prostate-Cancer Mortality at 11 Years of Follow-up, Volume 366, Issue 11, pp. 981-90, Copyright © 2012 Massachusetts Medical 


Society. Reprinted with permission from Massachusetts Medical Society. 
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Fig. 6.5.6 ERSPC Goteborg—cumulative risk of death from prostate cancer using Nelson—Aalen cumulative hazard estimates. 
Reprinted from The Lancet Oncology, Volume 11, Issue 8, Jonas Hugosson et al, ‘Mortality results from the Goteborg randomised population-based prostate-cancer screening trial, pp. 725-732, 


Copyright © 2010 Elsevier Ltd, with permission from Elsevier, http://www.sciencedirect.com/science/journal/14702045 


‘The condition sought should be an important 
health problem’ 


This section leans on variations in prostate cancer incidence and mor- 
tality worldwide (this article!” is recommended reading). As seen in 
Figure 6.5.7,!7 incidence and mortality vary considerably with geo- 
graphic location. In most Western countries, prostate cancer is the 
most frequently diagnosed cancer and the second or third most fre- 
quent cause of cancer related deaths in men. The reasons for strong 
geographic variations are not entirely understood, but are likely to 
involve PSA testing. Classical examples include the rise of prostate 
cancer incidence in the United States between 1983 and 199318 fol- 
lowing PSA use advocacy, compared to a country where PSA use for 
early detection of prostate cancer has been strongly discouraged by 


the government (e.g. in Denmark the incidence did not rise in the 
late 1990s). The rise of PSA-driven incidence due to screening is 
considered undesirable and so no single country in the world at this 
moment recommends screening for prostate cancer using the PSA 
test. The incidence is due to so called ‘opportunistic screening, which 
may be patient and physician driven. The uncertainty about screening 
is the result of lacking evidence that damage and potential benefits 
of screening are in an acceptable balance. Prostate cancer mortality 
has shown trends to decrease in many countries around the world, 
often in line with an increased use of early diagnostic testing. Again, 
the most typical example is the United States. It is estimated!” that 
between 1996 and 2005 prostate cancer mortality has decreased at an 
annual rate of 4.3%, a total decrease of 43%. Obviously, this mortality 
decrease, which in trend is seen in many other countries, can not be 


Box 6.5.1 Pre-requirements for the application of screening 


10. 


. The condition sought should be an important health problem. 


. There should be an accepted treatment for patients with rec- 


ognized disease. 


. Facilities for diagnosis and treatment should be available. 
. There 


should be a recognizable latent or early 
symptomatic stage. 


. The natural history of the condition, including develop- 


ment from latent to declared disease, should be adequately 
understood. 


. There should be an agreed policy on whom to treat as 


patients. 


. There should be a suitable test or examination. 
. The test should be acceptable to the population. 


. The cost of case finding (including diagnosis and treatment 


of patients diagnosed) should be economically balanced in 
relation to possible expenditure on medical care as a whole. 


Case finding should be a continuing process and not a ‘once 
and for all’ project. 


Reproduced with permission from Wilson JMG and Jungner G., Principles 
and practice of screening for disease, pp. 26-27, World Health Organization, 
Geneva, Switzerland, Copyright © World Health Organization 1968. 
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conclusively explained at this present time. In a two-centre model- 
ling experiment, Etzioni et al.!° suggest that 45-70% of the mortal- 
ity decrease may be due to opportunistic screening. The remaining 
change in mortality is attributed to improvement in treatment, mainly 
by radical prostatectomy, radiotherapy, and maybe most importantly, 
radiotherapy combined with endocrine treatment in locally advanced 
disease.?°! An increase in incidence is also seen in some of the trad- 
itional low-risk countries of East Asia such as Japan. An unusual 
example is Korea, where incidence rise is accompanied with a rise in 
mortality. The best possible explanation for this may be the change of 
dietary habits in Korea, which in the past may have been the reason 
for the low incidence and mortality of this disease. 

Considering the available data, there is little doubt that the first 
requirement is met and that prostate cancer can be considered an 
important health problem. 


‘There should be an accepted treatment for patients 
with recognized disease and facilities for diagnoses 
and treatment should be available’ 


Significant progress in treatment of locally confined, locally 
advanced, and metastatic prostate cancer has been made in years. 
Technical improvements of radical prostatectomy led to improve- 
ments of functional and oncological outcomes.?*?> A large 
Scandinavian study compared radical prostatectomy to watchful 
waiting in 679 men randomized with a follow-up of 12.8 years.*4 
The study recruited selected clinical participants and very few 
screen-detected cancers. The study group found an absolute risk 
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Fig. 6.5.7 Join point regression of incidence and mortality in six selected areas. 
Reprinted from European Urology, Volume 61, Issue 6, Melissa M. Center et al, ‘International Variation in Prostate Cancer Incidence and Mortality Rates, pp. 1079-1092, Copyright © 2012 European 


Association of Urology, with permission from Elsevier, http://www.sciencedirect.com/science/journal/03022838 
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reduction of death from prostate cancer of 6.1% and a 38% rela- 
tive reduction. Overall survival improved in a similar fashion. In a 
study of 415 patients with locally advanced disease treated by either 
radiotherapy alone or androgen suppression for a period of three 
years post-treatment, a study group of the European Organization 
for Research and Treatment of Cancer (EORTC) found with a 
9.1-year follow-up significant improvements in prostate cancer 
specific and overall survival in the range of 25%.” After this key- 
note study, the question of whether hormone therapy might have 
the same effect remained open. This question was addressed by the 
Scandinavian Prostate Cancer Group in a study randomizing men 
with lymph node positive disease between endocrine treatment 
alone and endocrine treatment plus radiotherapy. The study found 
a significant advantage of the combination treatment. After this, for 
locally advanced disease radiotherapy plus endocrine treatment for 
a period of three years can be considered standard management. 
The period of post-radiotherapy treatment was subject to another 
EORTC study, which confirmed an advantage of the three-year 
treatment.?° Metastatic disease is rarely diagnosed through screen- 
ing. If so, standard forms of endocrine treatment are applied. 

In most countries, facilities for diagnosis and treatment of pros- 
tate cancer are readily available. If anything, as indicated in the 
previous section, there may be an overutilization of the available 
diagnostic tests, including PSA and subsequent biopsies. The large 
differences between incidence and mortality seen in Figure 6.5.7 
are also confirmed in the available randomized studies and over- 
diagnosis has been quantified to be in the range of 50%.!4 To curb 
opportunistic screening and the rates of overdiagnosis and over- 
treatment is one of the key issues to be dealt with in urological 
research in the nearby future. 

The performance characteristics of PSA were unknown for 
many years, until the placebo control arm of the Prostate Cancer 
Prevention Trial (PCPT) could be carried out. In more than 5,000 
men who initially presented with PSA values below 3.0 ng/mL (low 
risk), sextant prostate biopsies were carried out after a follow-up of 
seven years irrespective of PSA values or findings at rectal exam- 
ination. The data are summarized in Table 6.5.1 and derived from 


Table 6.5.1 Performance characteristics of prostate-specific antigen 


Any PCa vs. no PCa Gleason 27 vs. <7 or no PCa 


PSA level True pos (%) Trueneg(%) Truepos(%) True neg (%) 
ils 82.0 40.6 92.8 37.0 
1.6 67.4 58.8 84.4 54.8 
2 54.4 70.8 756 673 
2.6 43.6 79.6 67.2 76.5 
3 35.8 85.1 576 82.3 
4 245 923 40.4 90.0 
6. 54 98.0 132 97.8 
8 20 997 48 99.0 
10. 1.0 99.5 24 995 


Reproduced from lan M. Thompson et al, ‘Assessing Prostate Cancer Risk: Results from the 
Prostate Cancer Prevention Trial, Journal of the National Cancer Institute, Volume 98, Issue 8, 
pp. 529-34, Copyright © 2006, by permission of Oxford University Press. 


Thompson et al.?6 In this setting where all men were biopsied posi- 
tive and negative predictive values are identical to sensitivity and 
specificity. It is evident from the data shown that there is no cut-off 
where sensitivity and specificity would match in a reasonable way. 
Clearly, any of the usual cut-off values utilized such as a PSA value 
of 24.0 ng/mL or 23.0 ng/mL misses substantial numbers of cancers 
and also substantial numbers of aggressive cancers (characterized 
as having biopsy Gleason scores of 27). Unfortunately, no single 
more selective marker seems to become available in the nearby 
future. Some evidence from multiparametric MRI studies suggest 
selective detection of aggressive and non-aggressive prostate can- 
cers when compared to ultrasound driven biopsies. These studies 
are very heterogeneous and require confirmation in prospective 
studies preferably in a multicentre and randomized setting.*”78 

In conclusion, on these two pre-requirements for screening, the 
answer could be: yes, adequate treatment is available. Unfortunately, 
while there is no doubt that PSA-driven diagnostic work-ups find 
prostate cancer at an early (often too early) stage, an optimal diag- 
nostic regimen is still to be found. 

There should be a recognizable latent or early symptomatic stage 
and the natural history of the condition, including development 
from latent to declared disease, should be adequately understood. 

This issue cannot be discussed in detail without giving a descrip- 
tion of the natural history of prostate cancer, including estimates of 
the time spent in each disease stage (Fig. 6.5.8; a schematic presen- 
tation of our understanding of initiation and progression of pros- 
tate cancer to clinical disease). 

The best information on the pre-clinical prevalence of prostate 
cancer comes from autopsy studies. The classical paper by Franks?? 
analysed the incidence of incidentally found prostate cancer at aut- 
opsy in 1,050 men subclassified in 10-year age groups. Remarkably, 
and in contradiction with the findings of Sakr,*° no prostate cancer 
was found in men younger then 50 years. For the age groups 50-79, 
the prevalence of usually small lesions was 29-40%, rising to 67% 
in the age group 80-89. Sakr? reported autopsy findings on 249 
men who died early in their life, usually of traffic accidents, and 
found in the fourth, fifth and sixth decade ‘incidental invasive car- 
cinoma’ in 29%, 32%, and 55% of cases, respectively. Very little 
so far is known about mechanisms of disease initiation. The large 
discrepancies between the prevalence of autopsy detectable pros- 
tate cancer, clinically apparent disease, and the frequency of death 
from prostate cancer, suggests a selective progression process. The 
large geographic variation in prevalence of clinical disease,!” is best 
explained by differences in lifestyle. A causal relationship between 
damaging or protective dietary substances has not conclusively 
been established. However, early evidence derived from Japanese 
migrants to Hawaii and to the mainland of the United States is con- 
firmatory. In a classical study, Akazaki and Stemmermann?! com- 
pared the incidence of the proliferative type of latent carcinoma in 
239 mainland Japanese men to 158 migrants to Hawaii. The preva- 
lence was 5.1 and 20.9%, respectively. 

The next step in the biological progression of the disease is an 
increase in tumour volume that makes it biopsy detectable. This is 
a subjective end point (i.e. it varies with different biopsy schedules, 
anatomical location, and chance). An accepted definition of insig- 
nificant disease is well-differentiated (Gleason score <6), of low 
volume (below 0.5 mL or 0.2 mL), and with a low PSA value (e.g. 
<10 ng/mL). Considering the haphazard nature of blind ultrasound 
guided prostate biopsy, some of these cancers will inevitably be 
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Fig. 6.5.8 Initiation and progression of prostate cancer. 


detected. A comparison of biopsy detection rates with the propor- 
tion of cancer found incidentally at autopsy allows a limited quan- 
tification. One study found 42% of unsuspected prostate cancer in a 
systematic pathology evaluation of clinically unsuspicious prostates 
removed as part of cystoprostatectomy specimens in treating blad- 
der cancer.3* The data derived from the control arm of the PCPT 
study referred to above,” describes a detection rate of 21% in a 
setting where all men are biopsied. The cumulative incidence in 
the Dutch section of ERSPC, amounted to 11.6% with three to four 
screens conducted over 8 to 12 years.!3 This shows that even ran- 
dom sextant biopsies detect a large proportion of cancers otherwise 
only seen at autopsy. 

The prevalence of clinically apparent disease varies strongly 
between geographical regions.!” In the ERSPC control arm (non- 
screened), in Rotterdam, the cumulative incidence of clinically 
detected cases amounted to 5.6 in the age group 55-69 over an 
11-year period. The difference between the screen and control 
group prevalence also gives an indication of the amount of overdi- 
agnosis and potential overtreatment which occurs with screening. 
The time period by which the diagnosis of cancer is moved forward 
with respect to clinical detection is called lead time. The lead time 
was estimated to be in the range of 10-12 years.!4 

The remaining steps of the natural development of prostate cancer 
are indicated with time estimates in Figure 6.5.4. The progression 
period of eight years relates to men who have undergone radical 
prostatectomy and develop recurrence. The orange arrow indicates 
the time from development of metastatic disease to prostate cancer 
death. Overall, the known periods of natural history therefore add 
up to about 25 years. This long time of progressive development of 
prostate cancer needs to be taken into account when interpreting 
data coming from screening and treatment studies of this disease. 

This section needs to be concluded by returning to statements by 
Wilson and Jungner. In answer, yes, there is a recognizable clinic- 
ally latent stage. Its use in early detection however leads to signifi- 
cant amounts of overdiagnosis and overtreatment. Furthermore, 
there is a considerable knowledge about the natural history of 
prostate cancer. This knowledge, however, creates a complicated 
situation and considerable difficulty in interpreting the relevance 
of screen-detected cancers at a population level. For space reasons, 
this detailed discussion was limited to the diagnosis of prostate 


cancer in general and did not consider the progression from well- 
differentiated to more aggressive forms. 


There should be an agreed policy on whom 
to treat (pre-requirement six) 


At the first glance the answer to this question seems to be ‘yes? 
All major professional guidelines indicate all available treatment 
options for locally confined prostate cancer including active sur- 
veillance, radical prostatectomy, and radiotherapy (see latest EAU, 
AUA, and NCCN guidelines). Other options such as focal treatment 
are still under development. However, laymen and the medical 
advisors are confronted with difficult decision which require exten- 
sive discussion. Expected outcomes need to be predicted factoring 
in tumour characteristics, treatment options, potential side effects, 
expectations of quality of life, general health status, and life expect- 
ancy of the patient. While treatment options are clearly defined 
treatment choice remains difficult, and ‘general agreement’ while 
suggested by guidelines remains difficult to apply. Recent data from 
California show that even in the lowest risk group active, invasive 
treatments are still the preferred options with active surveillance 
only being applied in 6.8% of such cases.*? Treatment options have 
already been dealt with under 2b. 


There should be a suitable test or examination and 
the test should be acceptable to the population 


The combination of digital rectal examination (DRE) and PSA 
can be considered as clinical standard for the diagnosis of non- 
metastatic prostate cancer, even in 2012. Both parameters are 
included in most current guidelines of professional organizations. 
Transrectal ultrasonography (TRUS) is usually only carried out if a 
biopsy of the prostate is indicated by either DRE, PSA, or both in 
conjunction. The value of TRUS as a screening test will be briefly 
discussed, but TRUS is no longer recommended as a primary 
screening tool. 


Digital rectal examination as a screening test 

The first suggestion that an induration in the prostate noticed by 
the palpating finger could indicate early prostate cancer came from 
a prospective non-comparative study carried out in the US army 
in the 1950s.34 This study, which showed that DRE might be of 
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value in diagnosing prostate cancer in a potentially curable state, 
had strong influence on the introduction of DRE based screen- 
ing in Germany by law in 1971. Further discussion of the value of 
DRE in the context of this chapter is useful only in conjunction 
with PSA by addressing the combined value and the added value 
of DRE to this important serum marker. Obviously, the extensive 
international discussion of this issue during years could only take 
place after comprehensive studies of PSA as a marker for early pros- 
tate cancer. The first study presenting such evidence was.*° Stamey 
and co-workers evaluated serum samples from 699 men presenting 
to their clinic of whom 378 had prostate cancer. Their study aimed 
at comparing prostate-specific antigen to prostatic acid phosphat- 
ase, the only marker available before the establishment of PSA. The 
authors found that PSA was elevated in 122 of 127 patients with 
newly diagnosed prostate cancer, prostatic acid phosphatase (PAP) 
was only elevated in 57 of those patients. Also, the authors describe 
for the first time that PSA was elevated in men with enlarged pros- 
tates as compared to PAP. Furthermore, they described a half-life 
of PSA after radical prostatectomy of 2.2 days, the effect of rectal 
examination on PSA levels, and they concluded that PSA is a more 
sensitive marker than PAP in the detection of prostate cancer. In 
1991, another study showed that PSA was useful in early detection 
of prostate cancer and that it correlated with the extent of the dis- 
ease.°° During the following years the potential added value of DRE 
and TRUS became important issues in urological literature. This 
discussion will be limited to some of the most important studies. 
In an advertised screening setting Catalona et al. reported on 6,630 
males above the age of 50 who underwent PSA testing and DRE. 
Quadrant biopsies were performed with PSA levels 24.0 ng/mL or 
with a suspicious rectal examination. Two-hundred and sixty-four 
cancers were detected with 1,167 biopsies, a detection rate of 4.5%. 
PSA detected significantly more tumours than DRE. However, the 
combined use of both predictors increased the positive predictive 
value (PPV) above that of PSA or DRE separately. The PPV of PSA 
in detecting locally confined disease was significantly higher. The 
authors concluded that both DRE and PSA should be used in con- 
junction. Their data, however, also showed a very low PPV of 10% 
of DRE for men with a PSA value of <4.0 ng/mL.*” 

The issue was again addressed within the ERSPC study. In total, 
10,523 men age 54-76 who were randomly assigned to the screen- 
ing arm were evaluated.*® This study also correlated PSA levels 
to parameters of aggressiveness, particularly to the prevalence of 
potentially insignificant, overdiagnosed cancers. Four-hundred 
and seventy-three (473) cancers were found, a detection rate of 
4.5%. The study confirmed a strong positive relation of PPV values 
to PSA ranges and a low PPV and detection rate of DRE alone of 
only about 10% in men with PSA values of <3.0 ng/mL, while the 
PPV of DRE above 3.0 ng/mL amounted to 46%. In addition, 42% 
of cancers identified with PSA values <4.0 ng/mL could be classi- 
fied as ‘minimal cancers. These findings suggested that DRE might 
not be a useful test, at least in men with low PSA values. 

The information described by Schröder et al.** eventually led 
to the omission of DRE from the screening algorithm of ERSPC 
all together. A validation of this step carried out during the year 
2000 compared the test characteristics of PSA 23.0 ng/mL vs. PSA 
24.0 ng/mL plus DRE in a comparative study of 7,943 vs. 8,612 par- 
ticipants, respectively. It turned out that the PPV of PSA 23.0 ng/mL 
amounted to 24.3% and was significantly higher than the 18.2% 
found with the combination of PSA and DRE as biopsy indications. 


These validation data confirmed the change of biopsy policies to 
PSA alone in ERSPC, but left open the question of the future fate 
of cancers that might have otherwise been detected by DRE. This 
issue was addressed later by evaluating the cancer detection rate 
and cancer aggressiveness, as well as interval cancers in men par- 
ticipating in the second round of screening four years after the ini- 
tial screen. The findings in the second screening round were related 
to the results of DRE and TRUS during the first screening round. 
Somewhat surprisingly, the detection rate with or without an ini- 
tially suspicious DRE was identical at 6% and obviously did not 
differ significantly. The proportion of clinically significant cancers 
by biopsy parameters was 2% and 1% for men with initially abnor- 
mal or normal DRE. Also, the proportion of interval cancers was 
low and amounted to 1.1% after four years in both groups. Logistic 
regression analysis also revealed no significant prediction of an 
initially abnormal rectal examination for the presence of prostate 
cancer in second and third screens. From this information, it was 
concluded that the omission of DRE as a screening test is acceptable 
and does not lead to missing more cancers and more significant 
cancers then using PSA alone as a biopsy indication.3%40 


Prostate-specific antigen 

As a result of using cut-off values in all clinical and screening stud- 
ies reported, the true performance characteristics of PSA remained 
unknown, until data of a population of men who were all biopsied 
irrespective of their PSA value were published.*° The results have 
been addressed above and showed that there is no level of sensitiv- 
ity and specificity which matches to define a common cut-off value 
and that each cut-off value used will miss prostate cancers and 
aggressive prostate cancers. These findings, more than anything 
before, question the value of PSA as a marker for prostate cancer 
and stress the need for the development of markers which pro- 
vide selectiveness for the identification of potentially insignificant 
or indolent versus aggressive disease. Preferentially, such markers 
should avoid the biopsy of prostates in men who are likely to har- 
bour insignificant, potentially overdiagnosed lesions all together. 
At present, the identification of indolent cancer is possible, but 
only after the diagnosis has already been established.4! Once pros- 
tate cancer is diagnosed, its carrier is burdened with lifelong worry 
and the need of follow-up, even if he harbours a tumour which will 
never progress during his lifetime and become life-threatening, and 
even if the choice of treatment is active surveillance. 


Transrectal ultrasonography 
TRUS is no longer utilized as a screening test but is essential for 
directing the biopsy needle when conducting prostatic biopsies. 
TRUS does not allow to identify details and even the claim that 
the prostate cancer presents as an hypoechogenic lesion is heav- 
ily debated. Because TRUS biopsy is non-targeted and random in 
character resulting in a very low specificity for detection of any PC 
and for the selective detection of aggressive PC, there is an urgent 
need to develop more targeted biopsy techniques. Multiparametric 
MRI offers a glimpse of hope in this respect.?7° 

The authors have serious doubts about the ‘suitability’ of the pres- 
ently available tests for all of the reasons outlined in this chapter, 
and feel that the answer to Wilson and Junger’s prerequirement 
should be ‘no’ while available information suggests that present 
diagnostic procedures are well accepted by males in general. In the 
future, multiparametric MRI shows promise as a more specific (but 
expensive) tool for visualizing prostate cancer. 


The cost of case finding (including diagnosis and treatment of 
patients diagnosed) should be economically balanced in relation 
to possible expenditure of medical care as a whole. Case finding 
should be a continuing process and not a ‘once and for all’ project. 

A cost-effectiveness analysis combining early detection and 
treatment options of prostate cancer is at present not available. The 
fact is, however, that healthcare systems have accepted the expenses 
resulting from diagnoses made as a result of opportunistic screen- 
ing. Once, if ever, screening for prostate cancer becomes a general 
healthcare policy, cost-effectiveness of early diagnosis and treatment 
has to be determined and put into perspective with the expenses of 
advanced prostate cancer, and also with accepted healthcare poli- 
cies per country for affordable expenses per life-year saved. 

Prerequirement 10 is easily met. The large randomized controlled 
trials of screening have all shown that repeated screening is feasible 
and acceptable.4#-48 


Conclusion 


Screening for prostate cancer is common as ‘opportunistic screen- 
ing, but has not yet been established as a healthcare policy any- 
where. While an effect on prostate cancer mortality has been shown 
by studies providing a high level of evidence, the harm caused by 
screening, mainly a high rate of overdiagnosis, prevents the formal 
introduction. This outlines the major need for progress of applied 
research which can be identified in 2013 in relation to screening 
for prostate cancer. The comparison of the present status of skills 
and knowledge with the prerequirements established by Wilson 
and Jungner identifies other areas where progress is needed in a 
potentially useful way. 
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CHAPTER 6.6 


Clinical features, assessment, 
and imaging of prostate cancer 


Anders Bjartell and David Ulmert 


Introduction to clinical features 
of prostate cancer 


Clinical features of prostate cancer have changed since the intro- 
duction of the prostate-specific antigen (PSA) blood test in the 
early nineties. The use of this test has produced a stage migration 
so that most cancers are now detected while locally confined to the 
prostate. Historically around one-third of cancers were detected 
with metatstases, one-third due to their advanced clinical stage 
(e.g. presenting with lower urinary tract symptoms), and only one- 
third were locally confined. Today, most patients are asymptomatic 
at the time of diagnosis and do not have any palpable tumour at 
digital rectal examination (DRE). Classification of newly diagnosed 
prostate cancer is now uniform worldwide and follows the tumour- 
node-metastases (TNM) system. An accurate assessment of disease 
extent is critical for predicting the outcome of curative treatment 
in men with clinically localized prostate cancer. For prognostica- 
tion, the level of PSA in blood and tumour grade in prostate biop- 
sies is also of major importance. Although the role of imaging has 
increased after technological improvements, there is still a need for 
pelvic lymph node dissection in many men for optimal staging of 
nodal status. Besides population-based screening for prostate can- 
cer, men with symptoms from the urinary tract, skeletal pain, and 
general signs of malignacy need a DRE and PSA test. This is par- 
ticularly true for men with first-degree relatives diagnosed with 
prostate cancer. In men with abberant DRE or PSA findings, a tran- 
srectal ultrasonography (TRUS)-guided prostate biopsy is then 
needed to clarify the diagnosis. The aim of clinical staging is to pro- 
vide the urologist and the patient with correct information regard- 
ing whether the disease is localized, locally advanced, or metastatic, 
for optimized decision-making. 


Clinical and pathological staging 


Clinical staging is the assessment of disease extent based on clin- 
ical pretreatment parameters (DRE, PSA, prostate biopsy exam- 
ination and imaging), whereas pathological staging utilizes the 
histopathological information obtained after surgical removal of 
the prostate and lymph node dissection. For prediction of outcome 
after prostatectomy, the following criteria are recognized to be 
important: tumour Gleason grade; surgical margin status (SMS); 
extraprostatic extension (EPE); seminal vesicle invasion (SVI); 
and pelvic lymph node involvement (LNI). For prediction of bio- 
chemical recurrence (BCR) after prostatectomy, nomograms have 


become popular.!-3 Nomograms may be used pre- or postopera- 
tively and allow prediction of prostate cancer recurrence for up to 
15 years after radical prostatectomy. 

The classification system used for clinical staging today is the TNM 
classification, which was introduced in 1975 by the American Joint 
Committee for Cancer Staging and End Results Reporting (AJCC).4 
It has since undergone several revisions, mainly concerning clas- 
sification of palpable organ-confined tumours, or cT2. Although a 
non-palpable tumour detectable at TRUS is to be classified as T2, it is 
commonly considered as T1c today. The latest version of TNM staging 
for prostate cancer is available from the American Joint Committee 
on Cancer (AJCC) and the lastest version (7) was approved in 2016.°* 


Prediction of tumour extent 


Digital rectal examination 


Since the introduction of PSA testing, DRE is no longer the 
most important or common reason to diagnose prostate cancer. 
Nevertheless, the DRE is important to determine local disease 
extent (i.e. the primary clinical T-stage). The poor sensitivity, 
poor specificity, and the lack of reproducibility of DRE become 
obvious in populations screened using PSA. However, within such 
populations, an abnormal DRE is predictive of poorly differenti- 
ated prostate cancer (Gleason 8-10) or advanced tumour stage, 
and therefore abnormal DRE findings should be investigated with 
TRUS biopsy.”*® However, DRE has a poor accuracy for deter- 
mining the extent of the disease. Many studies have described 
non-organ-confined prostate cancer at pathological examination 
(stage pT3) in patients whose tumour feels less advanced on 
DRE.? Taken together, DRE can both over and underestimate the 
local extent of prostate cancer, and it is best used in combination 
with PSA, Gleason grade, and other pretreatment parameters. 


Prostate-specific antigen 


The role of prostate-specific antigen (whether total or a subfrac- 
tion) is described in more detail in Chapter 6.4. Despite the poor 
specificity of an elevated PSA, which may occur due to cancer, 
benign prostatic hyperplasia (BPH) or prostatitis at low or mod- 
erately elevated levels,!° the usefulness of this parameter to predict 
disease extent can not be neglected. The level of PSA is a continous 
parameter. In general, increased values suggest an elevated risk of 
prostate cancer!! and are reflective of increasing disease extent. 
Although it is rare, aggressive and poorly differentiated prostate 
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cancer may not secrete PSA and therefore, it may be found in men 
with very low PSA levels. 


Transrectal ultrasonography 


The early detection of prostate cancer has not only benefited from 
PSA testing but also from systematic TRUS-guided prostate biopsy 
techniques. Transrectal ultrasonography was first described by 
Watanabe and colleagues, !? and brought to routine clinical use after 
technical improvements and the introduction of the TRUS-guided 
systematic sextant biopsy protocols.!*-!4 Today, it is the most com- 
monly used imaging method for evaluation of the prostate, and 
usually performed in a greyscale mode. A transducer with a fre- 
quency range of 6-10 MHz is used in a side-fire endorectal probe. 
The examination usually starts by careful visualization of the gland 
from the base to the apex. The separation into different histological 
zones is not always easy to find, however the peripheral zone (PZ) 
and the transition zone (TZ) are sonographically visible in most 
glands. Measurement of the prostate total volume is performed in 
the transverse and sagittal plane and calculated by the formula of an 
ellipse (length x width x height x 0.52) (Fig. 6.6.1). The peripheral 
zone is then carefully examined for hypoechoic lesions, which may 
represent tumours. Unfortunately, other disease processes such as 
granulomatous prostatitis, prostatic infarct, and lymphoma may 
also give rise to hypoechoic areas. The TZ is enlarged, and the per- 
ipheral zone usually thin. Corpora amylacea are calcifications fre- 
quently observed along the surgical capsule in the border between 
TZ and PZ. Multiple small calcifications and cysts may be related to 
prior infection and not considered as signs of maligncy. The sem- 
inal vesicles and vasa deferentia should be fully visualized in the 
complete examination. 

Typically, a tumour is identified as a hypoechoic area in the per- 
ipheral zone of the prostate gland. Most cancer lesions arise in 
this zone and therefore biopsies should be taken from all identi- 
fied hypoechoic areas as well as throughout the PZ. The sensitiv- 
ity and specificity of identifying tumour areas are not optimal, and 
TRUS is often considered as a less reliable method for identify- 
ing areas of malignant tissue at clinical stage T1c. Consequently, 
it is not possible to only rely on targeted biopsy, but instead it is 
necessary to systematically biopsy the whole gland. Early studies 


found that TRUS is unable to reliably localize low-volume prostate 
cancers with a detection rate of only 64% in patients undergoing 
prostatectomy.!° In a study by Rifkin et al.!® the overall accuracy 
of TRUS at detecting extracapsular extent was 46%, with sensitivity 
and specificity of 66% and 46%, respectively. A contemporary ser- 
ies of almost 4,000 patients, has confirmed that the value of TRUS 
for staging of pathologically confirmed prostate cancer is limited.!” 
Colour Doppler function is available today and can show hyper- 
vascularized areas in the periperal zone representing tumours.!® 
Although it may increase the accuracy in tumour detection, many 
urologists do not use it routinely and large prospective trials are not 
yet available. Taken together, greyscale TRUS is not reliable enough 
to detect tumours, and it is therefore not a candidate to replace sys- 
tematic biopsies with additional targeted samples of suspect areas. 
The important roles of TRUS are to measure prostate size and as a 
guiding tool for biopsy. 


Prostate biopsy 


Guidelines for prostate biopsy, focusing on indications, techniques, 
and implications for patient care were reviewed by Ukimura et al.!° 
The authors showed that the significance of prostate biopsy is not 
only pure cancer detection but also important for better character- 
ization of clinically important cancer versus indolent cancers and 
to assist in clinical management of the individual patient. Local 
anaesthesia is generally recommended, and it is easily deposited as 
periprostatic infiltration with a fine needle in the biopsy channel of 
the transrectal probe.”° Use of antibiotics prior to prostate biopsy is 
also strongly recommended. It can be administered intravenously, 
but it is most often given orally. Optimal dosing and length of treat- 
ment vary considerably. Ciprofloxacin is commonly used, although 
there may be an association between last year’s increased resistance 
to quinilones and a rise in severe post-biopsy infections.”! Severe 
infections with septicaemia and hospitalization may occur within 
a few days. Although the incidence was earlier considered as very 
low, this rate has increased as a consequence of antibiotic resistance 
strains.2? A prospective multinational multicentre investigation 
(Global Prevalence Study of Infections in Urology, GPIU) was per- 
formed at 84 different centres over two weeks in 2010 to evaluate 
the incidence of infective complications after prostate biopsy and 
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Fig. 6.6.1 (A) and (B) show transrectal ultrasonography measuring prostate size using an endorectal probe. 
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to identify risk factors.?3 Despite antibiotic prophylaxis, 5% of men 
(27/521) experienced an infective complication and required hos- 
pitalization in 3.1% (n = 16). A high incidence of fluoroquinolone 
resistance was confirmed. Complications after transrectal prostate 
biopy also include urinary retention, rectal bleeding, visible haema- 
turia, and haematospermia. Warfarin and similar anticoagulantia 
are contraindicated, whereas aspirin is not.*4 Fine needle aspiration 
biopsy from the prostate is no longer considered good practice. 


Initial biopsy 

The most important indications for initial prostate biopsy are ele- 
vated PSA level and a suspicious DRE. Before deciding to biopsy, 
the patient’s biological age, co-morbidities (Charlson co-morbidity 
index, CCI, or American Society of Anesthesiologists’ identifica- 
tion system for a patient’s medical status, ASA), and therapeutical 
options should be taken into consideration. If PSA is within the 
greyzone (3-10 ng/mL), then verification by a repeat PSA test after 
a few weeks may be recommended.° A search for confounding fac- 
tors such as cystoscopy, catheterization, or urinary tract infection 
must be performed.”® Risk stratification has become an important 
tool to reduce unnecessary prostate biopsies. Different risk calcula- 
tors based on nomograms are available online for patients and doc- 
tors to support decision-making, and one of these is developed from 
the European Screening Study for Prostate Cancer (ERSPC).?7-*9 

Recommendations of how many individual prostate biopsies 
should be obtained have changed. Sextant biopsy is no longer consid- 
ered adequate. Recent data supports an extended protocol of 10-12 
cores with additional cores where DRE or TRUS indicates a lesion!” 
(Fig. 6.6.2, Fig. 6.6.2A). Haas et al.*° performed a careful analysis 
with step-sections and revealed a detection rate of 80% with regard 
to clinically signficant tumours if a 12-core technique was used. This 
recommendation was empahsized in a study evaluating a 20-core 
prostate biopsy protocol.3! Most studies underline the importance of 
lateral and apical sampling covering the peripheral zone. 

As an alternative to transrectal biopsy, some urologists prefer to 
use an ultrasonography-guided perineal approach. This is also suit- 
able in patients after rectal amputation. Improved cancer detection 
has been described by saturation biopsies, usually performed with 
a transperineal approach under anaesthesia in a hospital setting.1° 
However, advantages with this technique have been questioned in 
subequent studies.** A contemporary study showed that the cancer 
detection rate is comparable between perineal and transrectal pros- 
tate biopsies.’ A drawback with perineal saturation biopsy is an 
increased risk of urinary retention (10%),*4 and the risk of detect- 
ing indolent, less harmful cancers not requiring immediate treat- 
ment, which should also be taken into account. 


Repeat biopsy 

Around 20% of cancers are not detected on the first TRUS-guided 
biopsy. Indications for repeat biopsy are (i) a continous rising or a 
persistently elevated serum PSA; (ii) suspicious DRE or TRUS find- 
ings; (iii) the presence of atypical small acinar proliferation (ASAP) 
in previous biopsy samples; or (iv) multiple cores with prostatic 
intraepithelial neoplasia (PIN) in the previous biopsy.?° The num- 
ber of transrectal cores in repeat prostate biopsy should be at least 12 
and should include samples from the TZ. Biopsies may be increased 
to 20 cores without an increased complication rate. When collect- 
ing adequate tissue for analysis, attention should be paid to include 
the PZ, the apical portion, as well as sampling from suspicious areas 
(Fig. 6.6.2B). Repeat biopsy is included in most protocols for active 


surveillance (AS) of men with clinically low-risk prostate cancer, but 
recommendations for the number and timing of rebiopsy vary.!? 
The use of magnetic resonance imaging (MRI) to identify anterior 
tumours has become increasingly popular. MRI-guided prostate 
biopsy is available at many centres today, and MRI also have a role 
in AS protocols.’ Diagnostic transurethral resection of the prostate 
(TURP) is considered of limited value for cancer detection and sta- 
ging, and it is no longer recommended by the EAU Guidelines.”° It 
can be concluded that the paradigm of initial and repeat prostate 
biopsy have changed, and it is expected to be further revised soon. 
This is not only due to rapid technical improvements, but is also a 
result of ongoing discussions of how to reduce overdiagnosis and 
overtreatment of low-risk prostate cancer. 
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Fig. 6.6.2 Cartoons illustrate schemes for initial (A) and repeat prostate 

biopsy (B). 

Reprinted from European Urology, Volume 63, Issue 2, Osamu Ukimura et al., ‘Contemporary 
Role of Systematic Prostate Biopsies: Indications, Techniques, and Implications for Patient Care, 
pp. 214-230, Copyright © 2012 European Association of Urology, with permission from Elsevier, 
http://wwwsciencedirect.com/science/journal/03022838 
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Combination of multiple pretreatment parameters 


Although several pretreatment parameters are used for prediction 
of tumour extent, none of these are good enough in isolation to 
predict the pathological stage accurately. The number of predic- 
tion tools using clinical parameters has increased markedly over 
the last few years. Today, stage predictions are most precisely 
performed using nomograms or similar algorithms that integrate 
multiple clinical parameters. For example, age, DRE findings, clin- 
cal T-stage, serum PSA level, biopsy Gleason grade, and number 
of positive biopsies are usually combined to predict pathological 
T-stage, extracapsular extension, seminal vesicle invasion, lymph 
node involvement, and prostate cancer-specific survival 5-10 years 
after surgical treatment with curative intent. User-friendly predic- 
tion tools are available to the public on various websites.!*>° The 
most robust are those with external validation using tumours from 
other centres. The Kattan nomogram has also been evaluated to 
predict mortality up to 15 years after radical prostatectomy?’ show- 
ing that poor differentiation grade and seminal vesicle invasion 
are the most important determinants of prostate cancer mortality. 
Other classification algorithms for patient counselling have been 
developed and validated, including the Cancer of the Prostate Risk 
Assessment (CAPRA) score*®? and risk stratification developed 
by D'Amico in 1998.40 For the latter, freedom from recurrent dis- 
ease 10 years after radical prostatectomy occured in 83% of the low- 
risk group (cT1-2a, PSA 10 ng/mL or less, or Gleason score 6 or 
less), 46% of the intermediate group (cT2b, PSA 10-20 ng/mL, or 
Gleason score 7) and 29% of the high-risk group (cT2c, PSA greater 
than 20 ng/mL, or Gleason score 8-10). Since prediction tools are 
developed from a certain cohort, they are not always reliable when 
applied to different populations (e.g. if differences in PSA use for 
prostate cancer detection are likely to occur due to differences in 
the stage migration rates). However, they are generally useful for 
patient counselling. 


Pelvic lymphadenectomy 


The golden standard for nodal (N) staging in prostate cancer 
patients is operative pelvic lymphadenectomy. Detailed studies from 
Studer et al. and others have clearly described that lymph drainage 
from the prostate gland is not always found in the obturator fossa. 
Thus limited/standard pelvic lymph node dissection (PLND) will 
therefore miss about 50% of lymph node metastases.4!-* Today, 
extended lymph node dissection with removal of tissue along the 
external iliac vessels and the internal iliac artery is strongly recom- 
mended, although it will not detect possible metastases in the presa- 
cral area.*4 Before making a final decision, possible side effects and 
disadvantages should be considered, for example longer operation 
time with increased risk of complications including lymphocoele, 
thrombosis, and perioperative complications. Decision-making on 
whether PLND is indicated can be supported by the use of nomo- 
grams, but there is a great variation between different centres in 
regard to how and when to perform PLDN. Commonly used indi- 
cations for PLND are the Gleason score of the biopsy with domi- 
nating grade 4 or higher, clinical stage T2b-T3, PSA greater than 
10 ng/mL, or enlarged lymphnodes if radiographic evalaution has 
been performed. Recent improvements in imaging techniques to 
replace or to indicate PLDN to be performed are discussed below. 
CT scans have a poor accuracy for preoperative nodal-staging, as 
demonstrated by Briganti et al. who evaluated a contemporary 


series of 1,541 patients undergoing radical prostatectomy and 
extended PLND between 2003 and 2010 at a single centre. Overall, 
sensitivity, specificity, and accuracy of CT scan were 13%, 96.0%, 
and 54.6%, respectively, and at multivariable analyses, inclusion of 
CT scan findings did not improve the accuracy of LNI prediction. 


Molecular staging 


Several attempts have been made to develop sensitive methods for the 
detection of metastatic spread by isolation of circulating tumour cells 
(CTCs) from peripheral blood. The semi-automated CellSearch® sys- 
tem (Janssen Diagnostics LLC, Raritan, NJ) is approved by the FDA 
in America for monitoring the treatment response in patients with 
metastatic breast and prostate cancer, but is not sensitive enough 
to be used for initial staging at diagnosis. This technology utilizes 
a combination of centrifugation and immunostainings to indirectly 
identify tumour cells with epithelial characteristics. A role of detect- 
ing CTCs in staging prostate cancer with limited tumour burden is 
still unclear, whereas the usefulness of measuring response to new 
treatments for metastastic prostate cancer is more proven.*° 


Imaging 
Magnetic resonance imaging 


One of the most promising developments in tumour detection and 
staging has been the use of multimodality MRI. Multiparametric 
MRI, which combines anatomic T2-weighted (T2W) imaging with 
MR spectroscopic imaging (MRSI), diffusion-weighted imaging 
(DWI), and/or dynamic contrast-enhanced MRI (DCE-MRI) 
appears relatively robust at detecting signficant prostate cancer 
(typically a lesion over 0.5 mL in volume), but is dependant upon 
the radiologist’s experience and is only available at certain centres. 
The promise of a combination of anatomic, biologic, and func- 
tional dynamic information makes MRI likely to become the key 
tool in staging and monitoring prostate cancer patients. MRI has 
also been shown to add value in a nomogram setting.” One par- 
ticular strength of MRI is its ability to detect tumours anteriorly 
in the prostate or in the transition zone. These are usually missed 
by TRUS biopsy (which preferentially samples the posterior pros- 
tate) and so MRI should be used in patients at risk of cancer (e.g. 
persistently high PSA level) but with a previous negative biopsy. 
Despite the proposed benefits of using MRI in localization of pros- 
tatic tumours, drawbacks are also well known. Lesions identified as 
possible tumour areas may represent post-biopsy haemorrhage or 
inflammation, and significant inter- and intraobserver variability 
also exist. Larger multicentre studies are needed to confirm the ini- 
tial promising results and validate the use of multiparametric MRI 
for initial diagnosis of prostate cancer. Before such studies can be 
performed, there is a need to standardize imaging protocols and 
to determine reproducible quantitative parameters. A recent pro- 
spective study PROMIS (Prostate MRI Imaging Study) has evalu- 
ated the accuracy of multi-parametric MRI and TRUS biopsy in 
the diagnosis of prostate cancer. The study concluded that if used 
prior to prostate biopsy, mpMRI could prevent up to 27% of men 
from receiving biopsies while detecting 5% fewer clinically insig- 
nificant cancers, and improving the detection of clinically signifi- 
cant cancers. With further refinement of these findings, it is likely 
that mpMRI will play an important role in triaging men who would 
benefit from biopsy.*8 
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CT and MRI have been evaluated in clinical staging of prostate 
cancer, but neither modality is sufficiently reliable to make their 
use mandatory in the assessment of local tumour invasion.49°° 
Combining endorectal MRI (e-MRI) with existing clinical vari- 
ables may improve local staging,*! particularly in the detection of 
extraprostatic extension (EPE) and SVI, although an experienced 
and dedicated genitourinary radiologist is required.>?>3 This was 
assessed when e-MRI was incorporated in a nomogram to predict 
organ-confined prostate cancer, and the greatest benefit was then 
seen in the intermediate and high-risk groups.*4 Using multimodal- 
ity MRI, suspicious areas have been correlated with a pathological 
Gleason score, suggesting the potential for a MRI to distinguish 
between more or less aggressive forms of prostate cancer.*° 

MRI has also been evaluated for detection of lymph node metas- 
tases, but the interpretation of N-status rests solely on the presence 
of enlarged lymph nodes with a threshold of 1 cm in accordance 
with CT.°° High-resolution MRI with lymphotrophic ultra-small 
super-paramagnetic iron oxide particles (USPIO) has shown prom- 
ising results in detecting smaller lymph node metastases although 
the method is still considered as experimental.>7°8 


Positron emission tomography—computerized 
tomography 

2-['8F]-fluoro-2-deoxy-D-glucose ('8F-FDG) 

The most widely used positron emission tomography (PET) tracer 
is the radiolabeled-glucose analogue !8F-FDG. In its application 
for oncology, the tracer utilizes the Warburg effect; the observation 
that most cancer cells predominantly produce energy by a high rate 
of glycolysis.°? The method has excelled as a clinical tool to assess 
metabolism for staging and monitoring of malignancies, provid- 
ing invaluable diagnostic information. Unfortunately, prostate can- 
cer is one malignancy where the clinical usefulness of !8F-FDG is 
limited. The lack of success is due to both biological and technical 
factors; naturally low metabolic activity, multifocal distribution of 
cancer, interference with !8F-FDG uptake at sites of inflammation, 
and the anatomical proximity to the high activity in the urinary 
bladder through which !8F-FDG is excreted. 

The biological explanation to the limited glycolytic uptake has 
not yet been fully resolved. In comparison to neoplasms in other 
organs, overexpression of glucose transporters is lower and only 
noted in some highly proliferative intraductal prostate cancers. 
Several putative reasons for this have been suggested, such as an 
overall lower malignant metabolic activity,°! or utilization of other 
hexoses such as fructose, which is highly abundant in prostatic fluid. 

The multifocal distribution of neoplastic tissue further limit the 
tracer’s role in primary diagnosis and in staging of prostate can- 
cer because of the overlap of tracer accumulation in normal and 
abnormal prostate tissue. Studies evaluating!8F-FDG-PET as an 
aid for detection of primary tumours have reported sensitivity 
and positive predictive values in the range of 60-80% for detecting 
tumours with a Gleason of 7 and greater in men with elevated PSA 
levels.6%63 Also, studies evaluating!*F-FDG as a method to detect 
disease recurrence after radical prostatectomy have been less than 
favourable. In one such example, comparing the performance of 
18F-FDG-PET/CT with PSA relapse following prostatectomy, PET 
was only true-positive in a third of the patients. 

Although limited as a tool for staging,!*F-FDG-PET can be 
applied as a biomarker when monitoring therapy of advanced 


disease, especially skeletal metastasis.°>° While measuring direct 
tumour activity, rather than indirectly through bone turnover,!8F- 
FDG complements bone scans (whether with !8F-NaF PET or 
conventional single photon agents) by demarcating false-positive 
uptake in dormant or treated lesions, or false negative sites of lytic 
tumours (due to lack of bone turnover). 

In summary, !8F-FDG-PET is generally limited in the primary 
diagnosis, staging, and monitoring of prostate cancer. Although 
further investigation is still required, !8F-FDG’s use may be best 
as a complement to other biomarkers when evaluating treatment 
response in patients with generalized disease. 


Choline PET-tracers (18F-choline and ''C-choline) 

Choline is a precursor for biosynthesis of phospholipids. Choline 
kinase catalyses the phosphorylation of choline to form phos- 
phorylcholine, followed by generation of phosphatidylcholine in 
the cell membrane in rapidly dividing cancer cells. Choline PET- 
tracers accumulate at a higher rate in malignant tissue due to 
increased cellular membrane synthesis.°” 

There are currently two clinical versions of choline-based radi- 
otracers: !8F-choline and !!C-choline. The normal distribution of 
choline sees accumulation in several organs, including pancreas, 
liver, kidneys, and bowel. 

Evaluation of choline as a diagnostic tool for primary pros- 
tate cancer is currently confounded by lack of protocol stand- 
ardization.68 Nonetheless, the most rigorous study to date does 
not support the use of choline PET as a sufficiently accurate tool 
for first-line diagnosis. Comparison between tracer uptake and 
histopathology showed a limited correlation. Small and rind-like 
tumours were poorly detected, and standardized uptake values 
failed to distinguish between cancer, benign prostatic hypertrophy, 
and prostatitis. 

Similar to 8F-FDG, choline-based PET does not seem to be 
applicable as a method to detect biochemical recurrent or meta- 
static disease. The overall reported sensitivity for detection of 
recurrent or metastatic cancer ranges between 38% and 98%.7° The 
wide range of sensitivity may relate to the heterogeneity of patient 
populations in terms of PSA level ranges, type of primary therapy, 
and the type and quality of validation criteria. 


Tc99m-methylene diphosphonate 
Scintigraphic techniques have long been the mainstay for assess- 
ing bone disease. Tc99m-methylene diphosphonate (MDP) is a 
metastable (9?™Tc) tagged phosphonate, which has a high affinity 
for adsorption and incorporation into the hydroxyapatite crystal- 
line lattice of bone.”! Uptake of MDP is a function of bone turn- 
over (i.e. osteoblastic activity) and quantity of mineralized bone, but 
also blood supply, and local acid/base balance. Bone scintigraphy 
is very sensitive for osteogenic activity and allows for quick assess- 
ment of the entire skeleton. However, there are several limitations to 
the method. Bone scan findings depict indirect changes rather than 
the tumour itself. Evaluation of disease regression can be difficult 
to determine due to lingering radiotracer uptake in healing bone. 
Also, response assessment is confounded by the flare phenomenon, 
an increase in isotope uptake by metastatic lesions or the appearance 
of previously occult lesions after starting systemic therapy, a major 
obstacle that can occur up to 12 weeks post-effective treatment.” 
Several methods to quantify the uptake of ?°™Ic-MDP have 
emerged over the years. One of the most successful techniques has 
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been termed the bone scan index (BSI), which is a measure of the 
fractional volume of skeletal tumour burden.” Apart from being a 
valuable metric for estimating metastatic burden, BSI has also been 
shown to be a predictor of survival in patients with progressive 
prostate cancer (PCa).”4 


Fluorine-18-labelled sodium fluoride 

Fluorine-18-labelled sodium fluoride (18F-NaF) was one of the first 
tracers originally used for bone imaging with conventional gamma 
cameras. !8F-NaF has re-emerged as a PET radiotracer.” The mech- 
anism of !8F-NaF uptake is similar to that of the phosphonates. 
Apart from the superior imaging characteristics provided by the PET 
technology itself (including the ability to quantify uptake in lesions), 
the advantages of !8F-NaF over °?™Tc-MDP include a higher affinity 
for bone, resulting in a more rapid blood clearance, a higher bone- 
to-background ratio, and a shorter time from tracer administration 
to imaging.”° Although further validations are needed, studies show 
that !8F-NaF outperforms 9°™Tc-MDP for the assessment of osteo- 
blastic metastases, particularly when combined with the anatomic 
information derived from CT.”7 


Conclusions 


Clinical staging is the assessment of disease extent based on pre- 
treatment parameters (DRE, PSA, prostate biopsy examination, 
and imaging), which is of major importance both for prognos- 
tic evaluation and for decision-making regarding appropriate 
treatment. Lymph drainage from the prostate gland is not always 
found in the obturator fossa, and today, extended lymph node 
dissection with removal of tissue along the external iliac ves- 
sels and the internal iliac artery is strongly recommended when 
necessary. Before making a final decision, possible side effects, 
and disadvantages should be considered. The important roles of 
TRUS are to measure prostate size and to be used as a guiding tool 
for biopsy. Greyscale TRUS of the prostate gland is of limited use 
for visualization of tumour areas and is mainly used for biopsy 
guidance. It is therefore not a candidate to replace systematic 
biopsies. Multimodality MRI with a combination of anatomic, 
funtional and metabolic imaging modalities is the mainstay in 
evaluating the extent of local tumour, and it may also be used for 
guided prostate biopsy in the near future. Although several pre- 
treatment parameters are used for prediction of tumour extent, 
none of these are good enough to alone predict the pathological 
stage accurately. The number of prediction tools has increased 
markedly the last few years and imaging modalities have also 
been incorporated. Today, this is most precisely performed using 
nomograms or similar algorithms that integrate multiple clinical 
parameters for improved staging. 

The role of detecting CTCs in staging prostate cancer with lim- 
ited tumour burden is still unclear, whereas it is more likely to be 
a successful tool when used to evaluate response to treatments in 
patients with metastastic disease. 

Computed tomography and radionuclide bone scanning are 
mainly reserved for assessment of advanced disease. The total bur- 
den of skeletal metastases can be automatically estimated using 
bone scan index, which is of prognostic value but can also be use- 
ful in evaluation of treatment response. Several novel PET-tracers, 
which could be of importance in evaluating treatment response, are 
currently under evaluation. 
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CHAPTER 6.7 


Prostate cancer 
Treatment of localized disease 


Matthew Cooperberg and Peter Carroll 


Introduction: the avoidable controversy 
of prostate cancer treatment 


With a global incidence of over 900,000 cases per year and over 
250,000 deaths annually, prostate cancer is among the most bur- 
densome cancers facing men worldwide. Incidence varies up to 
25-fold around the world, reflecting variation in genetics; diet, 
environmental, and lifestyle factors; access to healthcare overall; 
and, critically, intensity of prostate-specific antigen (PSA) screen- 
ing.! Epidemiology trends in the United States reveal that since the 
advent of screening in the early 1990s, the age-adjusted population 
mortality rate has fallen nearly 50%, a success attributable in large 
part to screening and aggressive treatment of potentially lethal 
prostate cancer.” The cost of this progress, however, has been high: 
in the era of screening, prostate cancer has undergone a profound 
risk migration, such that most men are now diagnosed with low- 
risk prostate cancers,* which would in many cases cause no symp- 
toms or threat to life had they never been detected.‘ Similar trends 
have been observed in other countries that have also adopted wide- 
spread screening. 

Thus, many thousands of men have undergone surgery, radi- 
ation, and other treatments which likely did not benefit them in 
terms of quality or quantity of life, and too many of these men suf- 
fered long-term side effects of treatment.” Such men are said to 
have been overdiagnosed,® and then overtreated. The overdiagno- 
sis and overtreatment of low-risk prostate cancer is felt by many to 
have reached epidemic proportions, to the point that prominent 
primary care organizations, including the influential US Preventive 
Services Task Force, are now recommending against PSA-based 
screening.’ These recommendations are highly controversial, and 
if broadly adopted would have a substantial, adverse impact on 
prostate cancer morbidity and mortality. However, they highlight 
the shrinking patience on the part of primary care providers and 
policymakers for the avoidable morbidity and costs associated with 
overtreatment of low-risk prostate cancer. 

Fortunately, this controversy can be largely solved, and the solu- 
tion, while not necessarily easy, is relatively straightforward. Both 
screening and treatment can—and must—be done better. Screening 
efforts should focus on younger men with long life expectancy and 
those at higher risk for diagnosis. Screening practices should 
reflect the desire to reduce prostate cancer mortality while mini- 
mizing the risks of overdiagnosis. Even more importantly, treat- 
ment must be focused on men at risk of prostate cancer mortality, 


and intensity of treatment should be matched appropriately to dis- 
ease risk. Men with low-risk disease do not benefit from treatment, 
at least immediately after diagnosis,° and should be considered for 
active surveillance.!? Conversely, those with higher-risk disease 
clearly benefit from local therapy,’ even some who are older at time 
of diagnosis.!!!? Treatments should be applied to minimize risks of 
adverse side effects, and in an era of constrained resources in many 
healthcare systems worldwide, must reflect consideration of costs. 
This chapter will describe approaches to patient risk stratification 
for initial management, and will introduce key aspects of the major 
primary treatment alternatives. 


Prostate cancer presentation 

and risk stratification 

Symptoms 

In a screened population, the vast majority of prostate cancers are 
localized and asymptomatic at diagnosis.* However, prostate can- 
cer which progresses, with or without prior treatment, can cause 
both local and distant symptoms. Local extension can produce both 
obstructive and irritative lower urinary tract symptoms (LUTS), 
due to growth of the tumour into the urethra, bladder neck, or 
trigone. It is important to note, however, that given the very high 
epidemiologic overlap between prostate cancer and benign pros- 
tatic hyperplasia (BPH), LUTS among men with clinically local- 
ized prostate cancer are much more likely attributable to BPH 
than to cancer. Local extension into both ureters can also produce 
symptoms of azotaemia. Metastatic prostate cancer spreads most 
commonly to the bones; bone metastases may cause pain and vul- 
nerability to pathologic fracture. Metastases to the spinal column 
can also impinge on the spinal cord, causing symptoms of cord 
compression, including paraesthesia and weakness of the lower 
extremities, and urinary and/or faecal incontinence. 


Signs 

Digital rectal examination (DRE) may reveal induration or nodu- 
larity; in some cases gross extraprostatic extension may be detect- 
able by DRE, particularly if there is effacement of the sulci lateral 
to the prostate on either side. Extensive regional lymphadenopathy, 
which is uncommon, may lead to lymphedema of the legs. Specific 
signs of cord compression depend on the level of the compres- 
sion, potentially including weakness or spasticity of the legs, and a 
hyperreflexic bulbocavernosus reflex. 
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Laboratory and radiographic findings 


The vast majority of prostate cancers are associated with an ele- 
vated PSA level, though some rare, poorly differentiated histologic 
subtypes produce little PSA. Some such tumours display neuro- 
endocrine differentiation and may cause elevated serum levels 
of chromogranin A. Malignant obstruction of into one or both 
ureters may lead to elevated blood urea nitrogen and/or creatin- 
ine, and bone metastases may elevate alkaline phosphatase levels. 
Metastatic disease is also associated with anaemia and elevated lac- 
tate dehydrogenase. 

Most prostate cancers in contemporary practice are diagnosed 
by transrectal ultrasound (TRUS)-guided biopsy. Though biop- 
sies are usually performed on an 8- to 14-core mapped template 
intended to sample the whole gland, in some cases tumours are 
visible on TRUS as hypoechoic lesions; power Doppler examin- 
ation may demonstrate hypervascularity. Extracapsular exten- 
sion and/or seminal vesicle invasion can also be identified on 
TRUS, but accuracy of both diagnosis and staging are highly 
operator-dependent. 

Men with low-risk tumour characteristics do not require further 
staging,!> though unnecessary imaging tests are still very common 
in the United States!4-17; indeed these cause so much avoidable 
ongoing cost and radiation exposure that not performing a bone 
scan for low-risk prostate cancer is now identified as a measure of 
high-quality care in the United States.!8 Higher-risk prostate can- 
cer, on the other hand, does require an evaluation to rule out meta- 
static disease before local therapy is undertaken. 

99-Technitium bone scintigraphy is the most common test to 
evaluate for skeletal metastases; some centres are now employ- 
ing 18-fluoride-tagged sodium fluoride positron emission tom- 
ography together with computerized tomography (PET/CT) to 
improve sensitivity and detection of smaller metastases.!? Full- 
body magnetic resonance imaging (MRI) has been studied as well 
with promising initial results, primarily in European countries 
where costs for this technology are lower.?° Soft-tissue imaging, 
focusing in particular on lymphadenopathy, is typically performed 
via contrast-enhanced CT. Multiparametric pelvic MRI includ- 
ing diffusion-weighted and dynamic contrast sequences, together 
with spectroscopic imaging in some centres, can also evaluate 
lymph nodes, and provides better local staging of the prostate 
than CT.?! Other PET tracers, including 13-carbon-tagged choline 
and acetate, also show promise for improved distant staging over 
conventional CT.!9 


Risk stratification 


The suggestion that low-risk, indolent prostate cancers cannot be 
distinguished from high-risk, potentially lethal ones is an often- 
repeated calumny used to justify blanket recommendations 
against prostate cancer screening.’ The simple truth is that pros- 
tate cancers can be risk-stratified with good accuracy using data 
available today in contemporary practice??—and that accuracy 
will improve further with emerging imaging tests and biomark- 
ers. The problem is that while prostate cancer treatment can be 
targeted to tumour risk to minimize both over and undertreat- 
ment, in the reality of contemporary practice, treatment is not 
appropriately risk-adapted, but rather is inappropriately driven 
by age, financial, and legal incentives, and other non-clinical 
factors.1!23 


Risk factors 


Prostate-specific antigen 

While the use of PSA as a screening test for prostate cancer is 
controversial, its use as a measure of cancer risk is not. With the 
exception of rare tumours that, as noted above, produce little PSA, 
PSA increases consistently with prostate cancer volume, stage, 
and aggressiveness. PSA is a key parameter in every multivariable 
risk stratification system, and is a key driver of decision-making 
for both staging and therapeutic intervention. PSA also forms the 
core of post-treatment monitoring protocols following virtually all 
treatments. 


Grade 


Prostate cancer is graded using the Gleason system, which assesses 
the histopathological architecture of the tumour glands under low- 
power microscopy. Historically, prostate cancer was graded on a 
1 to 5 scale, with higher numbers indicating greater degrees of glan- 
dular fusion and abnormality. Under consensus guidelines adopted 
in 2005, however, patterns 1 and 2 are rarely assigned, especially 
for biopsy tissue. Thus, Gleason pattern 3 corresponds with low- 
grade disease (variable-sized glands that intercalate between 
normal-appearing glands); Gleason pattern 4 with intermediate 
grade (incompletely formed glands with variable amounts of fusion 
and a more infiltrative growth pattern), and Gleason pattern 5 with 
high grade (individually infiltrating cells with no gland formation) 
(Fig. 6.7.1).24 

Pathologists assign a primary grade to the predominant pattern 
of cancer and a secondary grade to the second most commonly 
observed pattern in the specimen. If all the cancer is consistent with 
one pattern present, then both the primary and secondary grade 
are reported as the same (e.g. 3+3). The Gleason score or Gleason 
sum is obtained by adding the primary and secondary grades 
together. Thus, a Gleason score 6 (3+3) tumour is uniformly low 
grade. In risk stratifying intermediate- and high-grade tumours, 
the primary Gleason pattern is the more important driver of bio- 
logic risk: among Gleason score 7 tumours, Gleason 4+3 are more 
aggressive than Gleason 3+4 tumours. Many series do not distin- 
guish between these two distinct grades (4+3 vs. 3+4); interpret- 
ation of such series must be guarded. A minor pattern may be noted 
as a tertiary score; when tertiary pattern 5 is noted (e.g. 3+4+5), the 
prognosis is worse. Recent analyses have suggested that improved 
information may be gained from the histology by quantifying the 
proportion of cancer that is high grade; tumours with 5% and 45% 
pattern 4 might both be assigned Gleason score 3+4, but the latter 
is more likely to demonstrate aggressive biology.”° 


Stage and other measures of tumour extent 

Prostate cancer is staged using the American Joint Committee 
on Cancer (AJCC) TNM system (Box 6.7.1), with substages des- 
ignated based on the local tumour extent (T-stage), lymph node 
involvement (N stage), and distant metastases (M stage). The sta- 
ging system applies to both clinical stage, based on physical exam 
and imaging findings, and pathologic stage, determined after pros- 
tatectomy and/or lymphadenectomy—with the exception that T1 
is only assigned in clinical staging; T2 is the lowest pathologic 
T-stage. It should be emphasized that assignment of clinical T-stage 
incorporates results of the DRE and TRUS, but not the results of the 
biopsy. Thus, if a patient has a palpable nodule on one side of the 
prostate and a biopsy demonstrating bilateral disease, his clinical 
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Fig. 6.7.1 Gleason grading system. 

Reproduced with permission from Lippincott Williams and Wilkins/Wolters Kluwer 

Health: Epstein JI et al, ‘The 2005 International Society of Urological Pathology (ISUP) 
Consensus Conference on Gleason Grading of Prostatic Carcinoma’, The American Journal of 
Surgical Pathology, Volume 29, Issue 9, pp. 1228—42, Copyright © 2005 Wolters Kluwer Health. 


stage remains T2a. If a patient has a normal DRE, with TRUS dem- 
onstrating a unilateral lesion and a biopsy positive for cancer, his 
clinical stage is also T2a (using results of DRE and TRUS). These 
rules are frequently misapplied in clinical practice as clinicians 
commonly assign stage based on biopsy.” 

Compared to Gleason score and PSA levels, clinical T-stage in 
prostate cancer is a relatively weak prognostic factor, in part due 
to the subjectivity of both DRE and TRUS interpretation. A better 
estimation of tumour volume or extent can often be gained through 
assessment of biopsy core involvement, expressed alternatively as 


Box 6.7.1 TNM staging system for prostate cancer 


TNM Staging System for Prostate Cancer 

T Primary tumour 

Tx Cannot be assessed 

TO No evidence of primary tumour 

Tis Carcinoma in situ (PIN) 

Tla <5% of tissue in resection for benign disease has cancer, 
normal DRE 

T1b >5% of tissue in resection for benign disease has cancer, 
normal DRE 

Tlc Detected from elevated PSA alone, normal DRE, and 
imaging 

T2a Tumour palpable by DRE or visible by imaging, involving 
less than half of one lobe of the prostate 

T2b Tumour palpable by DRE or visible by imaging, involving 
more than half of one lobe of the prostate 

T2c Tumour palpable by DRE or visible by imaging, involving 
both lobes of the prostate 

T3a Extracapsular extension on one or both sides 

T3b Seminal vesicle involvement on one or both sides 

T4 Tumour directly extends into bladder neck, sphincter, rec- 
tum, levator muscles, or into pelvic sidewall 

N—Regional lymph nodes (obturator, internal iliac, external 

iliac, presacral lymph nodes) 

Nx Cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a regional lymph node or nodes 

M—Distant metastasis 

Mx Cannot be assessed 

MO No distant metastasis 

Mla Distant metastasis in nonregional lymph nodes 

Mlb Distant metastasis to bone 

Mic Distant metastasis to other sites 

DRE, digital rectal examination; PIN, prostatic intraepithelial 
neoplasia; PSA, prostate-specific antigen; TRUS, transrectal 
ultrasound. 


Used with the permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois. The original source for this material is the AJCC 
Cancer Staging Manual, Seventh Edition (2010) published by Springer 
Science and Business Media LLC, www.springer.com 


the number of biopsy cores positive, percent of cores positive, or 
percent of overall tissue positive for cancer. Given adjustment for 
these more objective measures of tumour volume, T-stage often 
drops out of multivariable models of prostate cancer prognosis, at 
least among clinically localized (T1-2) tumours.?7 


Multivariable risk assessment 


No single parameter fully captures the risk of prostate cancer pro- 
gression; rather, optimal risk stratification entails consideration of 
multiple parameters to generate an overall assessment of risk. Over 
100 risk formulae, lookup tables, nomograms, and other instru- 
ments have been published toward this end; however, most have 
not been validated, and others suffer lack of discrimination, cali- 
bration, applicability, or other test characteristics.?*?8 Selected, 
widely described instruments are described below. 
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Risk groups 

One of the first published approaches to risk stratification is a 
three-level risk group classification devised by D’Amico et al.?? 
and formally endorsed by practice guidelines both in the US and 
in Europe.*°! In this classification, men are stratified across three 
groups as follows: 


+ Low-risk: PSA <10, Gleason <6, and clinical stage T1 or T2a 


+ Intermediate-risk: PSA 10-20, Gleason 7, or clinical stage T2b 
(sometimes modified to include T2c as well) 


+ High-risk: PSA >20, Gleason 8-10, or clinical stage T2c or T3a 
(sometimes modified to include T3a only) 


The major advantage to this system is its simplicity, and it is used 
very commonly. However, it has significant drawbacks. First, it 
overweights T-stage which, as noted above, is not an accurate meas- 
ure of tumour extent within the T1-2 category. Second, it does not 
differentiate Gleason 3+4 from 4+3 tumours which (also noted 
above) behave differently within the Gleason 7 category. Finally, the 
risk groups do not truly constitute a multivariable system in that 
they do not actually combine information from the various risk 
variables. A PSA 17, Gleason 4+3, stage T2b cancer and a PSA 3.4, 
Gleason 3+4, stage T1c cancer are both grouped in the ‘intermedi- 
ate risk’ group, but would likely exhibit clearly divergent biological 
aggressiveness.°7 


Lookup tables and nomograms 

Most multivariable risk instruments are derived multivariable logis- 
tic regression or Cox proportional hazards models, depending on 
the outcome of interest. For example, the well-validated tables first 
published by Partin et al. predict pathologic end points such as 
extracapsular extension and seminal vesicle invasion.*> The term 
nomogram is frequently used synonymously to describe a risk model 
or predictive instrument. In fact, a nomogram is simply a graph- 
ical representation of a regression model, and is a visually accessible 
alternative to look up tables or computer software. To use a nomo- 
gram, a patient is assigned a number of points for each risk factor 
based on linear scales (Fig. 6.7.2); these are then summed to yield a 


prediction for the outcome (e.g. five-year biochemical recurrence- 
free survival), usually with a +10% margin of error. First popular- 
ized in urology by Kattan et al.,34 many prostate cancer nomograms 
have been published, intended to predict pathologic outcomes, bio- 
chemical recurrence after surgery or radiation therapy, or clinical 
outcomes such as metastasis or mortality. Well-validated and fre- 
quently cited nomograms include original and updated nomograms 
for preoperative and postoperative prediction of biochemical out- 
comes for men undergoing radical prostatectomy.34->” 

A few caveats to the use of nomograms must be noted. First, 
underlying any given nomogram is a statistical model based on 
data from a specific cohort of men, usually collected from one or 
a few academic centres in which a small number of subspecialist 
surgeons or radiation oncologists treat large numbers of patients. 
Ideally nomograms should be validated in a given setting before 
they are used routinely in that context.327839 

Second, using computer software (e.g. online calculators available 
at www.nomograms.org) multiple nomogram scores can be deter- 
mined simultaneously, facilitating the use of these scores to com- 
pare treatment options such as surgery or radiation. Nomograms 
must not be used this way—the patients used to develop each, as 
well as the definitions of the outcomes, may be very different. In 
particular, with few exceptions nomograms aim to predict bio- 
chemical (PSA-based) recurrence after treatment, which is defined 
very differently for radiation and for surgery.4° Thus nomograms 
may be useful to give a patient undergoing a given treatment a 
sense of the likely outcomes, but cannot guide initial treatment 
decisions.** Finally, nomograms can be challenging to calculate for 
large cohorts of men, and do not typically include validated cut- 
points for grouping men into intermediate- or high-risk groups for 
either clinical or research purposes. 


Cancer of the Prostate Risk Assessment score 

Given these limitations, the University of South Californias Cancer 
of the Prostate Risk Assessment (CAPRA) score was developed, 
intended to realize both the accuracy of nomograms and the simple 
calculation of a risk grouping system.*! For CAPRA score calcula- 
tion, points are assigned based on the PSA, Gleason score, T-stage, 
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Fig. 6.7.2 Nomogram for prediction of biochemical recurrence after surgery. 


Reproduced from Michael W. Kattan et al., ‘A Preoperative Nomogram for Disease Recurrence Following Radical Prostatectomy for Prostate Cancer, Journal of the National Cancer Institute, 


Volume 90, Issue 10, pp. 766-71, Copyright © 2008 Oxford University Press, by permission of Oxford University Press. 


Variable Level Points Variable Level Points 
PSA <6 0 T-stage T1/T2 0 
6.1-10 1 T3a 1 
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Fig. 6.7.3 Cancer of the Prostate Risk Assessment (CAPRA) score. 

Adapted from The Journal of Urology, Volume 173, Issue 6, Cooperberg MR, et al., 

The University of California, San Francisco Cancer of the Prostate Risk Assessment 

Score: A straightforward and reliable preoperative predictor of disease recurrence after 
radical prostatectomy, pp. 1938-42, Copyright © 2005 American Urological Association, with 


permission from Elsevier, http://www.sciencedirect.com/science/journal/00225347 


per cent of biopsy cores positive, and age at diagnosis (Fig. 6.7.3). 
Points are added to generate a 0-10 score, with every two-point 
increase in score (e.g. from 1 to 3 or from 4 to 6) indicating roughly a 
doubling of risk. CAPRA scores in the 0-2 range correspond to rela- 
tively low-risk disease, CAPRA 3-5 tumours to intermediate risk, 
and CAPRA 6-10 tumours to high risk. The CAPRA score has been 
widely validated in multiple clinical settings on four continents, and 
in at least one study demonstrated superior accuracy compared to 
competing instruments in an independent head-to-head study.” 
The score has been shown to predict metastasis and mortality fol- 
lowing surgery, radiation therapy, and hormonal therapy.**7 


Treatment options for localized 
prostate cancer 


Treatment alternatives for localized prostate cancer endorsed by 
various international guidelines include active surveillance, radical 
prostatectomy, and radiation therapy.3™3144 As described above, 
intensity of treatment should be risk-adapted: most men with low- 
risk prostate cancer are candidates for at least a trial of active surveil- 
lance. Those with intermediate-risk disease are eligible for surgery 
or radiation monotherapy, and men with high-risk cancers often 
require multimodal therapy—either prostatectomy followed select- 
ively by radiation depending on pathology and early biochemical 
outcomes, or combination radiation therapy with androgen depriv- 
ation therapy (ADT). Indeed, evolving evidence clearly supports a 
role for aggressive local therapy in the management of high-risk 
prostate cancer.?4>-48 Western (as opposed to Asian) guidelines do 
not endorse ADT monotherapy as an alternative to surgery or radi- 
ation for localized disease because survival outcomes are inferior.*° 
Likewise, cryotherapy, high-intensity focused ultrasound (HIFU), 
and other ablative treatments have not become standard options 
because they have not been shown clearly to yield better oncologic 
or quality of life (QoL) outcomes. 


Active surveillance 


As described above, a very substantial proportion of prostate 
cancers detected through screening efforts demonstrate indolent 
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behaviour, and would never progress within the patient's lifetime 
without treatment. Studies on men with low-grade prostate can- 
cer who never received surgery or radiation demonstrated that 
the vast majority die of other causes rather than prostate cancer.!? 
The Prostate Intervention Versus Observation Trial (PIVOT) ran- 
domized men between surgery and conservative management, and 
found no benefit for surgery for men with low-risk disease within 10 
years of diagnosis.° However, a subset of tumours which appeared 
to be low risk based on biopsy ultimately proved to be more aggres- 
sive, either due to undersampling on the original biopsy or to actual 
biological progression. 

Therefore, men with apparently low-risk disease cannot be sim- 
ply advised to ignore the diagnosis; rather, they are increasingly 
recognized to be good candidates for active surveillance, a protocol 
of observation under which men undergo periodic PSA tests and 
repeat biopsies, with intervention with intent to cure at first sign of 
progression.!949 Active surveillance is notably distinct from watch- 
ful waiting, a more passive strategy under which older men and/or 
those with significant co-morbidity are not followed regularly for 
prostate cancer, and are offered hormonal therapy for palliation if 
the cancer progresses to a symptomatic stage. 

Eligibility criteria for active surveillance vary from one clinical 
centre to another, but generally include low PSA and/or PSA dens- 
ity (PSA divided by prostate volume in mL), low grade (Gleason 
3+3, and in some cases Gleason 3+4), and low tumour volume as 
assessed by clinical stage and extent of biopsy core involvement. 
Progression is defined by rapid PSA rise, by increase in grade and/or 
tumour volume on repeat biopsy, or by treatment for any other rea- 
son. Between 20% and 46% of men on surveillance regimens may 
require treatment within five years of diagnosis. Thus in many cases 
active surveillance implies delayed rather than avoided treatment. 
Active surveillance is not without risks. Prostate biopsy is associ- 
ated with a known risk of undersampling—that is, the likelihood 
that what looks like a low-grade, low-stage tumour on biopsy in fact 
is more aggressive. Aside from the risk of disease progression to an 
incurable stage during an internal of observation, serial biopsies 
are associated with low but rising risks of sepsis due to the spread 
of antibiotic resistant bacteria among community-dwelling men.*° 

Active surveillance is generally recognized to be underutilized as 
initial management for prostate cancer.?*? Aside from financial, 
legal, and other social pressures favouring treatment over surveil- 
lance, anxiety with respect to the possibility of disease progression 
tends to drive providers and patients to opt for early treatment.*! 
Despite ongoing challenges in defining appropriate end points for 
research involving men on surveillance,>?->4 improved imaging 
tests such as multiparametric MRI and emerging biomarkers based 
on tissue, urine, and blood offer great hope for improved patient 
selection for both immediate and deferred treatment.*° 


Surgery 

Radical prostatectomy includes removal of the prostate and seminal 
vesicles and anastomosis of the bladder neck to the membranous 
urethra. Pelvic lymphadenectomy may be performed concurrently 
with surgery for intermediate- and high-risk disease for improved 
staging. Open approaches to the procedure include retropubic 
(extraperitoneal) or perineal incisions. Laparoscopic radical prosta- 
tectomy can be accomplished via transperitoneal or extraperitoneal 
approaches, with or without the assistance of a surgical robot. The 
robot-assisted transperitoneal laparoscopic approach has become 
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the most common approach to prostatectomy in the United States 
and is gaining in popularity in other countries. 

Surgery is well-established by multiple randomized trials to offer 
a survival advantage over observation for men with intermediate- 
to high-risk prostate cancer, although not for low-risk disease.?>° 
Randomized trials comparing surgery to radiation have not been 
reported, but multiple carefully controlled cohort studies have 
suggested a survival benefit for surgery in favour of external 
beam radiation, especially for men with higher-risk disease.?34757 
Oncologic surveillance after surgery is relatively straightforward: in 
the absence of a prostate gland, the PSA should be undetectable 
within six to eight weeks after surgery, and detectable PSA indi- 
cates persistent benign or malignant prostate cells. Many labs now 
use ultrasensitive PSA assays with detection thresholds well under 
0.1 ng/mL. Minimally detectable PSAs in the ultrasensitive range 
sometimes suggest persistence of benign prostate glands, and do 
not consistently predict further PSA rise.” On the other hand, ris- 
ing PSAs in the setting of adverse pathology is highly suggestive of 
persistent disease, which may benefit from adjuvant or early salvage 
radiation therapy.°* The natural history of recurrence after sur- 
gery is variable, and reflects factors such as the Gleason score and 
the PSA kinetics at time of recurrence.*! 

Aside from cancer cure, the principal goals of surgery are pres- 
ervation of urinary and sexual function. The drivers of both urin- 
ary and sexual function outcomes are multifactorial, but are heavily 
influenced by technical factors during surgery—specifically, pres- 
ervation of the external urinary sphincter and cavernous neurovas- 
cular bundles. The primary impact of surgery on urinary function 
is induction of at least temporary stress urinary incontinence (i.e. 
leakage with Valsalva manoeuvres). Continence tends to improve 
in the weeks and months after surgery up to at least one year, and 
can be improved with pelvic floor strengthening exercises (Kegel 
exercises). The likelihood of eventual recovery of continence varies 
greatly with surgeon skill and experience, and with patient factors 
such as age and co-morbidity—as well as with the specific definition 
of continence used. Of note, given high rates of concomitant BPH, 
many men with prostate cancer have baseline obstructive voiding 
symptoms (weak stream, hesitancy, and so on); these symptoms 
often improve after prostatectomy, whether or not continence is 
completely recovered. 

Penile erections decline almost universally in the first months 
after surgery, then recover over a period lasting up to two years. 
Likelihood of erectile function recovery is driven by patient age, 
baseline sexual function, and extent and quality of neurovascular 
bundle preservation. Early use of phosphodiesterase-5 inhibitors 
(sildenafil, tadalafil, and so on) and other interventions to maxi- 
mize penile blood flow (such as vacuum devices)—so-called ‘pen- 
ile rehabilitation —may improve likelihood of eventual functional 
recovery. In terms of other aspects of sexual functioning after 
surgery, somatic sensory nerve function is not typically altered. 
Orgasm capacity may be preserved with or without erection recov- 
ery after surgery, but anejaculation is universal because the sources 
of seminal plasma (prostate and seminal vesicles) are removed. 

Compared to open surgery, robot-assisted prostatectomy is 
associated with reduced blood loss and length of stay, fewer short- 
term complications, lower perioperative mortality, and compar- 
able oncologic outcomes.6?-64 Perioperative mortality rates are 
0.1% or less after both open and robot-assisted surgery in con- 
temporary practice.®> Differences in urinary and sexual outcomes 


are more controversial. Many papers from high-volume centres 
have shown improved outcomes for robot-assisted surgery over 
open surgery. Population-based studies have not confirmed 
these results.” Possible explanations include low average surgical 
volumes and a long learning curve for prostatectomy,®* as well as 
falsely high expectations (driven both by misleading advertising 
and by inherent cultural faith in technology) leading to decreased 
satisfaction and increased regret at any given level of objective 
functional recovery.69-71 


Radiation therapy 


The intent of radiation therapy for prostate cancer is irreversible 
damage to the cancer, and to the rest of the prostate gland. Most 
prostate radiation is delivered using photons administered either 
from sources external to the body (external beam radiotherapy, or 
EBRT), or from sources implanted, either permanently or tempor- 
arily, into the prostate gland (brachytherapy). Compared to sur- 
gery, radiation causes less stress urinary incontinence, but more 
irritative and/or obstructive urinary symptoms, and more gastro- 
intestinal (GI) toxicity.>’%73 Radiation causes less early erectile 
dysfunction than surgery, but these differences attenuate with long- 
term follow-up.’*7> Uncommon long-term complications include 
haemorrhagic cystitis, urethral stricture, rectourinary fistula, and 
secondary bladder or rectal cancer.’° The rate of lethal complica- 
tions is similar to the rate of perioperative mortality after surgery.”” 

Because the cytotoxic effects of radiation to prostate cancer cells 
may take years to accumulate, PSA levels fall more slowly than they 
do after surgery, and identifying persistent or recurrent disease can 
be difficult. Many definitions of recurrence after radiation have 
been proposed’®; the most commonly accepted and cited ones are 
the ‘ASTRO definition —three consecutive rises in the PSA over 
the postradiation nadir, with the date of recurrence backdated to 
the midpoint of the first two rises—and more the ‘Phoenix def- 
inition —a rise in the PSA by 2 ng/mL over the nadir, with no 
backdating. The definition only allows reporting of outcomes at 
n-2 years if n is the median years of follow-up.” 

The Phoenix definition, which has become the most commonly 
referenced standard, was chosen as the best surrogate for subse- 
quent clinical progression and survival, not to identify all persist- 
ent cancer. This definition, like the older ASTRO definition, can 
be used to counsel patients and to compare outcomes across radi- 
ation series. However, given the different biologic effects of surgery 
and radiation on prostate cancer and the different intent of the 
definitions used to identify recurrence after surgery and radiation, 
biochemical (PSA-based) recurrence cannot be used as a valid sur- 
rogate end point for comparing of oncologic outcomes between 
surgery and radiation,*? a very common error in comparative 
effectiveness research in prostate cancer. 


External beam radiotherapy 

Historically, EBRT was administered to a rectangular field based 
on bony landmarks using plain radiography or conventional 
tomography. More however, standard of care has involved three- 
dimensional pre-radiation planning using CT to reduce damage to 
surrounding tissues, allowing higher doses to be administered.*° In 
the United States, the vast majority of EBRT is now administered 
as intensity-modulation radiation therapy (IMRT),*! in which the 
intensity of the radiation beam can be varied as the radiation source 
is moved around the patient, allowing further increase in targeting 


precision. Compared to 3D conformal, non-intensity modulated 
EBRT, IMRT is associated with reduced GI toxicity but at the 
possible expense of greater urinary toxicity and/or more erectile 
dysfunction.8182 

IMRT is typically given to a dose of 72-80 Gy, and is adminis- 
tered over 40 or more treatment sessions spread over seven to nine 
weeks. Motion of the prostate can be substantial from day to day, 
depending on variables such as rectal fullness. Placement of radio- 
opaque fiducial markers or targeting beacons before starting treat- 
ment can help clinicians compensate for such variation. In general, 
higher-dose radiation is associated with lower rates of PSA recur- 
rence, but has not been proven to improve long-term survival, and 
does come at the cost of greater GI toxicity.®? 

Radiation fields can also be planned to include the pelvic lymph 
nodes in cases of higher risk disease. Multiple randomized, con- 
trolled trials have also shown a clear mortality benefit for giving 
neoadjuvant ADT together with EBRT for intermediate- and high- 
risk disease.””84 The duration of neoadjuvant ADT varies from 4 
to 36 months. ADT causes additional side effects—including hot 
flashes, fatigue, loss of muscle and bone mass, cognitive changes, 
and adverse effects on metabolism—and the optimal duration of 
therapy has not been well-established. 

Many radiation oncologists now offer EBRT alternatives to typ- 
ical IMRT, including stereotactic body radiation therapy (SBRT) 
and proton beam therapy. SBRT entails very frequent re-imaging of 
the prostate during each treatment session, with the radiation beam 
constantly adjusted to compensate for even minor target motion. 
SBRT thus allows higher doses to be given during each session, and 
therefore far fewer treatment sessions. As yet, there exist few long- 
term data comparing SBRT to IMRT or other radiation treatments. 

Proton beam therapy has the theoretical advantage over other 
photon-based EBRT in that rather than passing through tissue, the 
protons stop at the target, thus minimizing the ‘exit dose’ to sur- 
rounding tissues. Proton beam therapy is extraordinarily expen- 
sive, extremely highly compensated, and aggressively marketed.®° 
However, no clinical study to date has shown any clinical bene- 
fit, in terms of either cancer control or improved QoL. Indeed, a 
Medicare study found 25% greater rectal toxicity following pro- 
ton beam therapy compared to IMRT,*! and other analyses have 
questioned whether this approach could ever be cost-effective even 
when better clinical outcomes were theoretically demonstrable.*® 


Brachytherapy 

Most brachytherapy is given via transperineal placement of radio- 
active iodine-125 or palladium-103 seeds, which remain indefin- 
itely in the prostate even after they have expended their radiation. 
In high dose rate (HDR) brachytherapy, catheters are temporarily 
placed into the prostate, again using a transperineal approach, and 
a highly radioactive iridium-192 source is moved in and out of the 
catheters under robotic control, typically over a series of four treat- 
ments. Both types of brachytherapy generally require a regional 
or general anaesthetic. This is an outpatient procedure, though 
HDR sometimes entails an overnight stay to complete the set of 
treatments. 

Relatively few studies have compared brachytherapy and EBRT 
directly. Both short- and long-term oncologic outcomes generally 
favour brachytherapy.°”*7-°8 In terms of side effects, brachytherapy 
generally causes less GI toxicity but more urinary morbidity than 
IMRT.® Unlike EBRT, brachytherapy cannot be used to administer 
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radiation to lymph nodes; therefore, for higher-risk cases brachy- 
therapy is often combined with EBRT and/or ADT. Some studies 
have demonstrated improved oncologic outcomes for this com- 
bination over EBRT alone,”? though at the cost of greater QoL 
impact.?! Unlike the case with EBRT, ADT does not appear to 
improve the oncologic outcomes of men treated with brachyther- 
apy. In some cases of BPH together with prostate cancer, however, 
ADT is used to shrink the prostate to facilitate the technical place- 
ment of the seeds. This combination does tend to cause more sexual 
dysfunction than brachytherapy alone.?!°? 


Ablative treatments 


Cryosurgery—the ablation of tissue by local induction of extremely 
cold temperatures—is a relatively uncommon primary treatment for 
localized CaP,” although its use asa salvage option has increased as the 
technology has improved over the past several years.’ Cryotherapy is 
performed under general or regional anaesthesia. Multiple probes are 
placed percutaneously under TRUS guidance, and using argon gas, an 
iceball is created covering the prostate, and two freeze-thaw cycles are 
typically used. Repeat freezing creates a larger tissue destruction area 
and theoretically brings the iceball edge and destruction zone edge 
closer together. The temperature at the edge of the iceball is 0°C to 
-2°C, while cell destruction requires -25°C to -50°C. Tissue destruc- 
tion occurs a few millimetres inside the visible iceball edge and cannot 
be monitored precisely by ultrasound. Thermocouples therefore help 
monitor real-time temperatures. A urethral warming catheter is typ- 
ically used to prevent urethral damage. 

With contemporary cryotherapy technology, rates of incon- 
tinence, urethral sloughing, and rectal injury are low. Rates of 
biochemical control are comparable to those seen with other treat- 
ments (though similar controversies as those discussed above 
exist regarding optimal definitions of recurrence).?4°° However, 
rates of erectile dysfunction are quite high, and generally compare 
unfavourably to rates achievable with contemporary radiation or 
nerve-sparing surgery.’ This is a primary reason that cryother- 
apy remains a relatively uncommon treatment for newly diagnosed 
prostate cancer. Some centres are investigating focal or subtotal 
cryoablation of the prostate—initial studies reported promising 
findings, but this approach remains investigational.*® 

A wide variety of other energy-based ablative technologies has 
been applied to treatment of prostate cancer. Among these, the 
most widely used is HIFU, which is administered transrectally and 
induces coagulative necrosis of benign and malignant prostate tis- 
sue. The technology has some enthusiastic proponents, especially 
in continental Europe. However, outcomes in prospective series 
are mixed at best. The technology has never been approved in the 
United States. Two large centres in the United Kingdom ended their 
HIFU programmes due to poor outcomes,” and the UK health sys- 
tem does not recommend HIFU outside the context of a clinical 
trial. A Canadian systematic review likewise concluded that the 
data in support of HIFU are weak and the treatment should not 
be given outside of prospective trials.°® Like cryotherapy, HIFU 
is being explored for focal therapy of prostate cancer,°? but with 
short follow-up on small numbers of patients reported to date, this 
approach is very much experimental. 


Comparative effectiveness 


The comparative effectiveness of various treatment alternatives for 
localized prostate cancer remains the subject of significant on-going 
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debate. No randomized, controlled trials including both primary 
surgery and primary radiation therapy patients have been com- 
pleted, though one, the UK’s ProtecT trial, has completed accrual. 100 
This randomized clinical trial compared the treatment effectiveness 
of active monitoring (a surveillance programme), radical prosta- 
tectomy and external beam radiotherapy with neoadjuvant andro- 
gen deprivation therapy, and patient reported outcomes in a cohort 
of 1643 men with clinically localized prostate cancer detected by 
PSA testing in the United Kingdom. ‘The results at 10-year median 
follow-up were published recently, showing a very low disease spe- 
cific mortality with no differences between the three arms (around 
1%). However, the study also demonstrated that radical treatments 
halved the rate of disease progression, while 80% of patients on 
active monitoring remained disease free and avoided treatment 
side effects. Patient reported outcomes showed different patterns 
of adverse event profiles for each treatment, with urinary and sex- 
ual function side-effects experienced mostly in men receiving sur- 
gery, and bowel symptoms after radiation, with some recovery over 
time. Similar side-effect profiles where demonstrated by two more 
recent large prospective observational studies from the US, con- 
sistent with findings of the ProtecT trial.!01-104 Cost-effectiveness 
studies, accounting for both oncologic and health-related quality 
of life (HRQoL) outcomes, generally have found that differences 
in effectiveness across treatments generally are not large, and that 
for low-risk disease active surveillance is often favoured over any 
local therapy.!°5-10° However, costs vary substantially, particularly 
in the US system, with EBRT—IMRT in particular—accounting for 
substantially increased costs over surgery or brachytherapy. 106-108 

Varying financial and other incentives, limited high-quality com- 
parative data, and resulting ambivalent guidelines all combine toyield 
very high regional and local variation in practice patterns.??109,110 
Prostate cancer management is preference-sensitive—reflecting 
personal beliefs and preferences of clinicians and patients in the 
absence of clear data—and supply-sensitive—with utilization 
of some interventions correlating with extent of availability of 
those services.!!° Too much emphasis has been placed in years 
on technological innovation rather than appropriateness of care 
and universal outcomes assessment. Until this situation improves, 
overtreatment of low-risk prostate tumours and undertreatment 
of high-risk prostate cancer will continue to affect too many diag- 
nosed with the disease, and to dilute the otherwise highly beneficial 
impact of well-intentioned screening and early detection protocols 
on the global burden of prostate cancer. 
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Focal therapy 
for prostate cancer 


Hashim Uddin Ahmed, 
Louise Dickinson, and Mark Emberton 


Introduction to focal therapy 
for prostate cancer 


Men with localized prostate cancer have tough decisions to make. 
Their options straddle two ends of a spectrum, with active sur- 
veillance at one extreme and and radical treatment (surgery or 
radiotherapy) at the other. There seems to be a small absolute 
risk reduction in disease specific death—of approximately 5% 
over 10 years—between watchful waiting (a lesser form of active 
surveillance that is palliative in its intention) and radical sur- 
gery demonstrated in the Scandinavian Prostate Cancer Groups 
SPCG-4 randomized controlled trial.!? The more Prostate Cancer 
Intervention versus Observation Trial (PIVOT) randomized con- 
trolled trial of watchful waiting versus radical prostatectomy in 
the era of prostate cancer screening showed no overall survival or 
prostate cancer specific survival advantage to survival over a 11- 
year period.? While further follow-up may demonstrate a survival 
advantage, this difference in mortality may be offset by a process of 
surveillance with intervention limited to those who exhibit signs 
of progression*> as opposed to watchful waiting. As radical treat- 
ments carry significant periopertive morbidity (wound infection, 
haemorrhage, hospital stay), potentially lifelong side effects (such 
as incontinence, erectile dysfunction, rectal toxicity), and fail to 
cure many men, ablative therapies that reduce treatment burden 
while retaining acceptable cancer control have increasingly become 
areas of evaluation. 

The overtreatment of low-risk prostate cancer and limited 
effect upon disease specific mortality is further brought into con- 
text by two randomized controlled trials assessing the efficacy of 
population prostate-specific antigen (PSA) screening. The North 
American Prostate Lung Colorectal and Ovarian (PLCO) screen- 
ing trial showed no difference in prostate cancer specific mortality 
between the screened and non-screened arms with a mean follow- 
up of seven years, while the European Screening study (ERSPC) 
study showed that 1,400 men would need to be screened and 48 
men treated to save one life within 10 years.° These numbers have 
dropped with further follow-up, but still remain relatively high. 
While arguments rage about the strengths and weaknesses of each 
study, what is very clear is that any advantage from screening and 
treatment is likely to be small if all cancers are treated uniformly. 
We are therefore left with abandoning the screening and diagnosis 


of prostate cancer or finding ways in which to identify those men 
that are likely to benefit from treatment—and in these men, offer 
tissue preserving therapy which is targeted to the cancer and not 
the whole organ, when it is morphometrically possible to do so 
(Fig. 6.8.1). 


The conceptual basis for focal therapy 


The problems associated with overtreatment are mitigated if both 
harms and costs are reduced. At the present time, most treat- 
ments for early prostate cancer are both expensive to administer 
and harmful to the patient (erectile function rates of 30-90%; pad 
requirement rates of 5-20%; and rectal symptoms occurring in 
5-20% of men exposed to radiotherapy). Indeed, men may be will- 
ing to accept higher rates of genitourinary functional preserva- 
tion with lower rates of survival. Trade-offs such as these are not 
unusual. In a published discrete choice experiment, men stated a 
need for an additional 26 months of life in order to compensate for 
lifelong urinary incontinence.” 

There are two mitigation strategies that might be deployed. 
The first is a molecular/imaging phenotyping that would iden- 
tify men who have clinically important cancer that might benefit 
from treatment.8-!! Multiparametric MRI for instance has high 
rates of sensitivity and negative predictive value for Gleason 7 
or greater and/or lesions with a volume of 0.5 cc or larger. This 
gives the test the optimal attributes for ruling out disease, which 
many (if not most) physicians would agree meets the threshold 
of what requires treatment rather than no treatment. The sec- 
ond strategy is to change the therapeutic target to the cancer 
(plus a margin) instead of the organ harbouring the cancer. In 
essence, little mitigation has occurred. Both surgery and radio- 
therapy have seen an escalation of complexity with minimal gains. 
Intensity-modulated radiotherapy on the one hand and robotic 
radical prostatectomy on the other have not resulted in the path- 
way transformation that was hoped for. For instance, a analysis 
has demonstrated few differences in quality-adjusted life years 
among the various surgical methods; surgical methods tended 
to be more effective than radiation, although combined external 
beam and brachytherapy radiation treatment for high-risk dis- 
ease was the exception. Radiotherapy techniques were consist- 
ently more expensive than surgery although both were expensive, 
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Fig. 6.8.1 (A) Multifocal clinically significant prostate cancer. Not suitable for focal therapy. (B) Unifocal clinically significant prostate cancer suitable for focal therapy. 
(C) Multifocal clinically significant and clinically insignificant prostate cancer. Suitable for focal therapy using hemiablation. (D) Multifocal clinically significant prostate 
cancer on one side and clinically insignificant lesions elsewhere. Suitable for focal therapy using index lesion ablation. 


with costs ranging from $19,901 (robot-assisted prostatectomy 
for low-risk disease) to $50,276 (combined radiotherapy for high- 
risk disease).!2 Others have shown that cost savings are not real- 
ized, at in the first year and in the United States, between open 
and minimally invasive surgery.!> Others have shown that proton 
beam therapy is significantly more expensive, even if it theoretic- 
ally improved cancer outcomes, compared to photon beam stand- 
ard radiotherapy.!* In addition, there is little robust evidence that 
much has changed in relation to patient reported side effects. 1516 
It appears that an alternative strategy is going to be needed. One 
of the few on the table currently is to change our therapeutic tar- 
get in the way that we have with renal and penile cancer.!7-?! 
In these two examples, we have witnessed a migration from an 
organ-based approach to one that attempts to treat the cancer plus 
a margin. 


Prostate cancer biology—multifocality, 
the index lesion, and the idle lesion 


The question then arises about the extent and nature of the margin. 
A hemiablation is easy to conceptualize and probably easy to stand- 
ardize. However, for the smaller tumours it might also represent 
overtreatment. It has served as the entry point to focal therapy for 
many of the early phase studies. The alternative task of identifying 
the tumour in space and applying a volumetric margin is one that 
is much more exacting of both our risk stratification methods and 
our clinical competencies (Fig. 6.8.2). 

This approach makes sense from the perspective of parsimony. 
It also makes sense from the perspective of biology. Small, low- 
risk cancer foci have very limited potential for harm. Generating 
a threshold (based on volume and grade) over which we treat and 
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Fig. 6.8.2 (A) Pre-op axial T2W MRI showing anterior large lesion with Gleason 
3+3 on template biopsies. PSA7.7. (B) Post-Focal HIFU 1 week contrast enhanced 
axial T1W MRI showing anterior area of poor perfusion corresponding to 
treatment area. PSA 1.1 at 3 months. (C) Another man with large >90 mL gland 
has left peripheral zone lesion Gleason 3+4, focally ablated with HIFU. 


below which we do not might serve to define our target lesion that 
is worthy of selective treatment.?? 

The reason this approach makes sense is as follows. There is evi- 
dence that progression is determined by tumour volume, and that 
the key threshold lies approximately at 0.5 cc.?3?4 Second, the reli- 
able identification of small lesions (less than 0.2 cc) is beyond the 
capability of our diagnostic machinery. Third, most (around 80% 
of men) seem to have a dominant lesion that is clearly identifiable. 
This tends to be the lesion with the highest-grade disease. Moreover, 
the dominant tumours tend to be the most closely associated with 
extracapsular extension. Further proof comes from the increasing 
number of studies that attempt to phenotype the molecular genet- 
ics of both prostate lesion and metastases.2° Dominant lesions are 
much more likely to share a phylogeny with metastases than non- 
dominant lesions. 

We know that prostate cancer is multifocal. We also know that 
most lesions are not destined to progress. What we need to be is 
better at identifying those that might.? Our knowledge of low- 
risk lesions is improving and attempts have been made to remove 
the cancer label from them. The term ‘indolent lesions of epithe- 
lial origin (IDLE)’ has been proposed.?” The prostate is far from 
being an outlier when it comes to this proposition. For example, 
low-risk lung, thyroid, and bladder cancers are or have undergone 
such recalibration (e.g. papillary urothelial neoplasm of low malig- 
nant potential (PUNLMP) for a low-risk bladder cancer). In fact, 
such a recalibration has already occurred a number of times, as 
histopathologists have redefined (and lowered the threshold for) 
what constitutes a particular Gleason pattern. Thus, a year-on-year 
upgrading (termed the “Will Rogers effect’) in which tumours are 
scored as higher Gleason sum scores has been seen. In fact, one 
could argue that small low-grade lesions do not seem to meet the 
critical criteria that we tend to reserve for cancers.*® This may be 
a central foundation for tissue preservation—if not all cancers are 
destined to invade and metastasize, then not all men need treat- 
ment and more crucially, not all lesions within one man need 
treatment.?? 

Further work on lymph node metastases from post-mortem 
studies has added to the knowledge. TMPRSS-ERG gene fusion 
has been seen in both index lesion and metastases, but have not 
been seen in lesser lesions.*°*! Importantly, in those men who have 
metastases, these metastatic deposits share one common cell of 
origin.3233 

The low malignant potential of low-grade small lesions should 
not be surprising considering that one-third of the male population 
has a form of prostate cancer that will not manifest during their 
lives.** When prostates are removed for reasons other than pros- 
tate cancer, we see high levels of prevalence.> Furthermore, this 
low malignant potential for Gleason grade 6 disease is underlined 
by the finding in one study, which demonstrated that of 9,775 men 
who had pure Gleason 6 disease in radical whole-mount prosta- 
tectomy specimens, only three died of prostate cancer in a 15-year 
period.*° Other groups have confirmed this, but in trials that used 
different end points.3738 

The assertion that there is a very low risk form of prostate can- 
cer has been verified by the active surveillance series, where the 
rate of prostate cancer specific death is exceptionally low.*? In the 
Toronto series, prostate cancer mortality occurred exclusively in 
men at higher risk.4? Two reports from active surveillance cohorts 
derived from the ERSPC study add a further uncertainty in 


relation to intermediate-risk disease. The first from Rotterdam and 
Helsinki comprised 509 men; of these, 381 were low risk, and 128 
were deemed to be intermediate risk. After a median 7.4 years fol- 
low-up, 221 men (43.4%) opted to defer their treatment. Just over a 
third in the low-risk group underwent treatment and just over half 
of the intermediate risk group crossed over to more radical therapy. 
Distant metastases were found in one low-risk and three intermedi- 
ate-risk men. The Goteburg arm looked at 439 (45.7%) men who 
were managed with active surveillance from a total of just under 
1,000 in the screening group*!; half of these men were low risk 
(224; 51.0%), about one-quarter were very low risk (117; 27%), and 
most of the remaining were of intermediate risk (92; 21.0%). One 
or two were high risk (6; 1.4%). Two hundred and seventy-seven 
men remained on a surveillance strategy. However, by risk group, 
respectively, the following remained on surveillance: 133 (59%), 58 
(50%), 46 (50%), and 3 (50%). Sixty men died during follow-up. 
Only one man—attributed and intermediate risk status—died from 
prostate cancer. This was over a decade after diagnosis. Despite these 
data indicating safety,*? only 1 in 10 in the United States and 4 in 10 
of men in the United Kingdom with low-risk disease are allocated to 
active surveillance.43#4 This may be physician or patient-related, but 
likely a combination of both. With the uncertainty around longer 
follow-up, especially in the intermediate-risk group, this is hardly 
surprising, but does point to the need for improved therapeutic 
interventions that can minimize the harms of treatment if that is 
what men and their physicians choose. 


Patient population 


Any man with localized prostate cancer suitable for curative ther- 
apy should be regarded as potentially suitable for some form of 
focal therapeutic intervention. However, focal therapy has been 
seen by many, predominantly in the United States, as an alternative 
to active surveillance.’ It is not. It should be part of a risk-stratified 
approach to care, in which the patient’s disease status and his and 
his partner’s wishes and preferences inform the therapeutic deci- 
sion. It is complementary and not in competition to either surveil- 
lance or whole gland treatment (Fig. 6.8.3).45 

Much argument has been proposed that cites focal therapy as an 
option for men who are unable to tolerate the idea of surveillance 
because or worry and or anxiety. This argument does not carry 
much weight, as the literature does not support widespread anx- 
iety or decisional regret in this cohort of men. What is needed is 
risk stratification of high precision, clear communication of the risk 
stratification, and an openness to shared decision-making.*®->° 

The other side of this argument is that radical therapy should 
be reserved for clinically significant disease and that anything less 
would jeopardize oncological outcome. For this question to be truly 
resolved, we will need long-term data looking at metastases and or 
death from prostate cancer. This will require large cohorts moni- 
tored over one to two decades and adjusted for risk. Even this may 
not give us the answer if head-to-head randomized controlled trials 
(RCTs) comparing conservative strategies to radical therapy show 
no significant differences in overall survival. 


Localization of disease 


Even if focal therapy does not become the standard of care, it 
will have contributed towards overall health gain by making it an 
absolute requirement that precise risk stratification is obtained at 
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Fig. 6.8.3 (A) Large right peripheral zone lesion treated with wide margin— 
whole gland treatment. Higher likelihood of complete treatment but significant 
rates of genitourinary toxicity. (B) Large right peripheral zone lesion treated with 
wide margin but confined to lobe—hemiablation. Higher likelihood of complete 
ablation with fewer genitourinary toxicity compared to whole gland. (C) Large 
right peripheral zone lesion treated smaller margin—zonal or focal ablation. Lower 
likelihood of complete ablation but much fewer genitourinary toxicity. 
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diagnosis. Below is a summary of the technologies and change that 
they have conferred. 


Transperineal 3-D mapping biopsies 

The most precise sampling that we have invokes a 5-mm sampling 
frame.>!-*6 Accuracy rates of 95% at detecting clinically significant 
prostate cancer have been widely reported. 


Imaging 
Ultrasound has not been great at localizing prostate cancer. Most 
of the successes have been in single centre series but have proved 
difficult to reproduce.°”*8 Techniques such as contrast enhanced 
ultrasound, tissue characterization (using radio-frequency 
backscatter) and Doppler may well prove to have a role, pos- 
sibly in combination”?-63 and more specifically with the larger 
lesions.6+95 

Multiparametric MRI (comprising T2-weighted, dynamic con- 
trast enhancement, diffusion weighting) shows the greatest prom- 
ise. The quality of the imaging is compromised by post-biopsy 
artefacts, and under optimal circumstances needs to be done prior 
to a biopsy. Encouraging results (admittedly from single-centre ser- 
ies) have generated negative predictive values of 90% or greater for 
the detection of clinically significant prostate cancer. °7 

At the heart of the arguments for and against each modality of 
localization is the need for precision in excluding disease from 
untreated areas. Greater accuracy upfront will logically translate 
into lower recurrence or de novo disease rates in untreated areas, 
in the long term. The inaccuracy and uncertainty of tools for deter- 
mining unilaterality for example using transrectal ultrasonography 
(TRUS) biopsy may be accepted by some clinicians and patients 
in order to avoid further (expensive and/or morbid) interventions 
in the understanding that a higher recurrent/residual cancer rate 
is found in the untreated side. Provided that the interval between 
treatment and detection of cancer in the contralateral side is not 
sufficient for disease progression, patients could then have that side 
treated. 


Targeted biopsy 


Biopsy data is commonly used to determine cancer risk. A targeted 
approach to lesions found on imaging may have an impact on the 
risk that a particular man is attributed. Features widely used to 
indicate high risk include Gleason score 27, as well as parameters 
to indicate the amount of cancer, such as maximum cancer core 
length, maximum percentage cancer, and the number of positive 
biopsies.68 However, if a tumour is exposed to a greater sampling 
density than the rest of the prostate, it is likely that the proportion 
of cores that are positive, and the maximum cancer core length, 
will be greater compared to a TRUS biopsy. In addition, higher 
Gleason patterns, if truly present, are more likely to be sampled 
(Fig. 6.8.4). If the trend towards image-guided biopsy continues 
unchecked, it is likely that we will witness a systematic increase 
in risk attribution in the men subjected to biopsy if the standard 
criteria for attributing risk are applied. It is therefore likely that 
new risk prediction models based on targeted biopsies will be 
required. As a start to correct what could be regarded as an arte- 
factual increase in cancer risk derived from targeted biopsy, a risk 
stratification system that is independent of the number of positive 
cores could be considered. 


@ Targeted biopsies demonstrate 
Gleason 3+4 or 3+3 cancer 


@ Targeted biopsies demonstrate 
Gleason 4+4 cancer 


===> Transrectal biopsies demonstrate 
Gleason 3+3 cancer 


Fig. 6.8.4 A Gleason 3+4 lesion in the left peripheral zone which through 
targeted biopsies may be miss-classified as very low risk on transrectal biopsies 
and very high risk 4+4 through a true-hit into the central pattern 4 using current 
risk stratification systems. 


Ablative technology 


There are numerous ways by which tissue can be selectively 
destroyed.© High-intensity focused ultrasound (HIFU) and 
cryosurgery—old technologies that have been adapted for use in 
focal therapy—are the only two modalities that benefit from retro- 
spective and prospective published data. In summary, men can 
expect a 95% and 85% probability—for HIFU and Cryotherapy 
respectively—of preserving genitourinary function compared to 
baseline.””7! Other techniques such as brachytherapy, stereotac- 
tic radiotherapy, irreversible electroporation, radio-frequency 
ablation, magnetic resonance hyperthermia using magnetic nan- 
oparticles, and toxin injections into the prostate are all under 
investigation.’”7 


Clinical outcomes of focal therapy 


So far, only single institution case series have reported as full pub- 
lications, although prospective trial data is starting to emerge at 
the time of writing (Table 6.8.1 and Table 6.8.2). One of the first 
ever series reported was that by Onik.”47° He reported the fate of 
55 men treated with cryotherapy hemiablation that had one year 
follow-up. Ninety-five per cent (52/55) exhibited PSA stability (as 
defined by ASTRO criteria) and of the 51 potent prior to the pro- 
cedure, 44 (86%) remained potent after hemiablation. Four (7%) 
required retreatment due to infiled recurrence. This study was one 
of the first to highlight the imprecision of TRUS guided biopsy. In 
Onik’s hands, when transperineal template biopsies (5 mm sam- 
pling frame) were applied as the reclassification tool over half the 
men that were deemed to have unilateral disease on TRUS crite- 
ria were verified as having this.”6-80 Bahn et al.’* reported another 
cryotherapy with longer follow-up (70 months). In this report, bio- 
chemical disease-free status was seen in 93% of patients. This was 
associated with a 96% negative-biopsy rate. Potency (erections suf- 
ficient for penetration) was seen in the majority (89%). The series 


Table 6.8.1 Focal therapy of prostate cancer using cryotherapy 
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Name and device Onik et al. (2009) Ellis et al. (2007) Lambert et al. Bahn et al.(2006) Crawford/ COLD Registry Bahn et al. 
(Endocare) (Endocare) (2007) (Oncura) (Endocare)* Barqawi (2009) (2009) (2012) 
(Endocare) (Endocare) (Endocare)* 
Type of study Retrospective Retrospective Retrospective Retrospective Prospective Retrospective Retrospective 
No. 112 60 25 31 100 795 73 
Therapy Hemi Hemi Hemi Hemi Focal ‘Focal/Partial’ Hemiablation 
Biopsy Template TRUS TRUS TRUS +Doppler Template TRUS TRUS+Doppler 
Mean PSA (ng/ml) 83 7.2 +/-47 6 (range 1-13) 495 5.2 +/- 4.1 Not reported 5.4 (range 
0.01-20) 
Gleason Score <6 </=8 e= x= <f=7/ </=8 </=4+3 
Potency 85% 70.6% 70.8% 89% 83% 65% 86% 
Incontinence 0% 3.6% 0% 0% NR 2.8% 0% 
F/U (mean, months) 43.2 152 28 70 NR 12 Median 3.7yrs 
Disease control 93% NED 76.7% (biopsy) 88% (>50% nadir 96% (biopsy) 92% 97% (biopsy at 4.5% (36/295) 70% reduction in 
reduction) (ASTRO) 12/12) 25% (36/199) PSA12/48 (25%) 
83% (ASTRO) positive biopsies 
contralateral 
side: 11/12 
@ ipsilateral: 1/12 
*likely to be same but updated series. 
Table 6.8.2 Focal therapy of prostate cancer using high-intensity focused ultrasound 
Name and device Muto et al. (2008) Barret (2009) Ahmed et al. (2009) Ahmed et al. (2012) 
(Sonablate500) (Ablatherm) (Sonablate500) 
Type of study Retrospective Retrospective Prospective Prospective 
No. 29) 12 20 41 
Therapy Hemiablation Hemiablation Hemiablation Focal (unifocal and 
bilateral) 
Biopsy TRUS biopsy TRUS Biopsy MRI and template MRI and template 
mapping biopsies mapping biopsies 
Mean PSA (ng/ml) 5 (range 2-25) <10 <15 <15 
Gleason Score </=8 </=7 </=443 </=44+3 
Potency Not reported Not reported 19/20 (95%) 31/35 (89%) 
Incontinence (pad-free) Not reported 0% 1/20 (5%) 0/38 (0%) 
Disease Control 76.5% (biopsy) 58% (10 years) Biopsy positive Biopsy positive 


+ 2/19 (10%) (any cancer) # 9/39 (23%) (any cancer) 


+ 0/19 (0%) (significant cancer) 3/39 (8%) (significant 
cancer) 


was subsequently updated in a more publication reporting on 73 
men.®! There is some evidence to show that penile rehabilitation 
may be more effective if tissue is preserved.8? Some reports, par- 
ticularly those that relied upon a TRUS based diagnostic strategy, 
have not fared so well and have required some men to undergo 
retreatment.*? Ward and Jones reported on 1,160 men who under- 
went focal cryotherapy within the Cryo On-Line Database (COLD) 
registry sowing very encouraging rates of biochemical control 
and functional outcomes although the data was limited by lack of 


formal validated questionnaires and histological determination of 
treatment success or failure.84 

HIFU, probably because it was less widely available than cryo- 
therapy, has been evaluated more formally (Table 6.8.2). Muto and 
colleagues were the first to report. They did hemiablation using a 
Sonablate® 500 HIFU platform on a rather heterogeneous series.8? 
Men with unilateral disease on TRUS biopsy (n = 29) had abla- 
tion directed to both peripheral zones and one-half of the transi- 
tion zone. Despite the poor characterization only 10% (3/28) had 
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positive biopsies when assessed at six months. However, a further 
26% (4/17) had positive biopsies at the 12-month assessment. 
Urinary symptoms were stable prior to and following therapy. 
Sexual outcomes were not reported. 

We now have a number of prospective studies that we can use to 
advise patients. The group at University College London (UCL) in 
the United Kingdom have reported on a hemiablation series that 
was both registered and prospective. In summary, 20 men (char- 
acterized by multiparametric MRI and template prostate mapping) 
exhibited an early return of baseline genitourinary function by 
three to six months. Ninety-five per cent (95%) reported having 
erections sufficient for penetration, 95% were pad-free. Oncological 
outcomes were favourable. Within field 90% were free of significant 
cancer (<1 core positive, Gleason 3+3, </=3 mm).°3 

In a further study (n = 41) by the UCL group, this time explor- 
ing the outcome of focal/zonal ablation using HIFU similar results 
were obtained.*4 The third study of the trilogy recruited 56 men 
and had treatment to the index lesion plus a margin. Currently the 
UK INDEX (a prospective and multicentre study) is both larger 
and longer term with three-year mapping biopsy as the primary 
outcome. This will inform the medium term oncological outcome 


Conclusion 


For men diagnosed with medium risk early prostate cancer, the thera- 
peutic dilemma remains a stark one. It is not helped by the inherent 
inaccuracies of our current diagnostic pathway in which transrectal 
biopsies are used as the verification test. Tissue preserving therapy 
relies on the accurate diagnosis, characterization, and localization 
of disease within the prostate so that therapy can be targeted to the 
cancer—something we do all the time in other tumours. Early small 
series have shown that toxicity is very much lower. However, there is 
still much to determine. Reproducibility and longevity of cancer con- 
trol are important for both physician and patient confidence. Indeed, 
with very little in the way of survival advantage for radical therapies 
against surveillance in the long term, reproducibility across centres 
with acceptable disease control rates in the medium term may well 
be the level of evidence required to change practice. 
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High-risk prostate cancer 


Steven Joniau, Siska Van Bruwaene, 
R. Jeffrey Karnes, Gert De Meerleer, Paolo Gontero, 
Martin Spahn, and Alberto Briganti 


Introduction to high-risk prostate cancer 


An important tenant in prostate cancer (PCa) is to identify and 
treat men who are at risk of suffering or dying from their disease, 
without over treating men with indolent cancer, who are likely to 
die of another cause. Defining these PCa patients who are at risk 
and selecting an appropriate treatment for everyone is an import- 
ant, multidisciplinary challenge. 


Defining high-risk prostate cancer 


Definition 


The outcome of PCa is strongly related to its TNM (tumour node 
metastasis) clinical stage, biopsy Gleason score (GS) and pre- 
treatment serum prostate-specific antigen (PSA) levels. Since 
no single criterion is able to adequately identify all patients with 
localized PCa who have a high likelihood of progression after ther- 
apy, a combination of the parameters seems preferable. In 1998, 
D'Amico et al.! defined high-risk localized PCa (i.e. >50% prob- 
ability of PSA failure at five years after curative treatment) as 
stage cT2c, or PSA >20 ng/mL, or GS 8-10. These criteria were 
adopted by the American Association of Urology (AUA). In con- 
trast, the European Association of Urology (EAU) guidelines and 
the National Comprehensive Cancer Network (NCCN) guidelines 
define high-risk PCa as stage 2cT3a or PSA >20 ng/mL or GS 8- 
10.7? Both guidelines also define very high-risk PCa as cT3b-T4 NO 
(i.e. invasion in the seminal vesicles or adjacent structures) or any T 
with N1. Indeed, Epstein and co-workers‘ found that 10 years after 
radical prostatectomy (RP) only 27% of T3b patients and none of 
the patients with T4 disease or lymph node (LN) metastases were 
progression-free. Results were significantly better for men with 
localized disease (pT2) and either focal or established capsular 
penetration (pT3a) (84.7 vs. 67.7 and 58.4%, respectively). 

At this moment, there is still no definitive consensus on the def- 
inition of high-risk PCa (Table 6.9.1). Importantly, whatever def- 
inition used, not all patients diagnosed with high-risk PCa have 
an invariably poor prognosis. Several reports indicate heteroge- 
neous outcomes for groups defined as high-risk PCa patients. For 
example, Yossepowitch et al.° compared eight different definitions 
of high-risk PCa and reported a 5-year biochemical relapse free 
survival (BRFS) after RP that ranged from 49% to 80%. This means 
that further risk stratification within this group is important in 


Table 6.9.1 Definitions of high-risk prostate cancer (PCa) 


D'Amico! PSA 220 ng/mL or 
Gleason sum 8-10 or 


Clinical stage >T2c 


American Urological PSA 220 ng/mL or 
Association (AUA) Gleason sum 8-10 or 


Clinical stage >T2c 


National Comprehensive PSA 220 ng/mL or 
Cancer Network (NCCN) Gleason sum 8-10 or 
Clincal stage >T3 or 


Any two of the following: T2b/c, 
Gleason sum 7, PSA 10-20 ng/mL 


European Association of PSA 220 ng/mL 


Urology (EAU) or biopsy Gleason 8-10 
or clinical stage T3a or higher 
Radiation Therapy PSA 20-100 ng/mL 
Oncology Group (RTOG) Biopsy Gleason 8-10 and any clinical stage 


or clinical stage >T2c or PSA <100 ng/mL 
and Gleason 8-10 


Source: data from D'Amico AV et al, ‘Biochemical outcome after radical prostatectomy, 
external beam radiation therapy, or interstitial radiation therapy for clinically localised prostate 
cancer, Journal of American Medical Association, Volume 280, Number 11, pp. 969-974, 
Copyright © 1998 American Medical Association; Mohler JL et al, National Comprehensive 
Cancer Network, Clinical Practice Guidelines in Oncology: Prostate Cancer, Copyright © 2012 
National Comprehensive Cancer Network, available from: http://www.nccn.org/professionals/ 
physician_gls/f_guidelines.asp; American Urological Association, lan Thompson et al, Prostate 
Cancer: Guideline for the Management of Clinically Localized Prostate Cancer: 2007 Update, 
Copyright © 2007 American Urological Association Education and Research, Inc, available 
from https://www.auanet.org/education/clinical-practice-guidelines.cfm; Heidenreich A et al, 
European Association of Urology, Guidelines on Prostate Cancer, Copyright © 2012 Uroweb, 
available from: https://uroweb.org/guideline/prostate-cancer/; and Radiation Therapy 
Oncology Group (RTOG), Publication Table, Copyright © RTOG, available from https://www. 
rtog.org/Publications/PublicationsTable.aspx 


order to identify patients that can be cured with local therapy, ver- 
sus those that might benefit from a multimodality approach. 


Prevalence 


Despite PSA screening and early detection of PCa, a fair proportion 
of patients still present at diagnosis with high-risk PCa. Indeed, 


522 


SECTION 6 ONCOLOGY 


Cooperberg et al. evaluated the trend in high-risk PCa in the US 
between 1990-2007. This revealed the percentage of patients pre- 
senting with high-risk PCa defined by the NCCN definition, went 
from 27.4% in 1990-1994 to 21.7% in 1995-1999, to 26.3% in 2000- 
2003 and to 13.7% between 2004-2007.° Furthermore, in the pub- 
lished European Randomized Study of Screening for PCa (ERSPC), 
9.8% of the patients had T3/T4 tumours and 8.8% had GS >7 in the 
screening arm, while in the control arm, these figures were 15.8% 
and 19.5%, respectively.” Interestingly, in the Rotterdam arm of the 
ERSPC trial, 76.8% of the men who developed metastasis and/or 
died from PCa despite screening were patients with high-risk PCa.8 


Natural history 


In discussions of high-risk prostate cancer, the age and co-morbidities 
of the patient should always be taken into account. Albertsen et al. 
showed that a higher co-morbidity score is associated with higher 
overall mortality and lower prostate cancer-specific mortality.? 
Furthermore, cancer-specific survival data for PCa patients treated 
conservatively without curative intent improved over the years. 
This is probably due to stage migration, overdiagnosis related to 
PSA testing or advances in medical care in general.!° Albertsen 
et al. reported in 2005 the outcome of patients with localized 
PCa managed by observation or androgen deprivation therapy 
(ADT) alone." They concluded that patients with high-grade PCa 
(Gleason 8-10) have a high probability of dying from PCa within 
10 years of diagnosis (50-61%). Lu-Yao et al. presented a simi- 
lar study in 2009, representing patients in the post PSA era.!° In 
this study the 10-year cancer-specific mortality was only 25%. A 
Swedish study by Akre et al. in 2011 evaluated the mortality in a 
large cohort of men (12,184 patients) with locally advanced PCa 
(cT3 or cT4 or cT2 with PSA between 50 and 99 ng/mL) managed 
with non-curative intent. They described a cumulative PCa-specific 
mortality at eight years of follow-up of 52% in patients with biopsy 
GS 8 and 64% in those with biopsy GS 9-10 PCa.!? 

Most in 2012 Rider et al.!> presented the 15-year mortality esti- 
mates for PCa death in non-curatively treated men in a nation- 
wide population-based cohort in Sweden. Patients with high-risk 
PCa (T3 or PSA 20-50 ng/mL or GS 28) had a cumulative risk of 
PCa death of 35.5% rising to 49.1% in patients with more adverse 
features (T4 or N1 or PSA 50-100 ng/mL). When comparing 
all-cause mortality data with a matched comparison cohort (ran- 
domly selected men free of PCa) the curves for low-risk PCa were 
superimposed during the entire 15-year follow-up, the curves for 
intermediate-risk PCa only diverged after five years, while for both 
high-risk PCa and metastatic disease the curves clearly diverge 
soon after diagnosis. 


Staging in high-risk prostate cancer 

T-staging 

Downstaging of clinical T3 prostate cancer (on digital rectal exam- 
ination or ultrasound) to a pathological T2 tumour is relatively 
frequent and occurs in +/- 30% of cases (Table 6.9.2). This has 
an obvious consequence for prognosis. Briganti et al., showed that 
patients with specimen-confined disease after RP (i.e. pT2-T3aRONO 
patients), have significantly higher 10-year cancer-specific survival 
(CSS) rates (98%) than patients with non-specimen-confined dis- 
ease (88%).!4 On the other hand, depending on PSA and Gleason 
score, 6-68% of cT3a tumours were shown to be understaged, 


either invading the seminal vesicles (SVs) (pT3b) or neighbouring 
organs (pT4).!5 Downgrading to lower Gleason scores occurred 
in 34-55% of patients with poorly differentiated prostate can- 
cer (Table 6.9.2). The probability of downgrading increased with 
lower clinical stages.!© Downgraded cases showed significantly 
better biochemical progression-free survival (56% vs. 27%).16 
Interestingly, biopsy Gleason score remained strongly associ- 
ated with progression even when controlling for the pathological 
Gleason score, so it can be incorporated independently into post- 
operative nomograms.!” 

Increasing evidence shows the superiority of magnetic resonance 
imaging (MRI) in the prediction of extraprostatic extensions when 
compared to digital rectal examination (DRE) or ultrasound.!* A 
study showed overstaging in only 6% of patients and a clear impact 
on surgical strategy. Patients with imaging findings suggesting 
>cT2 were less likely to undergo neurovascular bundle sparing.!° 
Likewise, MRI guided biopsies are significantly more representa- 
tive of true Gleason grade.” Therefore, in a high-risk PCa popula- 
tion, preoperative MRI might be a useful tool in risk stratification 
to identify patients in whom primary cancer control is possible and 
in whom nerve-sparing techniques are a safe option. 

Several nomograms and tools have been developed to predict 
pathological stage. The Partin tables have been widely used to 
predict the final pathological stage after RP based on combina- 
tions of preoperative serum PSA, biopsy Gleason sum, and clin- 
ical stage.2! However, these tables were mainly based on data from 
patients with T1lc-T2c PCa. Therefore, several tools have been 
developed to predict the pathology at RP in patients with clinical 
T3-4 PCa. Briganti et al. designed a nomogram—including pre- 
treatment PSA, age, clinical stage, and biopsy Gleason sum—that 
can predict the presence of specimen-confined disease at RP with 
72% accuracy.!4 In addition, Joniau et al., using data from the 
European Multi-centre Prostate Cancer Clinical and Translational 
research group (EMPaCT), created a look-up table using a combin- 
ation of pretreatment PSA and biopsy Gleason sum to predict final 
histopathology.!° 


N-staging 

Computed tomography (CT) is a commonly used non-invasive pro- 
cedure for PCa LN staging. In a study by Briganti et al., the sensitiv- 
ity, specificity, and accuracy of CT scan for LN staging in high-risk 
prostate cancer were only 52.3%, 50.5%, and 56.1%, respectively. 
They estimated that in the presence of pathologically defined LN 
invasion, CT scan would show positive findings only in roughly 2 of 
10 patients with high-risk prostate cancer, suggesting that CT scan 
for preoperative nodal staging is no better than tossing a coin.” 
Notwithstanding these limitations, preoperative CT scan in high- 
risk PCa remains a reliable imaging modality to detect bulky and/or 
nodal disease that may prevent successful ablative surgery.” 

The question of whether we can overcome these problems by 
using modern imaging techniques has yet to be solved.?3 In years, 
many functional imaging modalities were introduced, reflecting 
metabolic changes such as [11C] choline positron emission tom- 
ography (PET)-CT and tissue characteristics such as diffusion- 
weighted MRI. Although these modern imaging techniques seem 
to have great potential, their current resolution is too low to accur- 
ately detect LN metastases that are not detected by a contrast- 
enhanced CT scan.?*?5 In a small study of Budiharto et al.?° 
sensitivity of [11C] choline PET-CT and diffusion-weighted MRI 


were only 9.4% and 18.8%, respectively. Until now, only high- 
resolution MRI with magnetic nanoparticles has proven to suc- 
ceed in accurately detecting small and otherwise undetectable LN 
metastases in PCa patients, with an increase in sensitivity to 100% 
on a patient-based analysis.?” Unfortunately, no magnetic nanopar- 
ticle agent is currently approved for diagnostic use nor has any type 
of study validated these findings or replicated, so sufficiently accur- 
ate imaging techniques are still lacking. 

An alternative, or better a parallel tool to imaging is the use of 
nomograms to predict LN metastasis. Several nomograms have 
been developed to predict the patient’s risk of lymph node inva- 
sion (LNI) based on pretreatment parameters (mainly PSA, clinical 
stage, Gleason sum).?8 However, most of them are based on find- 
ings derived from limited pelvic lymph node dissection (PLND), 
which should no longer be performed, as it misses at least half of 
the LNs involved.”? Briganti et al. proposed a nomogram based on 
findings from extended PLND (ePLND)*° and suggested a cut-off 
risk to perform a lymphadenectomy of 5%. Nomograms could pro- 
vide additional information, both for urologists—helping them 
to guide surgical practice—and for radiation oncologists, helping 
them to better define radiation fields during treatment planning. 

It is generally accepted that until now, pelvic LN dissection (LND) 
has proved to be the most accurate and reliable nodal staging pro- 
cedure.?8-30 Both NCCN and EAU guidelines”? indicate that at the 
time a RP is performed in (very) high-risk patients, it must be com- 
bined with an ePLND because LN involvement is common in these 
patients (up to 46%).29 


M-—staging 

Skeletal metastases (M staging) are currently assessed by bone scan. 
Promising results have been reported with preoperative use of PET/ 
CT scans with !8F-fluorocholine and !*F-fluoride in patients with 
high-risk prostate cancer and a negative or inconclusive bone scan. 
For 20% of the patients the results of the PET/CT scans changed 
the treatment plan.?>3! Another study similarly showed that MRI 
of the axial skeleton identified metastases in seven (30%) of 23 
patients considered negative and eight (47%) of 17 patients con- 
sidered equivocal by other strategies (bone scan, targeted X-rays, 
and MRI on request), which altered the initially planned therapy.*# 


Risk stratification 


In addition, to improve counselling of high-risk patients regard- 
ing their prognosis, there is a need for substratification of high-risk 
patients into prognostic categories. Retrospective analysis of data 
from the EMPaCT research group showed that the cumulative num- 
ber of risk factors at diagnosis (i.e. PSA >20 ng/mL, biopsy Gleason 
sum 2 8 and clinical stage > cT3), was significantly associated with 
unfavourable histopathology, clinical progression, adjuvant treat- 
ment, salvage treatment and increased cancer-specific mortal- 
ity (CSM).?> Similar conclusions were reached in a retrospective 
study on high-risk patients treated with external beam radiother- 
apy (EBRT) + ADT.*4 Based on this idea, several nomograms were 
developed to predict either a patient’s risk of biochemical or clinical 
recurrence after RP, or his risk of CSM after RP, using a combin- 
ation of the primary risk factors pretreatment PSA, biopsy Gleason 
sum, and clinical stage. Unfortunately, most of these predictive 
tools were developed based on data from patients with cT1-2 PCa. 
Therefore, new nomograms for high-risk PCa patients are needed. 
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Alternatively, high-risk patients might be substratified 
into three prognostic subgroups based on particular com- 
binations of the primary risk factors: (i) a good-prognosis 
subgroup, comprising patients with only a single risk fac- 
tor; (ii) an intermediate-prognosis subgroup, with patients 
having a PSA >20 ng/mL and cT3-4; and (iii) a poor prog- 
nosis subgroup, including patients with biopsy Gleason sum 
8-10 in combination with at least one other high-risk factor. 
The 10-year CSS rates were 95.4%, 88.3%, and 79.7% for the 
good-, intermediate- and poor-risk subgroups, respectively.*° 
Therefore, patients in the good-prognosis subgroup might 
be treated adequately with RP alone, while in patients in the 
poor prognosis subgroup adjuvant treatment should be tested 
prospectively. As such, this easy-to-use model might facilitate 
patient counselling and might help clinical trial investigators 
in selecting a patient population that could benefit from (neo) 
adjuvant treatments. 

To improve risk stratification, it has been proposed to add 
secondary risk factors to the ‘standard’ prognostic models, 
such as extent of cancer in the needle biopsy, pre-diagnosis 
PSA velocity >2 ng/mL/year, PSA-DT, cancer volume at initial 
diagnosis (i.e. % of positive biopsy cores) or presence of a ter- 
tiary Gleason pattern 5. However, the additional clinical value 
of these secondary risk factors remains uncertain, as some of 
these parameters are not routinely collected in clinical prac- 
tice.3%37 In addition, the potential prognostic value of several 
biomarkers is currently being explored. For high-risk prostate 
cancer, it was found that progressive downregulation of micro- 
RNA (miR) 221 in the RP specimen was associated with a poor 
prognosis. miR-221 even had a higher prognostic value than 
the Gleason sum, which is known to be one of the strongest 
predictors of tumour recurrence. Most likely, in the future, not 
a single biomarker but a combination of a multiple biomarkers 
will be needed to accurately predict outcomes for each individ- 
ual patient.38 


Radical prostatectomy for high-risk 
prostate cancer 


The management of locally advanced and/or high-risk PCa is one 
of the most compelling contemporary challenges. In the absence 
of a randomized trial comparing the true benefit of currently 
available treatment modalities (i.e. surgery, radiation therapy 
(RT), ADT) or a combination of these, it is very difficult to prop- 
erly counsel patients on the optimal treatment. Cooperberg et al. 
published the local variation and time trends in primary treat- 
ment of localized PCa.3? Data were analysed from the Cancer of 
the Prostate Strategic Urologic Research Endeavor (CaPSURE) 
registry. PCa risk was assessed using the D’Amico risk groups. Of 
the 11,892 patients, 1,790 patients (15.1%) had high-risk PCa. Of 
those, 3.2% opted for active surveillance, 7.5% for brachytherapy, 
18.1% for external RT, 32.8% for hormonal therapy, 6.1% under- 
went cryotherapy and 32.2% underwent RP. This means 36% of 
them did not receive local treatment and over 50% were delivered 
hormonal therapy as exclusive or adjunctive treatment (combined 
therapy with radiation). Rider et al.!3 reported even lower rates 
with only 27% of high-risk PCa patients receiving curative intent 
treatment. 
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Surgery for high-risk prostate cancer 
(GS >7, PSA >20, >cT2) 


Historically, RP was not considered an acceptable treatment 
option for patients with high-risk non-metastatic PCa, due to the 
high incidence of positive section margins, positive pelvic LNs, 
and poor long-term survival rate. Nowadays, RP combined with 
an ePLND is a valid strategy accepted by international guide- 
lines.2> The putative benefits of RP as first-line treatment are 
to achieve tumour volume reduction and optimal local control. 
Furthermore, pathologic examination of the resection specimen 
and postoperative PSA allows for better treatment individualiza- 
tion by carefully selecting patients that require adjuvant treat- 
ment. In a study Spahn et al.*° found that patients with pT3b 
disease with positive surgical margins at the bladder neck had 
the highest risk of death (five-year CSS 60.0% and overall sur- 
vival 52.3%), while pT3a disease (regardless of positive surgical 
margin location and lymph node invasion) and pT3b tumours 
with negative bladder neck margins had eight-year prostate 


cancer specific survival and overall survival rates of 92.0% and 
84.9%, respectively. 

Indeed, in high-risk PCa, RP can often be combined with adju- 
vant RT or ADT. For instance, in a large retrospective analysis con- 
ducted by the Mayo Clinic, approximately 75% of patients with cT3 
PCa were not controlled by surgery alone.*! On the other hand up 
to 30% of patients are overstaged and are potentially cured with sur- 
gery alone. Briganti published CSM data of high-risk PCa patients 
treated with RP. CSM ranged from 5.9% to 9.8% at 10 years depend- 
ing on age category*? while the CSM rate in a non-curatively treated 
population reaches 28.8%.!! 

Large retrospective series have analysed the oncological outcomes 
of surgery in men with high-risk non-metastatic PCa. These data 
are shown in Table 6.9.2. Ten-year CSS and ten-year overall survival 
(OS) rates were excellent, varying respectively between 83% and 
92% and between 70% and 77%. Even though more than half of the 
patients received adjuvant hormonal therapy and/or RT in most of 
the presented studies, the high CSS suggests that local cancer con- 
trol remains important in men with locally advanced disease. 


Table 6.9.2 Outcome after radical prostatectomy in high-risk prostate cancer 


Study Time span N Pathological outcomes (% of pts) OS (% of pts) CSS (% of pts) Adjuvant/ 
salvage 
Tx (%) 

pT2 pT3a pT3b pN1 SM+ GS8-10 5y 10y 15y 5y 10y 15y 

cT3a 

Ward (2005)*3 987-1997 84 27 — — 2y 56 18 90 76 53 95 90 79 78 

Carver (2006) 983-2003 176 30 — — 19 27 15 — = — 94 85 76 47 

Hsu (2007)*° 987-2004 200 24 57 16 9 34 41 % 77 — 99 92 — 56 

Freedland (2007)*° 987-2003 58 9 — — 31 22 41 — = — 98 91 84 26 

Yossepowitch (2008)*” 985-2005 243 22 — — 23 26 28 — = — 96 89 — — 

Xylinas (2009)*8 995-2005 100 21 53 26 7 61 9 — = — 9 — — 31 

Stephenson (2009)*? 987-2005 254 85 62 — 

Walz (2010)°° 987-2005 293 — — — 2 37 30 

GS 8-10 at biopsy 

Donohue (2006)5! 983-2004 238 34 — — 8 32 55 

Bastian (2006)>2 982-2004 220 — — — 7 29 66 

Yossepowitch (2008)*” 985-2005 401 35 — — 9 30 52 — — — 96 88 — — 

Stephenson (2009)4? 987-2005 702 84 66 — 

Walz (2010)°° 987-2005 269 — — — 4 38 45 

PSA >20 ng/mL 

Zwergel (2007)53 986-2005 275 21 42 33 28 49 87. 70 58 93 83 71 >47% 

Magheli (2007)%4 984-2005 265 — — — 24 41 30 

Yossepowitch (2008)*” 985-2005 441 33 — — 15 46 16 — — — 97 %1 — — 

Stephenson (2009)*? 987-2005 726 90 78 — 

Walz (2010)50 987-2005 370 — — — 16 46 11 

Gontero (2011)55 987-2005 712 21 28 38 24 55 26 90 73 — 95 89 — 250 


pts: patients, OS: overall survival, CSS: cancer-specific survival, Tx: treatment, N: number of patients, y: years, SM+: positive section margin. 
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Fig. 6.9.1 Extended lymphadenectomy in prostate cancer. Lymph node dissection: external iliac region (blue); obturator fossa region (green); internal iliac region 
(yellow); common iliac region (orange); and presacral region (purple). (A) Denominates the different vessels. (B) Shows the different lymph node regions. 
Reprinted from European Urology, Volume 63, Edition 3, Joniau S et al, ‘Mapping of Pelvic Lymph Node Metastases in Prostate Cancer’, pp. 450-458, Copyright © 2015 European Association of 


Urology, with permission from Elsevier, http://wwwsciencedirect.com/science/journal/03022838 


Pelvic lymph node dissection 


Both NCCN and EAU guidelines? indicate that when RP is per- 
formed in (very-) high-risk patients, it must be combined with an 
ePLND, because LN involvement is common in these patients (up 
to 45%).2° The extent of PLND should be anatomically defined 
instead of counting the number of lymph nodes removed (see 
Fig. 6.9.1). Abdollah et al. promoted to use a cut-off number of 
20 lymph nodes to obtain a 90% probability of correct staging.*® 
However node density is variable between individuals. In the study 
of Joniau et al. a super-extended LND was performed in all patients 
but the number of lymph nodes retrieved ranged from 7 to 49.79 
For these reasons, the definition of adequate PLND in PCa should 
not be based on the number of lymph nodes removed but on the 
anatomical extent of dissection. The LND template should include 
at least bilateral removal of all lymphatic tissue in the obturator 
fossa and along the internal and the external iliac vessels.” The 
reason for this extensive approach resides in the anatomic com- 
plexity of lymphatic drainage of the prostatic gland. All urologists 


Table 6.9.3 Impact of the extent of lymphadenectomy on nodal 
staging and treatment 


Number of patients in 
whom all positive LN 
were removed 


Number of patients that 
were correctly staged 


Obturator fossa only 47% 15% 
Extended LAD 94% 76% 
Extended LAD + 97% 88% 
presacral 

Extended LAD + 97% 97% 


presacral + common 
iliac 


Source: data from European Urology, Volume 63, Issue 3, Steven Joniaua et al, ‘Mapping 
of Pelvic Lymph Node Metastases in Prostate Cancer’, pp. 450-458, Copyright © 2012 
European Association of Urology. 


should be aware that limited PLND to the obturator fossa only is 
the equivalent of no PLND at all since half of patients with posi- 
tive LN are missed (Table 6.9.3).?? Therefore, this, would leave only 
two possible options: ePLND or no PLND.®® Joniau et al. suggested 
including the presacral area in this ePLND template. This landing 
site was invaded by PCa in 9% of the cases (alone or in combination 
with other anatomic sites). Standard ePLND plus dissection of the 
presacral region would correctly stage 97% of patients and would 
remove all nodal metastases in 88% of them. This would improve 
staging without significantly increasing either complication rates 
or surgical time.?? Dissection of the common iliac region did not 
improve the number of correctly staged N+ patients”? and is prob- 
ably a secondary landing site since no patients have been identified 
with positive common iliac nodes but negative lymph nodes in the 
lower pelvic areas.?"°? Therefore, dissection of this area might be 
reserved for patients with more aggressive cancer features. 


Surgery for very high-risk prostate cancer 
(T3b-T4 and N1) 


Very high-risk PCa patients present two specific challenges: a need 
for local control as well as a need to treat any potential micro- 
metastases. The optimal treatment approach usually necessitates 
multiple modalities. A population-based study used data from 
the Surveillance, Epidemiology and End Results (SEER) database 
and showed that clinical staging is highly accurate in predicting 
extraprostatic disease in this population. Only 4.7% and 15.8% 
of cT3b and T4 tumours, respectively, appeared to have organ- 
confined disease on pathology. 

Johnstone et al. also using the SEER database, showed that 
patients who underwent RP for cT4 PCa had a better survival than 
those who received ADT alone or RT alone and had a survival 
comparable with that of patients who received RT plus ADT.*! The 
five-year CSS was 88% and the five-year OS was 73% (Table 6.9.4). 
Joniau et al. reported an excellent 10-year CSS of 91.9% in clinically 
T3b/T4 tumours with 25% of patients remaining free of additional 
therapies.® These results suggest that RP may be a reasonable step 
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Table 6.9.4 Outcome after radical prostatectomy in very high-risk prostate cancer 


Study Timespan N Pathological outcomes (% of pts) OS (% of pts) CSS (% of pts) Adjuvant 
Tx (%) 

pT2 pT3a pT3b pT4 pNi SM+ GS8-10 5y 10y 15y 5y 10y 15y 

cT3b-T4 

Johnstone (2006)®" 995-2001 V2. 28 43 — — — 73 — — 88 — — 3 

Joniau (2012)62 989-2004 Sil 8 29 45 8 22 63 = 88 71 = 92 92 = 65 

Any T and N1 

Schumacher (2008)6 1989-2007 122 24 26 40 0 100 = = 83 52 42 85 60 45 50 

Da Pozzo (2009) 988-2002 250 8 15 61 6 100 62 33 = = = 89 80 = 100 

Engel (2010)® 988-2007 688 wo — —_— 84 64 — 9 86 = >72 

Steuber (2010)® 992-2004 108 5 19 61 6 100 — — 79 69 — 84 76 — >90 

Briganti (201 1 988-2003 364 2 9 83 Z 100 71 34 85 60 = 90 75 = 100 


pts: patients; OS: overall survival; CSS: cancer-specific survival; Tx: treatment; N: number of patients; y: years; SM+: positive section margin. 


in the context of a multimodality treatment approach in selected 
patients with cT3b-T4 PCa, provided that the tumour is not fixed 
to the pelvic wall or invaded into the urethral sphincter. 

Although the incidence of LN metastasis has dramatically 
decreased in the PSA era, LN invasion is still diagnosed in up 
to 45% of patients submitted to extended PLND.?? Historically, 
patients with LN invasion were considered to be affected by a sys- 
temic, non-curable disease and not considered suitable for a surgi- 
cal approach. However, studies detail excellent survival outcomes 
after surgery for pathologically (but not clinically) positive LN, 
with 5-, 10- and 15-year CSS ranging from 84-95%, 51-86% and 
45%, respectively. OS at 5, 10 and 15 years ranged from 79-85%, 
36-69%, and 42%, respectively (Table 6.9.4). 

Two retrospective studies have shown that, if patients show clinical 
evidence of LNI or if positive LNs are found during ePLND, patients 
still benefit from removal of the primary tumour.®. Indeed, ana- 
lysis of data from the Munich cancer registry showed significantly 
higher 5- and 10-year OS rates for the 688 N+ patients in whom RP 
was continued (84% and 64%, respectively), compared with the 250 
N+ patients in whom RP was abandoned (60% and 28%, respect- 
ively). Steuber et al. corroborated these observations in a single- 
centre study showing that 5- and 10-year CSS was significantly 
higher in the 108 N+ patients with completed RP (84% and 76%, 
respectively) than in the 50 N+ patients with aborted RP (81% and 
46%, respectively). Thus, removing the primary tumour in patients 
who are N+ at the time of surgery (i.e. in very high-risk patients), 
can dramatically improve the patient prognosis.°® Furthermore, 
both Schröderć and Messing® have investigated patients with 
surgically discovered nodal disease in EORTC and ECOG trials, 
respectively. Schröder investigated immediate or deferred hormo- 
nal therapy without treatment of the primary tumour. On the other 
hand, in the ECOG/Messing trial, immediate vs. deferred hormonal 
therapy was offered after radical prostatectomy and PLND. In the 
first study, overall five-year survival data were 63% and 69% respect- 
ively, which were worse than the five-year survival data of 90% and 
74% in the Messing trial, respectively. Thus, this indirectly supports 
the concept of primary tumour treatment in high-risk disease. 


The prognosis of node-positive patients is probably related to 
the number of lymph nodes involved supporting either the staging 
and/or therapeutic capabilities of an extended PLND over a lim- 
ited one or none at all in high-risk disease. Schumacher® demon- 
strated that salvage ADT (at disease progression) was necessary in 
36%, 41%, and 69% of patients with 1, 2, and >2 positive lymph 
nodes, respectively. When comparing patients with <2 or >2 posi- 
tive nodes removed, median CSS at 10 years was 78.6% and 33.4%, 
respectively (p <0.001). Briganti et al.”° confirmed these data show- 
ing a CSS at 15-year follow-up of 84% vs. 62%, for <2 or >2 positive 
nodes, respectively (p <0.001); thus, advocating more research to 
investigate a potential curative role of RP + PLND in this selected 
category of limited nodal disease patients. 


Technical aspects/complications 


Surgery for T3-4 patients clearly differs from RP for patients 
with low- or intermediate-risk PCa. It is a radical extirpation, 
including an ePLND, clean apical dissection, neurovascular bun- 
dle resection at the tumour-bearing side, complete resection of 
the SVs and resection of the bladder neck.’! Gontero et al. com- 
pared the results of RP in very high-risk PCa with those having 
localized PCa. There were no significant differences in surgical 
morbidity except for blood transfusion, operative time, and lym- 
phoceles.”* Lerner”? as well as Joniau’* described complication 
rates that equal the results after RP for organ-confined disease. 
Joniau et al.”4 reported rectal injury and injury of the obturator 
nerve both in 0.7% of cases. Lymphatic leakage was noted in 2.2% 
of patients and 1.4% experienced prolonged drainage of urine. 
In 7.2%, wound-related problems occurred. Anastomotic stric- 
ture occurred in 2.9%. At 12 months, complete continence was 
87.8% and erectile function had fully recovered in 6% and 10% of 
patients who underwent a non-nerve-sparing or unilateral nerve- 
sparing procedure, respectively. It is incumbent on the surgeon 
to be ready to perform such surgery which could involve wider 
margins of excision and a resultant more complex reconstruction 
depending on intraoperative findings to obtain the best local con- 
trol of the primary. 
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Table 6.9.5 Characteristics of the randomized controlled trials comparing observation versus adjuvant RT after RP in pT3 or positive SM patients 


Study Study population N(RT/obs) % of pts with tPSA % of pts with Median FU Adjuvant EBRT Primary end 
>0.2 ng/mL prior SM+ (RT/obs) (RT/obs) regimen point 
to randomization 
(RT/obs) 
SWOG 8,794 (Thompson pT3NOMO 214/211 35%/32% 67%*/68%* 12.7 yr/ 60-64 Gy to Metastasis- 
et al. 2006,78) 12.5 yr pelvis fossa free survival 
EORTC 22911 (Bolla et al. | cT0-3pNOMO + > 1 502/503 10.7% 62.2%/63.0% 10.6 yr 50 Gy to prostate BRFS 
2012,2) pathological risk factor and SV + 10 Gy 
at RP (SVI, SM+, ECE) boost 
ARO 96-02/ AUO AP 09/ pT3-4pNOMO + 114/154 0% (pts with 68%/61% 45 yr 60 Gy to BRFS 
95 (Wiegel et al. 2009,°°) postoperative tPSA tPSA 20.1 ng/mL prostate and SV 
<0.1 ng/mL excluded before 


randomization) 


*ECE or SM+. 


ARO: Arbeitsgemeinschaft Radiologische Onkologie; AUO: Arbeitsgemeinschaft Urologische Onkologie; BRFS: biochemical recurrence-free survival; EBRT: external beam radiation therapy; 
ECE: extracapsular extension; EORTC: European Organisation for Research and Treatment of Cancer; ECE: extracapsular extension; FU: follow-up; obs: observation; pts: patients; RP: radical 
prostatectomy; RT: radiotherapy; SM+: positive surgical margins; SV(I): seminal vesicle (invasion); SWOG: Southwest Oncology Group; tPSA: total prostate-specific antigen; yr: year. 


Adjuvant/salvage radiotherapy 


Although some patients with high-risk PCa will benefit from RP 
alone, many patients with high-risk PCa will progress after surgery 
and require additional treatment with RT and/or ADT. The eradica- 
tion of microscopic residual disease within the prostate bed after RP 
in high-risk prostate cancer can potentially be achieved with the use 
of RT by two distinct strategies: in the adjuvant setting shortly after 
surgery, but in the absence of any measurable PSA, or in the salvage 
setting at the time of biochemical recurrence (BCR) or later at clin- 
ical recurrence. The lack of randomized trials comparing adjuvant vs. 
salvage RT has created a longstanding dilemma: which one is best? 
Three randomized controlled trials (RCT) have compared RP fol- 
lowed by immediate RT with RP alone in patients with pT3NO PCa 
or with pT2 tumours and positive surgical margins (SM+) (Table 
6.9.5). A meta-analysis, including these three RCTs, showed that 
adjuvant RT after RP improved OS, CSS, and metastasis-free survival 
only after 10 years compared with RP alone, but not after five years.”° 
Local control and BRFS were improved both at 5 and at 10 years in 
the RP + RT group compared with the RP-alone group. An unpub- 
lished subgroup analysis also indicated that adjuvant RT provided a 
benefit in BRFS regardless of the presence of pathological risk fac- 
tors at RP (SM+, extra capsular extension (ECE) and/or seminal ves- 
icle invasion (SVI)).’¢ In contrast, the benefit in OS was only seen in 
patients with SM+, ECE and/or SVI (data only for SWOG 8794 trial 
after median follow-up of 13.2 years). And even this survival advan- 
tage seems to disappear when correcting for concomitant disease.’” 
Important is the fact that the randomized population differed 
with respect to the postoperative PSA level prior to randomization 
for adjuvant RT between the three trials. In the German ARO 96-02 
trial,8° only men with a PSA <0.1 ng/mL were eligible for randomiza- 
tion, whereas in the EORTC trial”? 11% had a PSA level >0.2 ng/mL 
prior to randomization. In the SWOG trial’® this percentage was 
even higher (34%). This indicates that in the EORTC and SWOG 
trial a substantial number of patients received ‘salvage’ RT for a 
non-normalized PSA rather than adjuvant RT. In a subanalysis 
of the SWOG trial, Swanson et al.®! showed that men in all cat- 
egories of post-RP PSA level (<0.2, 0.2-1.0, >1.0 ng/mL) showed 


improvement of metastasis-free survival. But, a higher pre-radiation 
PSA resulted in a smaller advantage for radiotherapy compared to 
observation. This indicates that, although less effective in this study, 
also salvage RT may be beneficial to improve metastasis-free sur- 
vival. Stephenson et al. created a nomogram and look-up table to 
assess the probability of six-year BPF survival after salvage RT.8? 

Three studies have attempted to compare adjuvant vs. salvage RT 
using a matched-controlled study design. Ost et al. matched 178 
patients.*? In the whole-group comparisons, the five-year BRFS 
of 84% favoured the adjuvant treatment group vs. 68% for salvage 
treatment group (p = 0.04). Subgroup analysis however, showed 
no difference between adjuvant and early salvage RT (eSRT) (PSA 
<0.5 ng/mL) with five-year BRFS of 92% versus 86%, respectively 
(p = 0.67). Trabulsi et al. compared 192 matched patients.*4 Again, 
the results favoured the adjuvant treatment group, with a five-year 
BRES of 75% vs. 66% for salvage treatment group (p = 0.049). In 
this study the median PSA level before RT in the salvage cohort 
was 0.7 ng/mL, with a range of 0.2-2 ng/mL which represents a late 
salvage group. Therefore, Briganti et al.®° published a match-con- 
trolled analysis of adjuvant versus eSRT (PSA pre-radiation <0.5 
ng/mL). In contrast to the previous studies, these authors included 
in the eSRT arm also men without recurrence who therefore did 
not receive any salvage therapy. The proportion of these patients 
who were free from radiotherapy was comparable to what reported 
in the observational arm of the three previously mentioned pro- 
spective randomized studies testing the role of adjuvant RT.”5-77 
The five-year BCR-free survival rates were 78.4% in aRT versus 
81.8% in patients who underwent initial observation and eSRT in 
cases of relapse (p = 0.9). This suggests that timely administration 
of eSRT is comparable to aRT in improving BCR-free survival in 
the majority of pT3pNO PCa patients. Therefore, eSRT may not 
compromise cancer control but significantly reduces overtreatment 
associated with aRT. 

Four ongoing clinical trials which compare adjuvant RT with 
observation and early salvage RT (NCT00667069; Radiotherapy 
and Androgen Deprivation In Combination After Local Surgery 
(RADICALS) (ISRCTN40814031); RAVES (NCT00860652); 
EORTC 30041-22043, accessible at www.clinicaltrials.gov) will 
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hopefully provide us with further answers to the lingering dilemma 
whether observation and early salvage RT is equally as good as 
adjuvant RT. Furthermore, these trials may clarify uncertainties 
related to differences in early and late toxicity between adjuvant 
versus early salvage RT. 

Another relevant question concerns the dose that should be 
applied in the postoperative setting. It is beyond a doubt that in 
the primary setting a higher dose leads to better bRFS®° and might 
reduce the risk of developing metastatic disease.8788 With mod- 
ern technology, higher doses can be safely applied in the post- 
prostatectomy setting®? as well and although not randomized, more 
evidence arises that also in the postoperative salvage setting,?®%?! 
a higher dose is beneficial. This is currently tested in the rand- 
omized SAKK 09/10 trial (accessible at http://sakk.ch/en/sakk- 
provides/our-trials/). 

At present, the EAU guidelines stipulate that patients with 
pT3NO0MO should receive immediate postoperative EBRT to the 
surgical bed, upon recovery of urinary function, to improve OS 
and biochemical and clinical recurrence-free survival (RFS), with 
the highest impact for patients with SM+. It is only in the updated 
version of 2012 that early eSRT when PSA < 0.5 ng/mL is proposed 
as optional.” Similarly, the NCCN guidelines indicate that adju- 
vant/salvage RT after RP should be offered to all men with adverse 
pathological or laboratory features or detectable PSA and no evi- 
dence of disseminated disease. 


Adjuvant/salvage hormone therapy 


There are currently no strong data available to suggest that the use 
of adjuvant ADT after surgery for locally advanced PCa is associ- 
ated with a significant survival benefit. In the Early PCa (EPC) trial 
programme, the administration of oral bicalutamide 150 mg/day 
to surgically-treated patients with locally advanced disease (T3-T4) 
was not associated with an improvement in OS.% Similarly, Wirth 
et al. did not show a significant difference in OS in the ADT arm 
compared with the RP-only arm in 309 men with pT3-4NO PCa 
after a median follow-up of 6.1 years.?’ On the other hand, Dorff 
et al. described the results of the SWOG-S9921 study” with two 
years of adjuvant ADT alone or in combination with mitoxantrone 
chemotherapy after RP for high-risk PCa (GS = 8; preoperative 
PSA 2 15 ng/mL; pT3b, pT4, or pN1 or N1 disease; or GS of 7 with 
either preoperative PSA >10 ng/mL or a positive margin). They 
reported excellent OS of 96% at five years and 88% at eight years 
in the ADT-alone arm. The authors concluded that two years of 
ADT after RP resulted in an extremely low rate of disease recur- 
rence and PCa-related death for high-risk PCa patients in SWOG- 
S9921. These data seem to support the consideration of adjuvant 
ADT in patients with high-risk PCa after RP and perhaps adjuvant 
ADT is best accomplished with LH-RH agonists rather than oral 
non-steroidal antiandrogens. Schubert et al.” performed a retro- 
spective case matched analysis of 172 high-risk PCa patients from 
the EMPaCT database with positive section margins or non-organ- 
confined disease and negative lymph nodes to receive adjuvant ADT 
(group 1, n = 86) or no adjuvant ADT (group 2, n = 86). Estimated 
5-10-year clinical progression-free survival was 96.9% (94.3%) 
for group 1 and 73.7% (67.0%) for group 2, respectively (p <0.01). 
Subgroup analysis showed that patients with T2/T3a tumours are 
at low-risk for metastatic disease and cancer-related death and do 
not need adjuvant ADT while they identified men with T3b mar- 
gin positive disease at highest risk for clinical progression which 


therefore might benefit from immediate adjuvant ADT. This is con- 
cordant with the data of Spahn et al. who identified T3b patients 
with positive surgical margins at the bladder neck at highest risk of 
progression.*° 

Further, early ADT has been reported to provide a survival bene- 
fit in patients with nodal metastases in the Messing trial (ECOG 
3886). In an assessment of 98 patients with nodal metastases who 
had undergone prostatectomy and lymphadenectomy, after a 
median follow-up of 11.9 years, immediate ADT was associated 
with a significant improvement in OS (HR 1.84, 95% CI: 1.01-3.35, 
p = 0.04), CSS (HR 4.09, 95% CI: 1.76-9.49, p = 0.0004) and CPFS 
(HR 3.42, 95% CI: 1.96-5.98, p <0.0001) compared with deferred 
ADT.® Nevertheless, this was a small study including patients 
before the PSA era with large cancer volumes, high proportion of 
seminal vesicle invasion, positive margins, and bulky nodal dis- 
ease and were therefore at very high risk of recurrence, regardless 
of their LN status.°° Patients were either given immediate adju- 
vant ADT or late ADT at the appearance of symptoms. Nowadays, 
patients usually present with lower stage/lower volume disease and 
mostly present with low-burden nodal disease. Furthermore, PSA 
is an extremely useful parameter during follow-up, allowing early 
salvage RT/ADT. Thus, it is unclear whether the conclusions drawn 
from this study are still valid at present. Notably, two retrospective 
studies in N+ patients failed to show a survival benefit with adju- 
vant ADT after RP.97°8 Nevertheless, adjuvant ADT is still indi- 
cated in the EAU and NCCN guidelines for N+ patients after RP.23 

The potential benefit of neoadjuvant ADT before RP in patients 
with high-risk non-metastatic PCa has been investigated in two 
systematic reviews.°?!09 These studies concluded that neoad- 
juvant ADT before RP reduces positive SM+ rates, organ con- 
finement, and LNI, but does not significantly improve OS or 
CSS. Accordingly, neoadjuvant ADT before RP is not recom- 
mended in the EAU guidelines nor in the NCCN guidelines.?7 
However, three abstracts have investigated whether more exten- 
sive androgen suppression prior to RP could improve patho- 
logical and biochemical outcomes in patients with high-risk 
localized PCa.!0!-103 For that purpose, standard ADT—using 
luteinizing hormone-releasing hormone agonists, which inhibit 
androgen production by the testes—was combined with other 
agents targeting the androgen signalling pathway! like the 5a- 
reductase inhibitor dutasteride, the CYP17 inhibitors ketocona- 
zole or abiraterone acetate and the androgen receptor inhibitor 
(antiandrogen) bicalutamide. All three studies demonstrated 
that neoadjuvant total androgen suppression can improve patho- 
logical and biochemical outcomes compared with standard ADT. 
However, the impact of this new neoadjuvant approach on sur- 
vival remains to be investigated. 


Adjuvant/salvage combination radiotherapy 
and hormone therapy 


In a retrospective study done by Briganti et al., 117 pT2-4pN1 
patients treated with adjuvant ADT + RT (whole pelvis) were 
compared with 247 pT2-4pN1 patients treated with adjuvant 
ADT alone.!° Patients in the RT + ADT group had significantly 
higher CSS and OS rates compared with patients in the ADT- 
alone group at 5, 8, and 10 years after RP, regardless of the extent 
of LNI. These results indicate that a multimodal approach might 
be optimal for node-positive patients after RP. But also in node- 
negative patients, the addition of ADT to high-dose radiotherapy 


in the adjuvant setting significantly improved bRFS and cRFS 
with a hazard ratio of 0.2.10¢ 

Regarding the node-negative group, several RCTs have been ini- 
tiated to explore the potential benefits of combining adjuvant RT 
and ADT in patients with adverse pathological features after RP. 
These include the UK Medical Research Council RADICALS trial, 
the EORTC 30041-22043 trial, and the radiation therapy oncology 
group (RTOG) 96-01 trial (accessible at www.clinicaltrials.gov). 
Preliminary data from the RTOG 96-01 trial after a median follow- 
up of 7.1 years suggested that addition of two years of antiandrogens 
(bicalutamide) to RT can reduce the incidence of PSA progression 
and metastasis in patients with SM+, ECE and/or SVI and elevated 
PSA after RP.°? The RTOG 96-01 trial is the first trial showing an 
overall survival benefit in favour of the combined treatment arm. 
Final data from the other trials are awaited to confirm this result. 107 

Thus, it is clear that several treatment options (RP, RT, ADT, CT) 
might be combined in (very) high-risk patients, either sequentially 
or simultaneously. The EAU guidelines emphasize that manage- 
ment decisions for patients with (very) high-risk PCa should be 
made after all treatments have been discussed by a multidiscip- 
linary team (including urologists, radiation oncologists, medical 
oncologists, and radiologists). It is also of paramount importance 
to inform the patient about the likelihood of such a multimodality 
approach. In addition, the balance of the benefits and side effects 
of each treatment modality should been considered by the patients 
with regard to their own individual circumstances.” 


Radiotherapy for high-risk prostate cancer 


External beam radiation therapy 


As monotherapy, external beam radiation therapy (EBRT) has only 
a modest success rate in patients with high-risk localized PCa. 
Indeed, in the EBRT alone arm of the RTOG 86-10! and RTOG 
85-31 trials! only 10 and 21% of patients were free from biochem- 
ical recurrence five years after RT (44-46 Gy to the pelvic lymph 
nodes and 65-70 Gy to the prostatic bed), respectively. Therefore, 
EBRT as monotherapy should not be considered as a valid treat- 
ment option in HRPC. 


High-dose, hypofractionated radiotherapy 


To reduce the risk of biochemical failure, i.e. to achieve sufficient 
local control, dose escalation is essential, as shown in a meta-ana- 
lysis by Viani et al.!!° Therefore, 74 Gy is currently recommended 
as a minimum dose (in combination with ADT) in the EAU guide- 
lines.? Nowadays, several RT techniques are available that can 
deliver high radiation doses to the prostate without increasing the 
risk of morbidity, including intensity-modulated RT (IMRT) with 
or without image-guided RT (IGRT), stereotactic body RT, dose- 
escalated three-dimensional conformal RT (3D-CRT) and EBRT 
combined with low-dose-rate brachytherapy (LDR-BT; radioactive 
seed implantation) or high-dose-rate brachytherapy (HDR-BT). 
However, good quality data comparing these methods are scarce. 
In a systematic review of 182 publications,!!! EBRT combined with 
HDR-BT was associated with superior biochemical control and 
overall survival compared with EBRT alone (275 Gy). Although 
these results should be interpreted with caution—as the different 
treatment cohorts were not balanced for baseline variables, patients 
were not stratified according to their progression risk, and the defin- 
ition of biochemical control differed among studies—the conclusion 
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of this systematic review was confirmed in a RCT in 218 patients 
with localized PCa, with >50% of them being high-risk patients.!!? 
After a median follow-up of 7.1 years, EBRT (35.75 Gy in 13 frac- 
tions) followed by a HDR-BT boost (2 x 8.5 Gy in 24 h) resulted in 
a significant improvement in biochemical/clinical RFS and a 31% 
reduction in the risk of recurrence (p = 0.01) compared with EBRT 
alone (55 Gy in 20 daily fractions). However, there were no signifi- 
cant differences in OS, and the incidence of severe late urinary and 
rectal toxicity was similar between both treatment groups. Another 
RCT in 168 high-risk patients showed that hypofractionation (62 
Gy in 20 fractions in five weeks (equivalent to a delivered dose of 
75 Gy)) might improve biochemical RFS (BREFS) after three years 
compared with conventional fractionation (80 Gy in 40 fractions in 
eight weeks) 3D-CRT,!!3 without increase in late toxicity. Together, 
these data indicate that high radiation doses to the prostate are key 
to achieve local control. However, more RCTs comparing the differ- 
ent techniques, doses, and dose fractionation schedules are urgently 
awaited before definite conclusions can be drawn. 


Radiotherapy and (neo)adjuvant androgen 
deprivation therapy 


As monotherapy with conventional-dose EBRT only yielded 
modest success rates in patients with high-risk PCa, it was inves- 
tigated in many trials whether addition of neoadjuvant, concomi- 
tant and/or adjuvant ADT could increase efficacy. Indeed, as PCa 
is a hormone-dependent tumour, ADT was hypothesized (i) to 
reduce the tumour size before RT, enabling optimal targeting of 
the prostate while avoiding morbidity to the surrounding tissues; 
(ii) to induce apoptosis and to enhance radiosensitivity; and (iii) to 
reduce the risk of distant metastases by eliminating micrometasta- 
ses that persist within the prostate after primary RT.1!4 

The trials evaluating the potential benefit of adding ADT to RT in 
patients with high-risk non-metastatic PCa have been summarized 
in several systematic reviews and meta-analyses.!!4-'8 All of them 
concluded that addition of ADT to RT significantly improves OS 
and prostate CSS compared with RT alone. The results of the meta- 
analysis done by Bria et al.,!!5 including seven trials and 4,387 
patients (Table 6.9.5), confirm this. 

Compared with RT alone, addition of neoadjuvant, concomi- 
tant and/or adjuvant ADT to RT decreased the risk of PCa-specific 
mortality (-24%), all-cause mortality (-14%), biochemical failure 
(-24%), clinical progression (-19%), local relapse (-36%), and 
distant metastases (-28%). Pooling of toxicity data did not show 
any significant differences in overall genitourinary or gastrointes- 
tinal toxicity, nor in cardiac deaths between both treatment arms. 
In contrast, some trials suggested that the toxicity associated with 
ADT might become more obvious—and even affect survival—in 
patients with co-morbidities such as cardiovascular disease.1!9-1?° 

With regard to the optimal duration of adjuvant ADT in patients 
with high-risk PCa, two major trials demonstrated that long-term 
adjuvant ADT to RT significantly improves survival compared with 
short-term ADT. The EORTC 22961 non-inferiority trial reported 
five-year overall mortality rates of 19.0% in 483 men receiving adju- 
vant ADT for six months vs. 15.2% in 487 men receiving adjuvant 
ADT for three years.!2! Similarly, the RTOG 92-02 trial reported 
an improved 10-year OS and CSS in 166 patients with Gleason 
sum 8-10 receiving long-term (24 months) ADT + RT com- 
pared with 171 men receiving short-term (four months) ADT + 
RT.12? Consequently, long-term ADT prior to and during EBRT is 
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Table 6.9.6 Overview of RCTs with neoadjuvant, concomitant or adjuvant ADT to RT, included in the meta-analysis done by Bria et al.'0” 


Studies included in meta-analysis Study population 


# randomized pts 


Treatment Median follow-up 


Neoadjuvant and concomitant ADT to RT 


TTROG 96-01 (Denham et al. T2b-4 NO MO 818 RT alone (66 Gy to prostate and SV)vs 5.9 yr 
2005,'25; Denham et al. 2012,'2°) RT + 2-mo neoadjuvant ADT + 1-mo 
concomitant ADT 
vs RT + 5-mo neoadjuvant ADT + 1-mo 
concomitant ADT 
RTOG 86-10 (Pilepich et al. 2002,08; 12-T4 NO-x MO 456 RT alone (44-46 Gy to WP + 21-24 12.6 yr 
Roach et al. 2008, 2”) Gy boost to prostate) vs RT + 2-mo 
neoadjuvant ADT + 2-mo concomitant ADT 
Concomitant and long-term adjuvant ADT to RT 
EORTC 22861 (Bolla et al. 2002,18) T1-T2 grade 3 MO or T3-14 415 RT alone (50 Gy to WP; 20 Gy boost to 9.1 yr 
EORTC 22863" No-1 MO prostate and SV) vs RT + 3-yr concomitant and 
adjuvant ADT 
Long-term adjuvant ADT to RT 
RTOG (Bolla et al. 2008,'; Pilepich cT1-T2 N1 MO or cT3-4 NO-1 977 RT alone (44-46 Gy to WP + 21-24 Gy boost 7.6 yr 
et al. 2005, '30) MO or pT3 after RP to prostate) vs RT + adjuvant ADT until 
progression 
EPCP (See et al. 2006,'3") T1-4 Nx-1 MO 1370 RT alone (64 Gy)vs RT + adjuvant ADT 7.2 yr 
(median 1.8 yr) 
Neoadjuvant, concomitant, and adjuvant HT to RT 
L-101 (Laverdiére et al. 2004,'32) cT2-T3 161 RT alone (64 Gy) vs RT + 3-mo neoadjuvant 5yr 


ADT vs RT + 10-mo neoadjuvant, concomitant, 
and adjuvant ADT 


(D'Amico et al. 2008,'2°) cT1b-T2b NO MO and PSA > 206 
10 ng/mL, Gleason sum 7-10, 
or radiographic evidence of 


extraprostatic disease 


RT alone (3D-CRT) vs RT + 6-mo neoadjuvant, 
concomitant, and adjuvant ADT 


7.6 yr 


3D-CRT: 3-dimensional conformal radiation therapy; ADT: androgen-deprivation therapy; EORTC: European Organisation for Research and Treatment of Cancer; EPC: Early Prostate Cancer 
Programme; HT: hormone therapy; mo: month(s); PSA: prostate-specific antigen; RP: radical prostatectomy; RT: radiotherapy; RTOG: Radiation Therapy Oncology Group; SV: seminal 


vesicles; TTROG: Trans-Tasman Radiation Oncology Group; WP: whole pelvis; yr: year. 


Reprinted from International Journal of Radiation Oncology*Biology*Physics, Volume 78, Issue 3, Supplement 1, W.U. Shipley, D. et al, ‘Initial Report of RTOG 9601: A Phase III Trial in Prostate 
Cancer: Anti-androgen Therapy (AAT) with Bicalutamide during and after Radiation Therapy (RT) Improves Freedom from Progression and Reduces the Incidence of Metastatic Disease 
in Patients following Radical Prostatectomy (RP) with pT2-3, NO Disease, and Elevated PSA Levels, p. S27, Copyright © 2010, with permission from Elsevier, http://wwwsciencedirect.com/ 


science/journal/03603016 


recommended both in the EAU guidelines (three years) and in the 
NCCN guidelines (two to three years). 

However, it should be noted that in the majority of trials compar- 
ing ADT + RT with RT alone, the radiation doses were suboptimal 
(usually whole pelvic fields to 50 Gy, with a subsequent boost to 
the prostate; total dose <70 Gy) (Table 6.9.6). Hence, it might be 
possible that ADT was mainly required to compensate for the inad- 
equate radiation doses that were used at that time.1?3124 As such, 
new RCTs are needed to reinvestigate the value of adding ADT 
to RT in contemporary RT settings (IMRT/IGRT, dose-escalated 
3D-CRT, HDR-BT, and so on), using adequate doses for patients 
with high-risk PCa. 


Whole-pelvic versus prostate-only 

(+ seminal vesicles) radiotherapy 

In addition, it should be reinvestigated whether radiation to the 
whole pelvis is required in patients at high-risk of LN invasion or 
whether it can be restricted to the prostate and SVs. Indeed, the 


results of the RTOG 94-13133134 and the GETUG-1 trials!*> have 
evoked quite some debate,!36137 both on the need for pelvic LN 
irradiation and on the selection of patients who would benefit from 
it. The Roach formula ([2/3 x PSA] + [Gleason score - 6] x 10) 
was shown to be still an accurate tool for predicting nodal involve- 
ment in contemporary PCa patients,!?8 however the authors 
provoked a cut-off for pelvic irradiation of 6% instead of the con- 
ventional 15%. Hence, the formula is used for patient selection 
in the ongoing RTOG 09-24 trial, which compares whole-pelvic 
RT with RT to the prostate and SVs only—both in combination 
with neoadjuvant ADT and with a RT boost to the prostate and 
the SVs—in patients with unfavourable intermediate-risk and 
favourable high-risk PCa (www.clinicaltrials.com). IMRT will 
be used as radiation technique, as it appeared to be better than 
3D-CRT for targeting the pelvic LNs while minimizing damage to 
other pelvic organs such as the rectum and the bladder.!*? Hopefully, 
the results of this ongoing trial, which is expected to be completed by 
the end of 2019, will answer the remaining questions. 


Radiotherapy versus surgery 


Unfortunately, there are no contemporary RCTs comparing RP 
with RT for patients with high-risk non-metastatic PCa.!4° To date, 
only data from observational studies are available. 

A large retrospective study from the Memorial Sloan-Kettering 
Cancer Centre (MSKCC) compared metastasis-free survival rate in 
cT1-3 patients treated either with IMRT (281 Gy) or with RP + 
ePLND (done by experienced high-volume surgeons) between 1993 
and 2002.!4! After adjustment for case mix, surgery was associated 
with a reduced risk of metastasis compared with RT. However, it 
should be noted that in the RT group, pelvic LNs were not irradiated. 
Moreover, high-risk patients did not receive long-term adjuvant 
ADT, although this has been shown to improve survival compared 
with RT alone (see above). In addition, salvage therapy was offered 
more quickly after recurrence to patients treated with primary RP 
(within a median time of 13 months) than to patients treated with 
primary RT (within a median time of 69 months). Therefore, it is 
likely that the RT results would not have been significantly differ- 
ent from the RP outcomes, if pelvic LNs had been irradiated and 
if long-term adjuvant ADT and/or (salvage) brachytherapy boosts 
had been given.!*° Similar data were obtained from the CaPSURE 
registry, including 7,538 men with localized PCa treated between 
1987 and 2007. These results indicated that, compared with RP, and 
after adjusting for age, disease risk, and co-morbidity, the risk of 
dying of PCa was about twofold greater (HR = 2.21; 95% CI: 1.50- 
3.24) in patients who received EBRT, and about threefold greater 
(HR = 3.22; 95% CI: 2.16-4.81) in patients who received primary 
ADT monotherapy.!? Interestingly, differences between treatment 
modalities were the largest in the high-risk group. However, this 
study had similar limitations as the above-mentioned study from 
the MSKCC: CaPSURE did not include consistent data on radiation 
dose and technique, only about two-thirds of the high-risk patients 
receiving EBRT also received neoadjuvant and/or adjuvant ADT, 
and there were insufficient events to control adequately for type and 
timing of salvage therapies. 

Several retrospective studies focused specifically on high- 
risk patients. Arcangeli et al. compared 122 high-risk patients 
who underwent RP with 162 high-risk patients who underwent 
EBRT (80 Gy) + ADT (nine months) between 2003 and 2007.143 
Patients with adverse pathological features at RP underwent adju- 
vant EBRT (66 Gy) + adjuvant ADT. Both groups were balanced 
for clinical stage, biopsy Gleason sum, and initial PSA. After 
three years, biochemical failure was significantly more likely in 
the RP group (30.2%) than in the EBRT + ADT group (13.2%) 
(p = 0.001). In contrast, in a competing-risks survival analysis 
in 132,706 high-risk patients with clinically localized PCa from 
17 SEER registries (1988-2006), RP was associated with a lower 
CSM than RT in patients aged <69 years, but with a higher CSM 
in patients >70 years old.!44 Again, in this study, data on adju- 
vant or salvage ADT, and on RT doses and techniques were lack- 
ing. Boorjian et al. analysed data from high-risk patients treated 
between 1988 and 2004.!45 He did not find any significant differ- 
ences in CSM between the RP group (N = 1,238) and the EBRT 
+ ADT group (N = 344) (median RT dose: 72 Gy, including pel- 
vic LNs; median duration of adjuvant ADT: 22.8 months) after 
adjustment for case mix. However, the risk of all-cause mor- 
tality was greater after EBRT + ADT than after RP. Thus, in the 
quest for the optimal treatment modality, impact of treatment on 
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non-cancer-related mortality and on QoL should be considered 
as well. This was also emphasized in a decision analysis model, 
indicating that the choice of the optimal treatment modality for 
high-risk PCa patients is very sensitive to small increases in the 
risk of all-cause mortality. 146 

Although the data from these observational studies might give 
us some guidance, they should be interpreted with caution.'40144 
As indicated above, data on radiation dose and technique, and on 
adjuvant and salvage therapies were often lacking or inconsistent. 
Moreover, these studies were unable to account for the evolution 
in RP and RT techniques during the relatively long treatment peri- 
ods, and for possible confounders such as PSA. Finally, and most 
importantly, these retrospective series suffered from selection bias 
due to a lack of randomization among treatment groups. This was 
clearly demonstrated by Giordano et al., showing that patients who 
underwent RP for PCa actually had better survival outcomes than a 
control population of patients without cancer.!47 Therefore, we can 
conclude that, as long as there are no data from RCTs showing a 
clear benefit of one treatment option over another, no single treat- 
ment can be universally recommended. Very often, a multimodal- 
ity approach is warranted to optimize patient outcomes,!° and this 
treatment should be tailored to the patient’s individual situation 
and preferences. 


ADT for high-risk PCa 


Ever since Huggins and Hodges demonstrated >70 years ago that 
PCa is an androgen-dependent cancer.!48:!49 ADT has become the 
mainstay for (symptomatic) metastatic PCa management. It is used 
to palliate symptoms, delay progression and prevent potentially 
catastrophic complications (e.g. spinal cord compression, patho- 
logical fractures, ureteral obstruction). More ADT has also been 
increasingly used in patients with non-metastatic disease and in 
patients with PSA relapse after RP or RT, either as monotherapy, or 
as part of a multimodality approach. 

The benefit of treating patients with high-risk prostate cancer 
locally over primary endocrine treatment is very clear for surgery 
(CSM in reference 11 versus 42) as well as for radiotherapy.!>° 
However, according to a French non-interventional study, 16.6% of 
all PCa patients had a contraindication to local therapy and there- 
fore received ADT in a localized disease stage.!>! There is currently 
no conclusive evidence that ADT as monotherapy prolongs sur- 
vival.? Indeed, a large population-based cohort study indicated 
that immediate primary ADT did not increase OS compared with 
conservative management (no RP, RT or ADT), not even in elderly 
men with poorly differentiated (ie. high-grade) localized PCa.1°? 
Similarly, the Early Prostate Cancer Programme (EPCP)—com- 
prising of three RCTs comparing ADT (150 mg bicalutamide once 
daily) with watchful waiting—showed a trend towards decreased 
OS in the ADT group in men with localized (T1-2N0-x) disease. 
However, in men with locally advanced/high-risk (T3-4, any N; any 
T, N+) PCa, ADT tended to improve OS.!°? Thus, it is clear that, if 
there is a survival benefit of primary ADT in patients with high-risk 
PCa, it is only modest. Moreover, it should be outweighed against 
the side effects of prolonged (or even lifelong) ADT, such as car- 
diovascular morbidity, peripheral artery disease, venous thrombo- 
embolism, metabolic syndrome, osteoporosis, fatigue, erectile 
dysfunction, and so on.®!54155 Probably initiation of ADT as mono- 
therapy is best guided by baseline PSA and/or PSA doubling time 
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(PSA-DT). Indeed, a subanalysis of the EORTC 30891 trial showed 
that patients with a baseline PSA >50 ng/mL and/or PSA-DT <12 
months had an increased risk of dying from PCa.!°° Therefore, 
these patients might benefit from immediate ADT. 


Chemotherapy and future perspectives 


It is likely that some patients with high-risk localized PCa have 
occult micrometastases at diagnosis, which would explain that they 
are unlikely to be cured by local therapy alone. In analogy with 
other types of carcinoma (e.g. breast, colon, lung), neoadjuvant or 
adjuvant chemotherapy are being explored in phase 2 and 3 tri- 
als with the hope to help improve the curative rate of definitive 
therapies. 

It is currently investigated whether addition of chemotherapy to 
ADT after RP might improve outcomes in patients with high-risk 
non-metastatic PCa. Unfortunately, the SWOG 99-21 trial compar- 
ing two years of ADT alone with ADT plus six cycles of mitox- 
antrone and prednisone in 983 men with high-risk features at RP 
was halted prematurely due to three cases of acute myelogenous 
leukaemia in the chemotherapy arm.!97 Other trials exploring the 
potential benefit of (neo)adjuvant chemotherapy in patients with 
high-risk non-metastatic PCa—either in combination with RT, RP 
and/or ADT—are ongoing.!°° 
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CHAPTER 6.10 


Technology and prostatectomy 


Giacomo Novara, Alexander Mottrie, 
Filiberto Zattoni, and Vincenzo Ficarra 


Introduction to technology 
and prostatectomy 


Radical prostatectomy (RP) is the gold standard surgical treatment 
for patients with clinically localized prostate cancer (PCa) and life 
expectancy more than 10 years.! RP allows excellent local control 
of PCa and confers cancer-specific survival benefit over watchful 
waiting. Moreover, long-term oncological data after RP showed 
25-year biochemical recurrence (BCR)-free survival and cancer- 
specific survival as high as and 55% and 80%, respectively.” 

In the last decades, the desire to reduce the invasiveness of open 
retropubic RP (RRP) produced an increasing interest towards lap- 
aroscopic techniques. The shift from open to laparoscopic surgery 
represents a completely new experience for the surgeon, who must 
learn a new surgical anatomy, new operative procedures, and deal 
with new surgical tools. More specifically, the reduction of the 
range of motion (only 4 degrees of freedom (df)), two-dimensional 
vision (two-dimensional camera and display), the impaired eye- 
hand coordination (disorientation between real and visible move- 
ments), and the reduced haptic sense (minimal tactile feedback) are 
the main restrictions associated with a steep learning curve.? For 
surgeons with no experience with laparoscopy, the learning period 
could amount to hundreds of cases, extending over several years, 
which limited the application of laparoscopy to complex procedures 
such RP. 

Robotic platforms have been introduced in an attempt to reduce 
the difficulty in performing complex laparoscopic procedures, par- 
ticularly for non-laparoscopic surgeons. The first system, with a 
surgeons console and remotely controlled telemanipulators, was 
developed with funding from the US Department of Defense in 
1991 and came to be called the Stanford Research Institute Green 
Telepresence Surgery System after Phil Green, PhD.? That early sys- 
tem had only 4 df, similar to standard laparoscopic instruments. 
In 1995, Fredrick Moll licensed the commercial rights to the SRI 
Green Telepresence Surgery System and used this acquisition to 
found Intuitive Surgical Systems. After further development, a 
renovated master-slave clinical system was released in April 1997 
in prototype form as the da Vinci surgical system, which received 
US Food and Drug Administration approval in July 2000. The da 
Vinci robot includes a true three-dimensional imaging system that 
provides magnification up to x12. This system also incorporates the 
patented EndoWrist technology, which duplicates the dexterity of 
the surgeon's forearm and wrist at the operative site, thus providing 
7 df. Although the acceptance of traditional laparoscopic radical 
prostatectomy (LRP) was limited primarily by the steep learning 


curve of the procedure, robotic-assisted laparoscopic radical prosta- 
tectomy (RARP) had a rapid and wide diffusion in the world. Today, 
in the United States, more than 75% of the radical prostatectomy are 
performed using Intuitive Surgical’s da Vinci platform and the pro- 
cedure is largely adopted in several countries in the Western world. 


Surgical technique 


According to Pasadena recommendations, RARP has the same indi- 
cations accepted for RRP and LRP procedures. Specifically, patients 
with low- and intermediate-risk localized prostate cancer and a life 
expectancy >10 yr are the best candidates for RARP.* Moreover, the 
procedure can be performed in patients with stage Tla disease and 
alife expectancy >15 yr or Gleason score 7; in selected patients with 
low volume high-risk localized PCa and in highly selected patients 
with very high-risk localized PCa (cT3b-T4 NO or any T N1) 
in the context of multimodal treatment. According to the most 
important international guidelines, in patients with high or very 
high-risk disease the procedure must be anticipated from extended 
pelvic lymphadenectomy. This last category of patients together 
with those who are obese (BMI >30), with large prostate (prostate 
volume >70 gr), median lobe or receiving previous transurethral 
resection of prostate (TURP) or other procedure for benign pros- 
tatic hyperplasia (BPH) should be avoided in the learning curve 
step and reserved only for experienced surgeons. Similarly, patients 
requiring salvage RARP after radiation failure should be treated by 
very experienced surgeons. 

The majority of robotic surgeons perform RARP using a trans- 
peritoneal, antegrade (from bladder neck to the apex) approach. 
The patient is placed in supine position with the legs in a semi- 
lithotomy position with compression stockings and sequential 
compression device for deep vein thrombosis prophylaxis, using 
well-padded Allen stirrups. The preferred primary access for pneu- 
moperitoneum is represented by the Hasson technique, and only 
few surgeons still use the Verres needle. Usually, a longitudinal 
camera port incision is performed. However, Beck et al. proposed 
to use a transverse camera port incision to reduce the risk of cam- 
era port site hernia due to specimen extraction, particularly in 
obese patients and/or patients with large prostates.° After the inser- 
tion of the primary port, the abdomen is insufflated to a pressure 
of 15 mmHg. Then, the remaining ports are placed under direct 
camera supervision. Figure 6.10.1 shows the most used trocars 
placement. The definitive degree of Trendelenburg inclination is 
not standardized, and a wide range (between 10 and 40 degrees) 
is reported in the literature. The minimum possible degree of 


Fig. 6.10.1 Two 8 mm instrument trocars are placed approximately 7-10 cm 
(one hand breadth) lateral of the umbilicus in the direction of the anterior 
superior iliac spine. A third 8 mm robotic port (for the fourth arm) is placed 
7-10 cm lateral to the left robotic port 2 cm above and anteriorly to the anterior 
superior iliac spine. Finally, a 5 mm assistant port is placed lateral to the camera 
port and superior to the right robotic port. A second 12 mm assistant port is 
placed 7-10 cm directly lateral to the right robotic port. 


Trendelenburg inclination should be performed to minimize the 
potential anesthesiology issues and to reduce the traction during 
the urethrovesical anastomosis step. 

After complete mobilization of the bladder, the periprostatic fat 
is removed from the endopelvic fascia and from the prostate. The 
majority of surgeons prefer opening the endopelvic fascia to gain 
access to the lateral surface of the prostate gland. Different tech- 
niques were described to show a clear outline of the prostatovesical 
junction. Then, the bladder neck is incised in the midline and deep- 
ened until the anterior muscular layer of the Denonvilliers’ fascia is 
encountered. The majority of robotic surgeons perform a bladder 
neck preservation to increase the continence rate and to improve 
the quality of the urethrovesical anastomosis. 

A transverse incision is made on anterior Denonvilliers’ fascia 
close to the prostate. Most of the robotic surgeons suggest an ather- 
mal dissection or a minimal use of cautery in the area of the seminal 
vesicles, in order to avoid injury to cavernous nerves. Vas deferens 
are divided and the seminal vesicles are completely dissected using 
a sharp dissection. Some surgeons spare the seminal vesicle tip in 
low-risk patients in order to minimize the injury at level of cavern- 
ous nerves. Moreover, in low-risk patients where nerve preserva- 
tion is feasible, the posterior layer of Denonvilliers fascia can be left 
on the rectum while in high-risk patients it should be included with 
the specimen. The Denonvillier’s fascia incision is made few mil- 
limetres below the base of the prostate. Once incised, the perirectal 
fat is visible covering the fascia propria of rectum and the incision 
is continued on Denonvillier’s fascia laterally along the entire width 
of prostate. The rectum can be separated from the prostate using 
scissors, under direct vision. The plane between rectum and pros- 
tate is defined by blunt and sharp dissection, continuing distally. 
The fascial space is dissected down all the way to the apex and lat- 
erally over the neurovascular bundles. 

Anatomical studies showed multiple compartments, which 
could be developed from the levator fascia to the prostate capsule 
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by entering different fascial planes during surgery. According to 
the wide variability and subjectivity among surgeons regarding 
these facets of the procedure, Pasadena Panel suggested using the 
newer concept of nerve-sparing procedures instead of old inter- 
fascial or intrafascial definitions. In detail, the first consensus con- 
ference on best practices in RARP proposed the following new 
definitions: (i) maximum preservation of cavernous nerves (full 
nerve-sparing), which is obtained by following the plane between 
the prostatic capsule and the multilayer tissue of the prostatic fas- 
cia; (ii) the less extended nerve-sparing technique (partial nerve- 
sparing) within the multilayer tissue of prostatic fascia; and (iii) the 
minimal nerve-sparing procedure preserving only the fibres run- 
ning posterolaterally. 

After the antegrade release of the lateral cavernous nerves, the 
prostatic vascular pedicles are dissected so that large Hem-o-lock 
clips can be placed to secure them. The cavernous nerves can be 
damaged by direct mechanical trauma, traction, or thermal energy. 
Most of robotic surgeons support the cautery-free dissection to 
avoid thermal injury of cavernous nerves. In high-risk patients, 
after ligation and division of prostatic pedicles, the prostatec- 
tomy is continued anteriorly with an extrafascial technique, with 
resection of the prostatic fascia and of the neurovascular bundles 
up to the apex. Then the puboprostatic ligaments and the dorsal 
vein complex are dissected to isolate the prostatic apex. Different 
surgical techniques can be used to realize this step of the proced- 
ure. The anterior urethral wall is opened just below the apical limit, 
exposing the Foley catheter. The posterior wall and the underlying 
rectourethralis muscle are then divided close to the prostate. The 
division of the rectourethralis muscle completely frees the speci- 
men, which is placed in an Endobag sac. 

During the reconstructive steps of the procedure, some robotic 
surgeons perform posterior muscolo-fascial plate reconstruction 
with the aim of shortening the time to the recovery of urinary 
continence recovery and to reduce the risk of bleeding and anas- 
tomosis leakage. Several techniques were proposed to perform this 
step of the procedure and no comparative studies showed what is 
the best one. Recent systematic reviews showed only a minimal 
advantage in favour of posterior musculofascial reconstruction in 
terms of urinary continence recovery within 1 month of RP. The 
urethrovesical anastomosis is the last step of the procedure. Most 
robotic surgeons prefer to use running sutures. Therefore, the use 
of interrupted stitches representing the gold standard in the era of 
open surgery has been abandoned. An 18 Ch catheter is placed into 
the bladder and usually removed after four to six days. 


Perioperative outcomes 
and complication rates 


RARP can be performed routinely in a reasonably short opera- 
tive time, with low risk of blood loss and low transfusion rates. 
Specifically, a systematic review of the literature demonstrated 
overall mean operative time was 152 min (range: 90-291 min), 
mean blood loss of 166 ml (range: 69-534 mL), mean transfusion 
rate as low as 2% (range: 0.5-5%), mean catheterization time of 
6.3 d (range: 5-8.6 d), and mean in-hospital stay as low as 1.9 d 
(range: 1-6 d)° (Table 6.10.1). Some patient characteristics such as 
high BMI, large prostate volume, prior abdominal surgery, prior 
BPH surgery, or presence of median lobe may make the surgi- 
cal procedure more difficult, possibly increasing operative time, 
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Table 6.10.1 Perioperative outcomes in a roboticassisted laparoscopic radical prostatectomy (RARP) series of studies 


Author Institution Cases Study design Median/Mean Median/Mean Transfusion Catheterization- _In-hospital 
operative blood loss (ml) rate (%) duration (days) stay (days) 
time (min.) 


Patel (2008) Global robotic 1,500 Prospective 105 (55-300) 111 (50-500) 0.4% 6.3 (4-28) 1 
institute, Celebration, case series 
FL, US 

Tewari (2008)8 Weill Cornell Medical 215 Prospective 120-240 150 + 195 3% 7 (4-14) — 
College, NY, US case series 

Carlucci (2009)? Mount Sinai Medical 700 Prospective 124 (48-266) 69 (5—400) 0 7 (4-30) 1 
Center, NY, US case series 

Greco (2009)'° Northwesterm Univ, 180 Prospective 291 359 — — 18 
Chicago, IL, US case series 

Jaffe (2009)"! Montsuris, Paris, 293 Prospective 158 +51 534+ 416 8.6 3.5 526 
France case series 

Martin (2009)'2 Mayo Clinic Arizona, 509 Retrospective 190 + 50 1554212 1.2% — — 
Phoenix, AZ, US case series 

Murphy (2009)'? Melbourne, Australia 400 Prospective 186 + 49 = 2.5% a ge 3 3.1414 

case series 

Coelho (2010)'4 Global robotic 2,500 Prospective 90 (75-100) 100 (100-150) 0.5% 5 (4-6) 1 
institute, Celebration, case series 
FL, US 

Davis (2010)'5 University of Texas 178 Prospective 246 (126-378) 200 (35-850) 0.5% — 1.8 
MD Anderson Cancer case series 
Center, Houston, TX, 
US 

Jeong (2010)'6 Robert Wood Johnson 200 Retrospective 212 (110-540) 189 (50-800) 0 AE 
Medical School, NJ, US case series 

Lasser (2010)'7 Warren Alpert Medical 239 Prospective 231.9 (125-537) — 4% — 2.37 (1-23) 
School at Brown case series 
University, Providence, 
RI, US 

Lee (2010)'8 Yonsei University 307 Unclear 210 + 46 337 + 287 2% 11444 5.143 


College of Medicine, 
Seoul, South Korea 


ovara (2010)'? Univ. of Padua, Italy 415 Prospective 184 + 56 300 (150-400) 5% 5 (4-7) 6 (5-7) 
case series 
Ploussard (2010) Creteil, Paris, France 206 Prospective 160 504 3% 82 43 
case series 
Bolenz (2011)?! University of Texas 264 Retrospective 235 (209-270) — 5% — 1 (1-2) 
Southwestern Medical case series 


Center, Dallas, TX, US 


Heldt (2011)?2 Loma Linda University, 418 Retrospective 291.1 +69 154.6 + 10.3 — — 172102) 
US case series 
ayram (2011)? Univ. of Chicago, IL, US 148 Prospective — 150 (25—1,000) 3% 6 (5-8) — 
Diamico case series 
high risk 


Adapted from European Urology, Volume 62, Issue 3, Novara G et al, ‘Systematic review and meta-analysis of perioperative outcomes and complications after robot-assisted radical 
prostatectomy’, pp. 431-52, Copyright © 2012, with permission from Elsevier, http://www.sciencedirect.com/science/journal/03022838 


blood loss, or catheterization time. Similarly, surgeon experience 
(i.e. number of cases performed, achieving a fellowship training in 
RARP) are associated with better perioperative outcomes. 

Postoperative complications are relatively uncommon, with 
overall mean rate around 10%. High-grade severe complica- 
tions are very uncommon following RARP. Specifically, the 
mean complication rate is as low as 9% (range: 3-26%), with 
grade 1 complications being as prevalent as 4% (range: 2- 
11.5%); grade 2, 3% (range: 2-9%); grade 3, 2% (range: 0.5-7%); 
grade 4, 0.4% (range: 0-1.5%); grade 5, 0.02% (range: 0-0.5%) 
(6). Lymphocele or lymphorrea (mean 3.1%; range 1.2-29%), 
urinary leak (mean 1.8%; range 0.1-6.7%) and reoperation 
(mean 1.6%; range 0.5-7%) were the commonest surgical 
complications.® 

Several studies have compared perioperative outcomes and com- 
plications in RRP, LRP, and RARP (Table 6.10.2). With regard to 
RARP and RRP, a systematic review and meta-analysis showed 
statistically significant differences in terms of rates for blood 
loss (weight mean difference [WMD]: 582.77; 95% CI, 435.25- 
730.29; p <0.00001) and transfusion (odds ratio [OR]: 4.85; 95% 
CI, 2.86-8.22; p <0.00001) in favour of RARP, whereas rates for 
operative time (WMD: -15.8; 95% CI, -68.65 to 37; p = 0.56) 
and overall complications (OR: 1.1; 95% CI, 0.59-2.04; p = 0.76) 
were similar for RARP and RRP. Conversely, rates for opera- 
tive time (WMD: 34.78; 95% CI, -1.36-70.93; p = 0.06), blood 
loss (WMD: 54.21; 95% CI, -75.17-183.59; p = 0.41), and overall 
complications (OR: 1.24; 95% CI, 0.8-1.93; p = 0.34) were similar 
in LRP and RARP. Only the transfusion rate (OR: 2.56; 95% CI, 
1.65-3.96; p <0.00001) was significantly lower in RARP 
patients.°24-26 


Urinary continence 


According to a systematic review of the literature, 12-month urin- 
ary incontinence rates following RARP ranged from 4% to 31%, 
with a mean value of 16% in studies adopting the continence def- 
inition of ‘no pad’. Considering studies using ‘no pad or safety pad’ 
as the continence definition, 12-month urinary incontinence rates 
ranged from 8% to 11%, with a mean value of 9%.44 Some patient 
characteristics such as age, high BMI, large prostate volume, surgi- 
cal experience can affect the probability to recover urinary contin- 
ence after RARP. Similarly, several surgical aspects can influence 
continence rates, anterior and posterior anastomosis reconstruc- 
tion techniques being the most relevant.44 

Table 6.10.3 summarizes the data of studies comparing poster- 
ior reconstruction or anterior and posterior reconstruction (total 
reconstruction) versus the standard procedure. Specifically, a 
cumulative analysis of comparative studies demonstrated a small 
advantage in favour of posterior reconstruction (OR: 0.76; 95% CI, 
0.59-0.98; p = 0.04) for continence recovery one month after RARP. 
Conversely, posterior reconstruction showed no advantage for con- 
tinence at three months (OR: 1.11; 95% CI, 0.78-1.57; p = 0.57) 
and 6 months (OR: 0.95; 95% CI, 0.54-1.68; p = 0.86) after RARP 
over the standard approach. Regardless of continence rates, pos- 
terior reconstruction is a quick and safe surgical detail which may 
ease subsequent steps of vesicourethral anastomosis. Similarly, 
total (anterior and posterior) reconstruction was evaluated in a few 
comparative studies and a cumulative analysis showed a small stat- 
istically significant difference in favour of total reconstruction at 
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one-month continence rates (OR: 0.40; 95% CI, 0.16-0.96; p = 0.04) 
after the RARP.44-*4 

Recently, Srivastava et al. reported a large series on the asso- 
ciation between extent of preservation of neurovascular bundles 
and continence rates, demonstrating that grade of preservation 
was strongly associated with continence. Specifically, patients 
receiving grade 1 preservation (i.e. the greatest extent of nerve 
preservation with incision of the Denonvilliers’ fascia and the 
lateral pelvic fascia (LPF) just outside the prostatic capsule) had 
significantly higher early continence rates, as compared to those 
receiving partial/incremental nerve-sparing or non-nerve-sparing 
procedures.®” Table 6.10.4 summarizes the comparative studies 
reporting continence rates in RRP, LRP, and RARP. With regard 
to RARP and RRP, a systematic review and meta-analysis showed 
that absolute risk of 12-month urinary incontinence was 11.3% 
after RRP and 7.5% after RARP. Therefore, the absolute risk reduc- 
tion was 3.8% in favour of RARP (OR: 1.53; 95% CI, 1.04-2.25; 
p = 0.03). Similarly, with regard to RARP and LRP, the same sys- 
tematic review demonstrated significant advantages in 12-month 
continence rates in favour of RARP (OR: 2.39; 95% CI, 1.29-4.45; 
p = 0.006).44 


Erectile function 


According to a systematic review, the mean values of the 3-, 6-, 
12-, and 24-month potency recovery rates were 50% (32-68%), 
65% (50-86%), 70% (54-90%), and 79% (63-94%), respectively. 
Notably, considering only the studies with high methodological 
quality (according to the Mulhall criteria), the mean 3-, 6-, 12-, 
and 24-month potency rates were 48% (32-68%), 68% (50-86%), 
76% (62-90%), and 82% (69-94%), respectively. Conversely, stud- 
ies with poorer quality showed values of 3-, 6-, 12-, and 24-month 
potency rates as high as 56%, 62% (53-70%), 66% (62-83%), and 
63%, respectively.” 

The adopted definition of potency can vary among studies, 
which, by itself, justifies major differences among the reported ser- 
ies. Moreover, several predictors can affect potency rates following 
RARP, including patient age, preoperative potency status, presence 
of co-morbidities, BMI, and extent of the nerve-sparing proced- 
ure. Series including both the unilateral and bilateral nerve-spar- 
ing procedure showed 3-, 6-, 12-, and 24-month potency rates of 
32%, 53%, 69% (62-90%), and 63%, respectively, whereas the same 
rates in case of full bilateral nerve-sparing surgery were 56%, 69% 
(50-86%), 74% (62-90%), and 82% (69-94%), respectively.74-” 

More controversial is the impact of thermal and athermal dissec- 
tion of the neurovascular bundles during surgery. Ahlering et al. 
demonstrated significantly higher 24-month potency rates in patients 
younger than 65 and preoperatively fully potent receiving athermal 
dissection compared to patients receiving cautery in a prospective 
study.8° Conversely, Samadi et al. demonstrated differences only in 3- 
month potency rates.*4 Similarly, the literature on the impact of exten- 
sion of the nerve-sparing procedure on potency rate is sparse. Shikanov 
et al. evaluated 110 patients having ‘extrafascial’ dissection of the neu- 
rovascular bundles and 703 who underwent ‘intrafascial’ RARP, dem- 
onstrating significantly higher potency rates for those patients treated 
with an intrafascial technique.*! Tewari et al. reported potency rates 
in a large series of patients stratifying data according to the extent of 
preservation defined with a novel grading system (grade 1: incision 
of the Denonvilliers’ and LPF just outside the prostatic capsule; grade 
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Table 6.10.2 Perioperative parameters and complication rates in comparative studies evaluating robotic radical prostatectomy (RRP) and RARP or 


laparoscopic radical prostatectomy (LRP) and RARP 


Author Cases Median/Mean Median/Mean Transfusion Catheterization In-hospital Overall 
operative time blood loss (ml) rate (%) duration (d) stay (d) complication 
(min.) rate (%) 
RARP vs. RRP 
Caballero-Romeu 62 RRP 210 (160-240) 1,500 (1,200-2,000) 81% 22 (19-26) 8 (7-9) 84% 
(2008)? 60 RARP 210 (158-240) 400 (213-500) 11% 12 (11-14) 5 (4-6) 42% 
Drouin (2009)?8 83 RRP 208 + 76 821 + 582 10% 147 7 6% 
71 RARP 199 + 36 310 + 205 6% 8.1 44 8% 
Ficarra (2009)? 105 RRP 135 500 14% 6 7 3% 
103 RARP 185 300 2% 5 6 0% 
Ou (2009)30 30 RRP 213 + 37 912 + 370 60% 92+28 84422 0% 
30 RARP 205 + 102 314 + 284 13% 77 +2 73423 7% 
Rocco (2009)?! 240 RRP 160 800 — 7 6 — 
120 RARP 215 200 6 3 
Carlsson (2010)32 485 RRP — — — — — 45% 
1,253 RARP 10% 
Breyer (2010)?3 695 RRP — — 8% — — — 
293 RARP 1% 
Doumerc (2010)*4 502 RRP 148 (75-330) — 2% 7.9 (6-20) 5.5 (3-10) 1% 
212 RARP 192 (119-525) 1% =) 2.8 (2-7) 2% 
ordan (2010)35 414 RRP = 450 (300-600) 3.4% — — — 
830 RARP 100 (50-200) 0.8% 
Lo (2010)36 20 RRP 289 + 64 — 65% 18+7 177 = 
20 RARP 306 + 85 5% 12+ 8+ 
Truesdale (2010)37 217 RRP 204 + 33 904 + 615 — — — — 
99 RARP 153 +51 160 + 105 
Di Pierro (2011)38 75 RRP 253 + 41 = 3% = — 37% 
75 RARP 330 + 54 0 40% 
RARP vs. LRP 
Caballero-Romeu 70 LRP 345 (3,250-375) 1,270 (700-2,000) 49% 22 (17-28) 8 (5-10) 74% 
0 210 (158-240 00 (213-500 11% GHA = 2% 
(2008)?7 60 RARP ( 40) 400 ( ) % (11-14) 5 (4-6) 42% 
Cho (2009)29 60 LRP 321 289 = 142 164 25% 
60 RARP 224 208 84 123 7% 
Drouin (2009)?8 85 LRP 257 + 94 558 + 574 6% 8.9 61 7% 
71 RARP 199 + 36 310 + 205 6% 8.1 44 8% 
Hakimi (2009)4° 75 LRP 232 311 — — 3.4 15% 
75 RARP 199 230 19 11% 
Trabulsi (2010)*! 45 LRP 300 299 4% — 26 — 
205 RARP 190 259 2% 16 
Park (2011)* 62 LRP 308 (158-456) 214 (50-600) 0 9 7 11% 
44 RARP 371 (240-720) 220 (50-700) 2% 8 7 11% 
Asimakopoulos 64 LRP = = 5% IAS a AE = 8% 
(2011)? 52 RARP 0 IS EDF 15% 


Adapted from European Urology, Volume 62, Issue 3, Novara G et al, ‘Systematic review and meta-analysis of perioperative outcomes and complications after robot-assisted radical 
prostatectomy’, pp. 431-52, Copyright © 2012, with permission from Elsevier, http://www.sciencedirect.com/science/journal/03022838 
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Table 6.10.3 Urinary continence rates reported in studies comparing RARP posterior or anterior and posterior reconstruction versus standard 


vesicourethral anastomosis 


Authors Cases (n) Studydesign Continence Data collection Urinary continence rates (%) 
definition 
1-mo 3-mo 6-mo 12/24-mo 

Posterior reconstruction versus standard vesicourethral anastomosis 

Krane (2009)°° PR (42) Retrospective 0-1 safety pad Interview 85% — — — 
Standard (42) comparative 86% 

Kim (2009)°° PR (30) Retrospective Not reported Not reported 49% 89% 96% — 
Standard (30) comparative 35% 64% 90% 

Woo (2009)°7 PR (69) Prospective 0-1 safety pad Validated Mean time to continence 90 days 
Standard (63) comparative questionnaire Mean time to continence 150 days 

Joshi (2010)°8 PR (53) Prospective 0 pad Validated = 52% 76% — 
Standard (54) comparative questionnaire 63% 84% 

Kim (2010)5° PR (25) Retrospective 0 pad Validated 72% 84% 96% — 
Standard (25) comparative questionnaire 68% 76% 96% 

Coelho (2011) PR (473) Prospective 0 pad Validated 51% 91% 97% — 
Standard (330) comparative questionnaire 42% 92% 96% 

Sutherland (2011)°" PR (47) RCT 0-1 safety pad Validated — 63% — — 
Standard (47) questionnaire 81% 

Anterior and posterior reconstruction versus standard vesicourethral anastomosis 

Menon (2008)6? A+PR (59) RCT 0-1 safety pad Validated 80% — — — 
Standard (57) questionnaire 75% 

Sammon (2010)® A+PR (46) RCT 0 pad Validated 42% — — 83%* 
Standard (50) questionnaire 47% 80%* 

Koliakos (2010)64 A + PR (24) RCT 0-1 safety pad Validated 65% — — — 
Standard (26) questionnaire 33% 

Hurtes (2012)65 A + PR (39) RCT No leak, total Validated 26.5% 45.2% 65.4% — 
Standard (33) control nopad questionnaire 71% 15.4% 57.9% 

Tan (2010)66 A + PR (1,383) Prospective 0-1 safety pad Validated — 91% 95% 98% 
AR (303 comparative questionnaire 77% 86% 92% 
Standard (214) 50% 62% 82% 


*24 months. 


Adapted from European Urology, Volume 62, Issue 3, Novara G et al, ‘Systematic review and meta-analysis of perioperative outcomes and complications after robot-assisted radical 
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2: Incision through the Denonvilliers’ fascia, leaving deeper layers 
on the rectum, and LPF just outside the layer of veins of the pros- 
tate capsule; grade 3: incision through the outer compartment of the 
LPF, leaving some yellow adipose and neural tissue on the specimen, 
and excising all layers of Denonvilliers’ fascia; grade 4: wide excision 
of the LPF and Denonvilliers’ fascia containing most of the peripros- 
tatic neurovascular tissue) (see Tewari et al. 2011).8 Evaluating only 
patients with preoperative Sexual Health Inventory For Men (SHIM) 
scores >21 and with 21 year follow-up, the authors demonstrated that 
90.9%, 81.4%, 73.5%, and 62% of grade 1 to 4 patients were able to 
achieve intercourse (p <0.001), respectively, and 81.7%, 74.3%, 66.1%, 
and 54.5% of grade 1 to 4 patients returned to baseline SHIM scores 
(p <0.001). Moreover, the strict selection criteria adopted to indicate 
patients for the different grades of preservation allowed authors to 
achieve similar positive surgical margin rates in all groups.®* Table 


6.10.5 summarizes potency rates in comparative studies evaluating 
RARP with RRP or LRP. 

With regard to RARP and RRP, a systematic review and meta- 
analyses demonstrated that the prevalence of erectile dysfunction 
according to different definitions was 47.8% after RRP and 24.2% after 
RARP, with a statistically significant absolute risk reduction of 23.6% 
(OR: 2.84; 95% CI, 1.48-5.43; p = 0.002). Conversely, evaluating the 
comparative studies on RARP and LRP, the prevalence of erectile dys- 
function was 55.6% after LRP and 39.8% after RARP, with an absolute 
risk reduction on 14.8% (OR: 1.89; 95% CI, 0.70-5.05; p = 0.21).”4 


Oncolgical outcome 


As RARP is a relatively young procedure, data on cancer-specific 
survival following RARP are currently immature. However, 
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Table 6.10.4 Urinary continence in comparative studies evaluating RRP and RARP, or LRP and RARP 


Authors Cases (n) Study design Continence Data collection Urinary continence recovery (%) 
definition 
6-mo 12-mo 
RARP vs. RRP 
Tewari (2003) RRP (100) Prospective comparison pad Interview Median 160 days 
RARP (200) Median 44 days 
Caballero-Romeu (2008)27 RRP (62) Historical control pad Unspecified 54% — 
RARP (60) 40% 
Krambeck (2009)°? RRP (564) Retrospective series pad Institutional — 93.7% 
RARP (286) questionnaire 91.8% 
Ficarra (2009)? RRP (105) Prospective comparison pad Validated — 88% 
RARP (103) questionnaire 97% 
Rocco (2009)?! RRP (240) Historical control 0-1 safety pad Interview 84% 88% 
RARP (120) 93% 97% 
Ou (2010)7° RRP (30) Retrospective series 0 pad Unspecified 83% 97% 
RARP (30) 97% 100% 
Di Pierro (2011)38 RRP (75) Prospective comparison 0 pad Institutional — 80% 
RARP (75) questionnaire 89% 
Kim (2011) RRP (235) Prospective comparison 0 pad Validated Median 4.3 mo 
RARP (528) questionnaire Median 3.7 mo 
RARP vs. LRP 
Joseph (2005)? LRP (50 istorical control 0 pad Interview 92% — 
RARP (50 90% 
Caballero-Romeu (2008)? LRP (70 istorical control 0 pad Unspecified 64% = 
RARP (60 40% 
Hakimi (2009)*° LRP (75 istorical control 0 pad Unspecified — 90% 
RARP (75 93% 
Lee (2009)73 LRP (31 Retrospective series 0-1 safety pad Institutiona 81% = 
RARP (21 questionnaire 81% 
Trabulsi (2010)*! LRP (45 Historical control 0-1 safety pad Unspecified 71% 82% 
RARP (205) 91% 94% 
Asimakopoulos (2011)43 LRP (64 RCT 0 pad Interview 83% 
RARP (52) 94% 
Park (2011)42 LRP (62 Retrospective series 0-1 safety pad Interview 76% 95% 
RARP (44) 93% 94% 


Adapted from European Urology, Volume 62, Issue 3, Novara G et al, ‘Systematic review and meta-analysis of perioperative outcomes and complications after robot-assisted radical 
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surrogate measures for prostate cancer mortality, such as lymph 
node yield, positive surgical margin (PSM) rates, and PSA (bio- 
chemical) free survival, are available. Few series have reported 
lymph node yield, adopting an extended template for lymph node 
dissection (involving the external iliac, internal iliac, and obturator 
lymph nodes).788*.84 Such study demonstrated lymph node yields 
and positive node rates ranging from 11% to 24%, according to the 
different patient characteristics. On the whole, these data suggest 
extended lymph node dissection is feasible during RARP, although, 
to be strict, most of the other reported series failed to adopt appro- 
priate lymph node dissection templates. 


A systematic review demonstrated the prevalence of PSMs 
ranged from 6.5% to 32%, with a mean value of 15%. The most 
prevalent site of PSM were prostate apex in 5% (range: 1-7%) of 
the cases, anterior prostate in 0.6% (range: 0.2-2%), at the bladder 
neck in 1.6% (range: 1-2%), and posterolaterally in 2.6% (range: 
2-21%). Finally, the mean PSM rate was 9% (range: 4-23%) in pT2 
cancers, 37% (range: 29-50%) in pT3 cancers, and 50% (range: 40- 
75%) in pT4 cancers.®> With regards to predictors of PSMs, some 
cancer characteristics (including prostate volume, clinical T stage, 
and biopsy Gleason score, presence of perineural invasion), and 
surgeon experience (i.e. number of cases performed, presence of 
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Table 6.10.5 Potency rates in comparative studies evaluating RRP and RARP, or LRP and RARP 


Authors Cases (n) Patient Surgical aspects Study design Potency Data collection 12-mo 24-mo 
S P 
characteristics (RARP) Definition 
(RARP) 
RARP vs. RRP 
Tewari (2003)68 RRP (100) — — Prospective Presence of Interview Median 440 days 
RARP (200) comparison erection Median 180 days 
Ficarra (2009)? RRP (41) Mean age 61 Intrafascial Prospective SHIM >17 Validated 49% — 
RARP (64) Preop potent Clipless (monopolar comparison questionnaire 81% 
Bilateral NS dissection) 
rambeck (2009)6? RRP (417) Mean age: 61 Interfascial Retrospective, ESI Institutional 63% — 
RARP (203) Preop potent Clipless (monopolar — Contemporary questionnaire 70% 
Mono/Bilat NS cautery) E 
Rocco (2009)31 RRP (214) Mean age: 63 Athermal dissection Historical control ESI Interview 41% — 
RARP (78) Preop Potent 61% 
Ou (2010)? RRP (2) Mean age: 67 Athermal dissection Retrospective ESI Unspecified 50% — 
RARP (16) Preop potent e a 60% 
Mono/Bilat NS SES 
Di Pierro (2011)38 RRP (47) Mean age 62 Interfascial Prospective ESI Institutional 26% — 
RARP (22) Preop potent Athermal comparison questionnaire 55% 
Bilateral NS 
im (2011 122 ean age: thermal dissection rospective alidate 28% 7% 
Kim (201171 RRP (122) Mean age: 64 Athermal dissecti Prospecti ESI Validated % 47% 
RARP (373) Preop potent comparison questionnaire 57% 84% 
Mono/Bilat NS 
RARP vs. LRP 
Cho (2009)?? LRP (41) Mean age: 66 Unclear Historical control ESI Interview 78% — 
RARP (53) Preop potent 81% 
Mono/Bilat NS 
Hakimi (2009)40 LRP (45) Mean age: 59 Unclear Historical control ESI Validated 72% — 
RARP (51) Preop potent questionnaire 76% 
Bilateral NS 
Asimakopoulos LRP (64) Mean age: 59 Athermal Intrafascial RCT ESI Validated 32% = 
(COD RARP (52) Preop potent dissection questionnaire 77% 
Bilateral NS 
Park (2011)*2 LRP (62) Mean age: 62.7 Unclear Retrospective, ESI Interview 48% — 
RARP (44) Preop potent contemporary 55% 
series 


Mono/Bilat NS 
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fellowship training in robotic surgery), are usually considered use- 
ful.86-?2 More controversial is the impact of the extent of preserva- 
tion of neurovascular bundles dissection on PSM rates. Tewari et al. 
demonstrated similar prevalence of PSMs regardless of the adopted 
approach.8? However, it must be kept in mind that the most aggres- 
sive grade 1 preservation is for reserved to patients with cT1c can- 
cer, primary Gleason pattern 3, PSA <10 ng/mL, <5% of cancer in 
the biopsy, and negative MRI, whereas patients with more adverse 
clinical features (including Gleason pattern 4, Gleason score 8, PSA 


>10 ng/mL, more extended disease on biopsy, and/or positive MRI) 
were reserved grade 3 or 4 procedures.®? Consequently, it might 
be hypothesized that a risk-stratified selection of patients for the 
different extent of nerve preservation might not jeopardize onco- 
logical outcome. Table 6.10.6 summarizes the comparative stud- 
ies evaluating RARP to either RRP or LRP that report PSM rates. 
Systematic review reveals non-statistically significant differences in 
PSM rates following RRP and RARP (21% and 20%; OR: 1.21; 95% 
CI, 0.91-1.63; p = 0.19) and PSM rates in pT2 cancers (12% and 


545 


546 


SECTION 6 ONCOLOGY 


Table 6.10.6 Positive surgical margin in comparative studies evaluating RRP and RARP, or LRP and RARP 


Author Cases Overall PSM p12 PSM Author Cases Overall PSM pT2 PSM 
RARP vs. RRP RARP vs. LRP 
Caballero-Romeu 62 RRP 52% — Caballero-Romeu (2008)?7 70 LRP 46% — 
2008)” 60 RARP 31% 60 RARP 31% 
Drouin (2009)28 83 RRP 18% 7% Cho (2009)? 60 LRP 38% 34% 
71 RARP 17% 10% 60 RARP 23% 22% 
Ficarra (2009)? 105 RRP 21% 12% Drouin (2009)28 85 LRP 9% 1% 
103 RARP 34% 12% 71 RARP 7% 0% 
Laurila (2009)?3 84 RRP 14% 15% Hakimi (2009)*° 75 LRP 4% 3% 
88 RARP 12% 10% 75 RARP 2% 1% 
Ou (2009)3° 30 RRP 20% 0 Trabulsi (2010)*" 45 LRP 24% 20% 
30 RARP 50% 3% 205 RARP 6% 0% 
White (2009) 50 RRP 36% 34% Asimakopoulos (2011)43 64 LRP 0% 8% 
50 RARP 22% 19% 52 RARP 5% 7% 
Barocas (2010)9° 491 RRP 30% — Magheli (2011)° 522 LRP 3% 7% 
1,413 RARP 20% 522 RARP 20% 9% 
Breyer (2010)? 695 RRP 16% — Park (2011)*2 62 LRP 21% — 
293 RARP 18% 44 RARP 20% 
Doumerc (2010)*4 502 RRP 17% 10% 
212 RARP 21% 12% 
Lo (2010)3¢ 20 RRP 25% — 
20 RARP 20% 
Di Pierro (2011) 75 RRP 32% 24% 
75 RARP 16% 8% 
im (2011) 235 RRP 25% 9% 
528 RARP 27% 13% 
Magheli (2011)°6 522 RRP 14% 7% 
522 RARP 20% 9% 
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11%; OR: 1.25; 95% CI, 0.81-1.93; p = 0.31).85 Similarly, overall 
PSM rates (18% and 18%; OR: 1.12; 95% CI, 0.81-1.55; p = 0.47) 
and PSM rates in pT2 cancers (11% and 12%; OR: 0.99; 95% CI, 
0.73-1.35; p = 0.97) were similar in LRP and RARP.®° 

With regard to BCR, few series reported on BCR estimates following 
RARP with acceptably long follow-up duration. Menon et al. reported 
on 1,384 patients at a median follow-up duration of 60 months, dem- 
onstrating found 3-, 5-, and 7-year BCR rates of 90%, 87%, and 81%, 
respectively, with 95.5% cancer-specific survival.°* Similar figures 
were reported by Suardi et al. in a smaller series of patients treated at 
the OLV Robotic Surgery Institute, Aalst, Belgium, and evaluated at a 
median follow-up of 67.5 months”? and by Sooriakumaran et al. on 
about 1,000 patients from Karolinska University Hospital, Stockholm, 
Sweden evaluated at a median follow-up of 6.3 years.1° A limited 
comparison of RRP, LRP, and RARP reveals no significant differences 
(HR: 0.9; 95% CI, 0.7-1.2; p = 0.526) or between LRP and RARP 
(HR: 0.5; 95% CI, 0.2-1.3; p = 0.141).85 


Downsides of RARP 


It is clear that RARP is not devoid of downsides. One of the claimed 
benefits of the robot-assisted approach is that it reduces the difficulty 
associated with conventional LRP, reducing the learning curve to as 
few as 12 cases.!°! Long operative times remain a definite downside 
of robotic-assisted laparoscopic prostatectomy (RALP) in the early 
experience of many centres. Moreover, the learning curve is clearly 
a much more complex than simply achieving acceptable operative 
times, and outcomes in terms of PSMs, continence, and potency 
must also be considered.!°! Surely, evaluating learning curve for 
functional outcomes is a very complex issue because of inconsisten- 
cies and subjectivity in outcome reporting for these variables across 
all approaches for RP. For oncological outcomes, Vickers et al. have 
clearly shown the impact of experience on BCR-free survival rates 
following RRP!°? and LRP.!° Specifically, the authors demon- 
strated that cancer control after radical prostatectomy improves as 


a surgeon's experience increases (during the first 250 RRP or 750 
LRP cases performed).102103 Unfortunately, a similar analysis of 
the learning curve for RARP is not available so far. 

The most significant downside of RARP is clearly represented by 
the cost of the robotic platform. The installation cost is approximately 
US$1.8 million (US$ 2.0 million for the dual-console version), with 
maintenance costs of about $100,000 per annum. Robotic consuma- 
bles cost around US$1,500 per case. The lack of a competitor in this 
area has contributed to costs remaining prohibitively high for many 
hospitals and indeed many countries, thereby preventing equitable 
availability of this technology across diverse healthcare systems.!0! 

Proponents of RARP often claim that it leads to shorter hospi- 
talization, faster return to work, and other benefits that justify the 
expense of the robot-assisted approach. However, these claims are 
usually unsubstantiated and are often limited by the great variation 
in health economies from one country to another.!®! Scales et al. 
demonstrated cost-equivalence of RARP with RRP based on 10 
cases per week and cost superiority based on 14 cases per week in 
the United States.!°4 Conversely, other health-economic analyses 
performed in UK demonstrated that excess cost related to pur- 
chase and maintenance can be reduced maintaining a case volume 
for each robotic system of at least 100-150 procedures per year.! 
A systematic review on the costs of RARP strongly suggested that it 
was not cost-effective in comparisons with RRP, with differences in 
costs ranging from $2,000 to $4,000.!°° However, the quality of the 
available literature in the field is quite limited. 

There is little doubt that the fact that Intuitive Surgical retain 
a monopoly of the market does not help in limiting costs. For 
example, EndoWrist instruments have to be discarded after 10 or so 
uses, whereas EndoWrist training instruments often work very well 
for many sessions.!°! Although several companies are currently 
working on new platform, it is highly unlikely that new platforms 
with the high level of excellence currently achieved by da Vinci sys- 
tem will be available for clinical use in the short future. 


Conclusions 


RARP is a popular approach to perform RP in Western countries. 
Surgical technique is currently very well standardized and several 
studies are available in literature. According to the available data, 
RARP can be performed routinely with a relatively small risk of 
complications and with excellent functional outcomes. Clinical 
patient characteristics, surgical experience and surgical technique, 
and cancer characteristics may affect the risk of complications as 
well as continence and potency recovery. PSM rates are similar fol- 
lowing RARP, RRP, and LRP. The few data available on BCR from 
high-volume centres are promising, but definitive comparisons 
with RRP or LRP are not currently possible. Moreover, significant 
data on cancer-specific survival are not available. Finally, high cost 
for purchasing and maintenance of the robotic platform is the most 
critical limitation of RARP. 
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CHAPTER 6.11 


Metastatic disease 
in prostate cancer 


Noel W. Clarke 


Metastatic mechanisms in 
the primary tumour 


The fundamental problem arising from of prostate cancer is its 
propensity to metastasize. Without this, the disease would not be 
the major public health problem it currently is. This tendency is 
predicated on specific molecular mechanisms and interactions 
resulting in the coordinated and inexorable process of local inva- 
sion, extravasation, and distal migration from the primary followed 
by the establishment of site specific metastases at secondary loca- 
tions. Basic knowledge relating to this structured mechanism has 
improved in recent years but our understanding of the hows and 
whys of this process remains poor. Improved understanding of the 
molecular mechanisms underpinning metastases is essential and 
would potentially open the way for the application of novel thera- 
pies to treat this incurable condition. 


Local invasion 


Local invasion is the fundamental early step in the metastatic 
process and without it, tumour spread would not occur. For 
tumour invasion, epithelial cells must break free from adhesion 
to each other and to their connective tissue scaffold, they must 
become motile, and acquire the ability to break down the extra- 
cellular matrix using degradative enzymes. The means by which 
cells transformed by the malignant process, invade, and migrate 
has been described as the three-step invasion and metastasis 
theory: 


+ Step 1: Attachment to underlying extracellular matrix 
+ Step 2: Digestion of basement membrane 
+ Step 3: Migration to the interstitium 


From the interstitium, cells must enter the vascular or lymphatic 
circulation by breaching the endothelial barrier.4? The cell then 
migrates in the blood or lymphatic circulation and arrests at a sec- 
ondary endothelial site, where the process of endothelial binding, 
extravasation, and endothelial transmigration occur once more. 
Only cancer cells have the ability to cross the endothelial barrier! 
and implant as a micrometastasis. They will only do this if the 
environment at the secondary site is favourable. In prostate cancer, 
these environmental properties are clearly present in lymph nodes 
and particularly, the red bone marrow.’ 


Clinical features 


Bone metastases from prostate cancer are a major unresolved 
clinical problem. More than 80% of men with these will die from 
prostate cancer (PCa) within five years of first presentation? and 
they are present in most men dying from the disease.> Morbidity 
and death is usually the direct result of red bone marrow infil- 
tration. Once established there, malignant cells grow prolifically, 
disturbing the integrated structure and function of the bone and 
bone marrow, producing the classical clinical picture of mar- 
row failure, bone pain, pathological fracture, and spinal cord 
compression. 


Prevalence 


Bone metastases in prostate cancer occur in 35-85% of patients,®7” 
homing to the axial skeleton (lumbar spine: 60%, ribs: 50%, appen- 
dicular skeleton: 38%, skull: 14%).8 Dissemination in the skeleton is 
haematogenous and metastasis distribution correlates closely with 
red marrow distribution.?!° Affinity for red marrow is the most 
likely factor determining this distribution pattern. Emphasis has 
been placed on the Batsons’ theory of ‘valveless’ venous spread.!! 
However, the high incidence of metastases in the lumbar spine and 
pelvis is likely to be a consequence of anatomical proximity and 
venous drainage, which dictates that this skeletal region has the 
highest exposure to cells released from the primary and therefore 
the highest number of epithelial ‘hits’ on the bone marrow endo- 
thelium. Prostate epithelial cell/bone marrow endothelial bind- 
ing is a rapid process!* and a critical number of cellular ‘hits’ are 
needed for metastatic development.! The environment for meta- 
static implantation and growth is therefore at its height in the red 
bone marrow of the pelvis and lumbar spine. 


Pathophysiology 


Circulating epithelial cells arrest in bone marrow by binding to 
the endothelium; this is site-selective!+!> and despite significant 
numbers of cells measurable in circulation even in clinically local- 
ized disease, widespread multiorgan metastases are a relatively late 
event. Tumour cells bind to endothelial cell-cell junctional regions 
(Fig. 6.11.1) then migrate actively through by a complex process of 
chemoattraction, cell movement and homing/binding to bone mar- 
row stroma (for detailed description of this, see 27-1). 
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Fig. 6.11.1 Epithelial migration of prostate cancer cells across the bone marrow endothelium. The prostate cancer cells (green) bind to the endothelium (grey) at 

junctional areas. The prostate cancer cells then change shape (amoeboid to mesenchymal transition) and then move across the endothelial barrier. The binding process is 
completed within one hour and the migration within 24 hours. 
Reprinted by permission from Macmillan Publishers Ltd on behalf of Cancer Research UK: British Journal of Cancer, Volume 92, Issue 3, C A Hart et al, ‘Invasive characteristics of human prostatic 


epithelial cells: understanding the metastatic process, pp. 503-512, Copyright © 2005 Rights Managed by Nature Publishing Group. 


Within bone marrow cancer cells require several key elements 
to be present before an overt metastasis develops: there are many 
uncertainties about these and their interactions. Most migrating 
cancer cells die and some can remain dormant in bone marrow for 
considerable periods of time. However, once a cell colony propa- 
gates, the micrometastasis develops in the bone marrow space in 
close association with the bone surface disturbing the local micro- 
environment. It has been postulated that the first event in this 
process is osteoclast mediated resorption leading to release of 
stimulatory cytokines from the bone surface and culminating in a 
self-propagating cycle of bone resorption, cytokine release, tumour 
stimulation, and more resorption. This so-called ‘vicious cycle’ is 
almost certainly a later event and the first step in the early meta- 
static process is always a stimulation of fibroblastic elements in the 
bone marrow and osteoblasts on the bone surface. As metastases 
develop, the balance of bone resorption coupled to formation is 
disrupted, resulting in accelerated bone formation and destruc- 
tion. This is caused by changes in local cytokine production and 
interaction. Several stimulating factors have been identified in rela- 
tion to ‘osteoblastic’ metastases in prostate cancer. These selectively 


stimulate the mesodermal cell lineages thereby increasing osteo- 
blast and fibroblast activity. They include fibroblast growth factors, 
TGEB, bone morphorgenetic protein (BMP) and endothelin-1.!7 
This overactivity is responsible for the measurable increase in 
bone volume!®!8!° and for the measured acceleration in bone 
mineralization.2° The tumour-generated bone deposited is abnor- 
mal ‘woven’ bone. This is characteristic of bone produced in high 
turnover states and is responsible for the well-described sclerotic 
appearance seen radiologically,2! and measured histomorphomet- 
rically!? and biochemically? in this disease. 

In parallel with osteoblastic overactivity, PCa destroys bone 
by osteolysis driven by hyper-stimulated osteoclasts.!9??-74 The 
paradox of increasing bone volume (sclerosis) accompanied by 
wholesale bone destruction is explained by histomorphometric 
measurement of bone metastases!? showing that skeletal resorption 
is accompanied by synchronous replacement by abnormal woven 
bone, which, itself, undergoes further resorption. The lytic process 
is a consequence of abnormal levels of tumour-generated soluble 
growth factors. These overstimulate osteoclast recruitment, differ- 
entiation, and activation. One proven mechanism of this process is 


the stimulation of osteoblasts by macrophage colony stimulating 
factor (M-CSF), the receptor activator of the NFkb ligand (RANK- 
Ligand) and osteoprotegerin.**.7° Osteoblasts then secrete the pro- 
tein, RANK-Ligand which induces osteoclast differentiation by 
binding to the RANK surface receptor on the osteoclast precursor, 
stimulating osteoclastogenesis.° The protein osteoprotegerin plays 
a key regulatory role in this process by competing for the RANK 
binding site on osteoclast precursors. Knowledge of this process 
forms the basis for RANK-Ligand inhibition in clinical practice 
using the drug, denosumab. 


Diagnosis 


The basis of diagnostic imaging is Tc99 bone scanning, conven- 
tional radiology, and cross-sectional imaging with CT and/or MR 
scanning. None of these modalities is perfect and all have advan- 
tages and drawbacks. 


Isotope bone scanning 


The predilection of radionuclides for the bony skeleton has been 
known since 1929, when Martland and Humphries, in a classical 
paper, described the development of osteosarcomata in painters of 
luminous watch dials. It had also been known for some years that 
scintigraphic imaging was a better discriminator of metastatic dis- 
ease in bone?”?8 and that bisphosphonate-labelled technetium was 
the most accurate and reliable isotope.2? However, since that time 
there has been little evolution of any consequence in scintigraphic 
techniques for prostate cancer (PCa) in bone.*° Most diagnostic 
pathways for metastatic staging in bone still rely heavily on Tc-99m 
bone scan, which is known to lack diagnostic specificity,?! 3? par- 
ticularly at low levels of prostate-specific antigen (PSA), where it is 
a poor discriminator of microscopic disease. Indeed, its use at low 
PSA levels is of limited value: the positive detection rate of a bone 
scan in a patient with a PSA level <10 ng/mL is approximately 1%. 
Thus, its use in an unstratified and routine manner is neither 
accurate nor cost effective. In cases where there is diagnostic 
uncertainty because of unspecific high uptake on scan (old frac- 
tures, Pagets disease, degenerative joint conditions, and so on) fur- 
ther characterization with supplementary targeted X-rays/scans is 
required to help discriminate benign from malignant lesions.’ 
MRI of the spine is routinely used for the imaging of suspected 
vertebral fractures or spinal cord compression in cancer patients 
and now, in the axial skeleton (AS-MRI) it is being used increas- 
ingly to detect metastases in the bone marrow/bone in prostate 
and other cancers.34 AS-MRI has proved highly sensitive in detect- 
ing bone metastases in cancer patient.*4-3° Its superiority over BS 
in this regard is reported.3?-4! For example, in a well conducted 
single centre study, AS-MRI was able to identify bone metasta- 
ses earlier than Tc-99m bone scan and its sensibility/specificity 
was superior to the standard imaging with Tc-99 BS and targeted 
X-rays.“ However, skeletal MR needs to be better standardized: 
there is a lack of agreement regarding scan protocols (e.g. axial MR 
vs. whole body imaging, magnet power and sequences, and so on) 
and there is still a significant false negative and positive rate. Further 
work is ongoing in this area to refine and define the place of this 
technique in diagnosis and staging and it is likely that this imaging 
modality will ultimately supplant the isotopic bone scan. 
Measurement of prostate cancer’s treatment response and pro- 
gression in bone is also a major problem. The conventional way 
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to measure therapeutic response in soft tissue is to utilize RECIST 
criteria. These are based on the ability to measure the size of a 
solid tumour in two dimensions by clinical examination or cross 
sectional scanning. With metastatic disease in bone this cannot 
be done, thereby confounding the application of RECIST in the 
skeleton.*-46 This is particularly problematic for prostate cancer 
as metastases are mainly detected in bone (65-75%), with measur- 
able lesions in lymph nodes or soft tissues being present in <40%, 
except in late-stage disease.4748 In the absence of robust imaging 
techniques for treatment response in bone, clinicians rely on tech- 
niques such as counting the number of scan hot spots, measuring 
their area and subjectively documenting scan intensity, interpret- 
ing this as regression or progression. However, these methods are 
notoriously unreliable for various reasons; for example, increased 
intensity can be the result regression of tumour (scan flare: occur- 
ring in up to 30%), healing in previously lytic areas can look like 
progression and methods involving counting of hotspots fail to 
account for the size of individual metastases (e.g. when the whole 
of the iliac blade is affected this counts as a single ‘hotspot’). Other 
methods utilizing composite end points have been developed. 
These have mainly included radiological or clinical SREs (skel- 
etal-related events). While these are useful, they are relatively 
crude instruments for measuring subtle changes in disease activity/ 
regression in the skeleton. For future practice, it has become much 
more important, particularly for the development drugs targeted 
against bone metastasis to have better methods for measurement of 
response in bone.49->! 

To this end, phase I studies to develop a single step MRI tech- 
nique of the axial skeleton (AS-MRI) to quantify bone metastases 
have been undertaken to measure tumour response. Interestingly, 
tumour extension and response to therapy could be measured 
using CT scanner or AS-MRI.*? This increased the proportion of 
RECIST measurable data from 29% to 65%. 


Metastasis prevention 


The most obvious way to prevent bone metastases is to remove the 
primary or kill off the cancer cells therein with radiation-based 
strategies. However, in a proportion of high-risk cases this strategy 
fails and where there is biochemical evidence of disease failure with 
the primary in situ (e.g. after ‘curative’ radiotherapy) or with an iso- 
lated PSA rise post prostatectomy then there then there is a signifi- 
cant chance of developing metastases in bone. A rapid PSA doubling 
time (PSADT) in M0 disease is a key prognostic factor for this.” 

Strategies have been developed whereby systemic treatments 
are used to limit the development of bone metastases in high- 
risk clinical MO patients. Examples include large scale trials using 
zoledronic acid, such as the ZEUSS or STAMPEDE trials,>4 which 
use zoledronic acid administered monthly over extended periods. 
Results of these studies have, however, been disappointing. The 
results using denosumab were positive.” This was effective for 
reducing the rate of M1 conversion, reducing the development of 
bone metastases by 15% by comparison with placebo. Subanalysis 
of this trial, studying groups with low PSADTs showed this reduc- 
tion became more marked when the PSADT was <4 months, where 
the risk reduction here was 29%.°° Although this level 1 evidence 
makes a case for the stratified use of this agent as a bone metastasis 
preventer in the high-risk setting, it awaits larger scale adoption by 
clinicians for this indication. 


553 


554 


SECTION 6 ONCOLOGY 


Clinical and metabolic effects 


Morbidity and death from PCa is most commonly linked to skeletal 
metastatic spread. Disturbance in balanced bone and bone marrow 
function manifests as marrow failure, altered calcium metabolism, 
pathological fracture, and spinal cord compression. 


Bone marrow failure 


This is a direct consequence of red marrow infiltration by meta- 
static prostate cancer (Fig. 6.11.2). This displaces the erythroid and 
blast cell precursors, inducing dysfunction and depletion in leukoid 
and erythroid lineages. The commonest clinical consequence of 
this is anaemia, although immunological dysfunction, platelet mal- 
function, and overt DIC are known sequelae. Anaemia is common, 
especially in late stage disease.°” inducing lethargy and shortness 
of breath, particularly when the haemoglobin falls below 8 g/dl. At 
this Hb level transfusion facilitates symptomatic improvement and 
is an effective palliative measure.*8°° 

Erythropoetin (EPO) has been used® and it also helps coun- 
teract the erythroid suppression produced by combined androgen 
blockade. A limited number of studies have used this agent in cas- 
trate-resistant prostate cancer (CRPC): a small study using EPO 
over 12 weeks showed a 2 g/dl increase in Hb.°! A further report 
using EPO (5,000 units x3/week) claimed significant benefit with- 
out major side effects, with 43% of patients experiencing improved 
quality of life (QoL) with Hb increases of >2 g/dl.6? However, the 


short life expectancy of patients and cost of therapy have limited its 
use in this patient population. 


Skeletal dysfunction 
Metabolic effects 


Derangement of skeletal function by prostatic infiltration disturbs 
calcium metabolism. Other cancers such as breast typically induce 
hypercalcaemia but this is uncommon in PCa occurring in only 
1-5%.°3 Patients usually have low serum calcium because the exces- 
sive bone formation in metastases induces a ‘calcium sink effect, 
utilizing the excess calcium released by osteolysis to meet the cal- 
cium demand from osteoblast overactivity. The increased calcium 
mobilization leads to mild hyperparathyroidism and a chronic 
increase in bone resorption in areas of the skeleton not involved 
by cancer which, in turn, potentiates the bone loss from androgen 
deprivation.!° 


Pathological fracture 


Clinical pathological fracture has been perceived as a relatively 
uncommon event in prostate cancer with a proposed incidence of 
3%,°° contrasting with a rate of 9% in malignancies overall and 16% 
in breast cancer.6667 More recent analysis has shown that patho- 
logical fracture is a much more common problem than was previ- 
ously thought. In CRPC the fracture rate has been reported to be 
as high as 33% when measured radiologically, with approximately 


Fig. 6.11.2 Bone biopsy from a bone metastasis in hormone refractory prostate cancer. The trabeculae of the cancellous bone (solid blue) frame the marrow space 
containing normal red bone marrow (centre to upper left) and encroaching prostate cancer cells (lower central and upper right). The prostate cancer cells are displacing 
the red bone marrow progressively. The advancing front of malignant cells replaces the normal red marrow until the marrow space ultimately becomes populated 
completely by prostate cancer cells which in turn, induce osteoblast and osteoclast hyper-activity (as seen on the contiguous bone surfaces). It should be noted that 
the marrow replacement is not a compression phenomenon, as shown by the preservation of the architecture of the normal red marrow at the cancer/bone marrow 
interface. The marrow displacement is responsible for the anaemia and general haematological dysfunction seen commonly in hormone-refractory prostate cancer 


(HRPC). 


two-thirds occurring in the vertebral column and one-third in 
the long bones.®* This risk is exacerbated by the long-term use 
of androgen suppression.®® However, there is controversy about 
the clinical importance of these ‘skeletal-related events’—and it is 
important to discriminate between SRE’s classified radiologically 
and those presenting clinically (the so-called ‘clinical SRE, defined 
as a pathological fracture or a specific clinical intervention for a 
skeletal symptom such as local radiotherapy or intervention ortho- 
paedic surgery).”? When a clinical pathological fracture occurs, it 
is associated with a significant reduction in patient survival.’! The 
incidence of these fractures can be reduced by the use of agents to 
reduce osteoclast overactivity. Other treatments include prophylac- 
tic local irradiation of lytic metastases in the shafts of long bones 
and in the neck of the femur. However, when a pathological frac- 
ture occurs in a long bone, it is important to treat this rapidly with 
orthopaedic fixation or joint replacement (Fig. 6.11.3). This is 
highly effective in reducing pain and restoring mobility. Fixation is 
usually supplemented by treatment with local radiotherapy two to 
four weeks after the surgery. 


This is a devastating complication of metastatic bone disease 
(Fig. 6.11.4). Prostate cancer is the commonest cause of malignant 
cord compression and its clinical manifestations occur in over 10% 
of patients.°>7* Patients at risk can often be identified by simple 
clinical parameters: in a retrospective review of 68 patients’? it was 
shown that heavy skeletal tumour load, long-standing duration of 
continuous androgen suppression and low Hb concentration effect- 
ively identified a population ‘at risk. Subsequent MRI scanning of 
such patients facilitated identification of men whose disease might 
be treated locally (e.g. with radiotherapy) before development of 
irreversible neurological deterioration. There is also good evidence 


(A) 


METASTATIC DISEASE IN PROSTATE CANCER 


Fig. 6.11.3 Radiograph of a 63-year-old man with hormone refractory prostate 
cancer illustrating the problem of long bone fracture. Multiple sclerotic bone 
metastases are seen throughout the pelvis. Pathological fractures secondary to 
tumour mediated bone destruction have occurred separately in the necks of 
both femora over a 12-month period. These have been treated by prosthetic joint 
replacement and subsequent local radiotherapy. 


to suggest that addition of a bisphosphonate or RANK-Ligand 
inhibition with denosumab to this group of patients will decrease 
the risk of cord compression still further.®.7475 

Unfortunately, many patients present acutely, the underlying 
pathophysiological cause being a collapse of an affected vertebral 


(B) 


Fig. 6.11.4 MR scan of metastatic castrate resistant prostate cancer in the (A) cervical and (B) thoracic spine inducing spinal cord compression in HRPC. The serial scans 
from the same patient show destructive lesions in multiple vertebrae and illustrate that compression often occurs at multiple levels simultaneously. Early treatment is 
required for the best clinical outcome but paraplegia at presentation is usually an indicator of poor outcome. 
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body or encroachment of the tumour in the spinal canal itself. This 
tends to cause maximal trouble in the thoracic spine where the 
spinal canal is at its most narrow.’° Prodromal symptoms tend to 
manifest as an excruciating ‘band-like’ pain around the lower abdo- 
men (90% of cases) although more subtle manifestations include 
isolated peripheral neuropathy/lower limb weakness or spontan- 
eous loss of normal bladder and/or bowel function. Management 
of the acute situation should be in accordance with the NICE guid- 
ance on the management of spinal cord compression” and urgency 
is critical. Dexamethasone should be administered immediately 
and consideration then given to whether the patient is best treated 
with radiotherapy or surgery. A reasoned balance must be struck 
here in relation to outcome and survival, as the response to sur- 
gery may be limited, especially if paraplegia has been present for 
>24 hours and if there is critical compression at multiple levels. In a 
study of 69 patients (52 with CRPC)’® presenting with spinal cord 
compression, only 52% had a functional motor improvement after 
treatment, the majority seeing this within the first week of therapy. 
Many patients had multiple levels of compression (Fig. 6.11.4), a 
problem best categorized by MRI. Patients of younger age (<65) 
with single compression levels fared better: when these factors 
were excluded, there was no additional benefit arising from high 
irradiation dose (>30 Gy) or surgical decompression.’8 In a further 
study of spinal cord decompression only 8 of 19 men with CRPC 
had recovery of mobility postoperatively: perioperative mortality 
was 8% and a high proportion died within the year after surgery. 
Predictors of good outcome were the ability to walk preoperatively 
and rapid intervention after the onset of symptoms. Immobility, an 
onset of >24 hours and established paraplegia were particularly bad 
signs, the latter being a ‘consistently accurate indication of poor 
long-term prognosis.”? This raises the question of whether or not 
laminectomy is justified in all CRPC patients with this particular 
problem: the answer is clearly ‘no’ but some will respond well and 
this needs carefully consideration by an expert team. 


Management of bone pain and the use 
of ionizing radiation 


Many patients with prostatic bone metastases will experience bone 
pain at some point in the course of their disease®*°: its aetiology 
is incompletely understood. The extent of disease in the skeleton 
does not necessarily correlate with the pain experienced,*! but 
whether the pain is associated with a single isolated metastasis or 
a heavy skeletal load, it is often a source of considerable morbidity 
requiring multidisciplinary treatments by urologists, oncologists, 
and palliative care teams in order to bring symptoms under con- 
trol. Many second and third-line therapies were developed recently 
and are now available when systemic therapy fails. These include 
the use of external beam or systemically administered radiotherapy, 
novel hormonal or cytotoxic chemotherapy, analgesics, and bispho- 
sphonates. Focal radiotherapy is very effective for pain localized to 
specific metastases or defined areas of the skeleton. Regimens vary 
in different countries and the optimal treatment is still debated.8? A 
typical European regimen might involve single dose 8 Gy or 4 Gy 
in six fractions while a commonly used North American schedule 
involves administration of 30 Gy given as 3 Gy fractions over 10 
treatments.®> ‘Single shot’ radiotherapy seems to be as efficacious 
as multifraction treatment in this situation. In a controlled study 
of single fraction 8 Gy versus 10 fractions of 3 Gy, there was no 


significant difference in outcome.§4 Whatever the regimen used, 
approximately 90% of patients will have a response and this will be 
complete in 40%.85 Pain may recur at the same site of treatment but 
further local radiotherapy is then possible.86 

When multiple sites are painful and other systemic therapies 
have failed, hemi-body irradiation (HBI) or administration of sys- 
temic radionuclides are effective. HBI will induce responses in 91% 
of patients (45% of these complete responses) within 3-8 days. 
Fractionated treatment is most effective?” and two HBI doses of 3 Gy 
on consecutive days have shown to be as effective as 3 Gy over five 
days.83 Toxicity, mainly nausea, vomiting, diarrhoea, and haemato- 
logical suppression is usually transitory although the latter can be 
persistent.®8 Systemic radiotherapy using bone seeking isotopes can 
be very effective. Agents have previously focused on y emitters like 
strontium®? although phosphorus,*? samarium, and rhenium®® are 
also effective.®? The half-life of Strontium is 50 days and a number 
of well-constructed randomized trials have confirmed its efficacy as 
a single dose administration. The response rate is in the region of 
80%, with 33% experiencing a complete response.??! Treatment is 
associated with mild haematological toxicity, inducing an average 
platelet count drop of 30%. This reaches its nadir at 6 weeks but it 
usually recovers by 12 weeks.*? The treatment can be repeated if 
necessary. Its overall efficacy compares favourably with HBI°? but 
it is less toxic. More recently evidence has emerged showing the 
utility of radium-223 (Alpharadin), an a emitter.”° In a large scale 
randomized trial administering this agent to CRPC patients over 
six ‘cycles’ not only was quality of life improved, there was a reduc- 
tion in pain, clinical SREs, and a prolongation of survival by four 
months. Furthermore, the toxicity of the drug was very low, with 
minimal suppression of the bone marrow. These striking results 
mean that this agent is likely to become a standard of care in bone 
related disease in PCa in the near future. 


Antiosteolytic strategies in prostate cancer 


The utility of antiresorptive agents in preventing bone loss arising 
from androgen deprivation is well established but this will not be 
discussed further herein. This section will concentrate on antire- 
sorptive strategies specifically in relation to established metastases. 


Bisphosphonates 


These drugs have been used extensively in malignancy, particularly 
in breast cancer and myeloma. Their utility in PCa has been uncer- 
tain but in recent years their effects have now been established, 
although their clinical usage is variable in different countries and 
regions. 


Control of bone pain 


Bisphosphonates can alleviate refractory bone pain in CRPC. Open 
label studies using the earlier and less potent agents, clodronate?>"4 
and pamidronate? reported a beneficial effect and these results are 
supported by positive findings using more powerful later gener- 
ation drugs. In an open label study of 25 patients using the intra- 
venous bisphosphonate ‘Ibandronate, reductions in bone pain were 
seen in 92% of patients, with concomitant diminution in analgesic 
requirements and improvement in performance.*® These findings 
have not, however, been replicated in larger controlled studies 
with clodronate®”8 or pamidronate.?? This may be a consequence 


of their lower potency by comparison with stronger drugs such 
as zoledronate and ibandronate. In a large scale randomized trial 
using zoledronate, currently the most potent bisphosphonate avail- 
able, there was a significant decrease in pain requirement for those 
receiving the drug, although quality of life and performance were 
not affected significantly.”4 The reason for the variability of the 
results is unclear. Notwithstanding this, bisphosphonates do have 
a place in the management of refractory pain in CRPC. Patients 
most likely to benefit from bisphosphonates used as a pain relieving 
therapy are those with painful bone metastases which are difficult 
to control by other means. 


Antiosteolytic effects on pathological 
fracture/cord compression 


This class of drugs reduces bone resorption in CRPC”* but their 
clinical benefit to the patient in reducing skeletal related morbid 
events has been open to question. Early controlled studies using 
less potent agents in small number studies (e.g.!) showed no effect 
from treatment by comparison with controls. Latterly, larger stud- 
ies have shown differences even with less potent agents. A rand- 
omized UK MRC study assigned 311 patients with CRPC to receive 
the bisphosphonate clodronate or placebo with results showing a 
reduction in time to symptomatic bone progression.!°! In a second 
study using the same agent with chemotherapy (mitoxantrone and 
prednisone), subset analysis showed that moderate to severe bone 
pain was improved although the palliative effects were not differ- 
ent.°” In a large randomized placebo-controlled study using zole- 
dronic acid, serial use of the drug as monotherapy combined with 
standard palliative care reduced the incidence of skeletal related 
events by 11%.74 This leads to the question of whether or not all 
patients with M1 CRPC should receive bisphosphonates. The view 
of some experts is that the cost/benefit from such a policy is insuf- 
ficiently great! and added to this, there is the small but significant 
risk of osteonecrosis of the jaw (ONJ) with prolonged use, particu- 
larly in the presence of poor dental hygiene, and of renal toxicity. 
However, the same authors accept that there are patients who are 
likely to benefit from such a regimen. These patients include those 
with heavy skeletal tumour load, particularly in the thoracolum- 
bar spine and femoral bones and those who have been on long- 
term LR/RH therapy or maximal androgen blockade. One future 
way of focusing this therapy may be to utilize serum and urinary 
markers to predict the ‘at risk’ population. Patients with high mark- 
ers of bone turnover are known to represent a population with an 
increased risk of developing pathological fracture!” and targeting 
this group may result in the most effective outcome. 


Denosumab 


Denosumab (XGEVA, Amgen) is a fully human monoclonal anti- 
body that specifically targets the receptor activator of nuclear fac- 
tor kappa B ligand (RANKL). This receptor/activator pathway plays 
a key role in bone destruction and tumour growth in metastatic 
cancers and denosumab inhibits it very effectively.!°4 In a large 
scale randomized trial testing its efficacy against zoledronic acid 
in CRPC, where the latter drug was already known to reduce SREs 
by 11%, a further 18% reduction in first and subsequent SREs was 
demonstrated.”> This agent is therefore the most effective anti- 
osteolytic therapy currently available and it is of utility in advanced 


CHAPTER 6.11 METASTATIC DISEASE IN PROSTATE CANCER 557 


prostate cancer. It also has the added advantage that it is adminis- 
tered as a monthly subcutaneous injection and can be used when 
renal function is impaired. 

Neither denosumab nor zoledronic acid have been shown to have 
a beneficial effect on overall or cancer specific survival and their 
use must be precautionary in relation to hypocalcaemia and ONJ. 
These agents can both induce clinical hypocalcaemia, and have to 
be given in conjunction with oral calcium and supplementary vita- 
min D. There is also a cumulative risk of osteonecrosis of the jaw; 
over two-year usage it was 13% with denosumab and 6% with zole- 
dronic acid. Attention to treatment of dental hygiene is therefore 
necessary before and during use. 


Conclusion 


Bone metastases from prostate cancer are common and are a source 
of considerable morbidity. The understanding of their pathogen- 
esis and natural history is improving but the overall knowledge and 
comprehension of the mechanisms of skeletal spread and subse- 
quent marrow and skeletal dysfunction thereby induced is incom- 
plete. A number of new drugs and approaches have been developed 
in recent years and there is evidence for their utility in prostate can- 
cer in the palliative, end stages of metastatic PCa. 
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Novel therapies and emerging 
strategies for the treatment 
of patients with castration- 
resistant prostate cancer 


Deborah Mukherji, Aurelius Omlin, 
Carmel Pezaro, and Johann De Bono 


Introduction 


Suppression of gonadal androgens remains first-line treatment for 
patients with advanced prostate cancer. The response to androgen 
deprivation is not durable however, and progressive prostate can- 
cer, despite castrate levels of testosterone (termed castration-resist- 
ant prostate cancer CRPC) is usually fatal. 

Castration resistance typically develops two to three years after 
starting androgen deprivation therapy and may be detected by a 
rising prostate-specific antigen (PSA) or the development of new 
metastases. Prostate cancer typically metastasizes to the bone; 
however, nodal and visceral disease is commonly seen. Significant 
morbidity related to skeletal metastases such as bone pain, spi- 
nal cord compression, and pathological fracture is common in 
advanced disease. In 2004, docetaxel chemotherapy was shown 
to improve survival in advanced CRPC and became the stand- 
ard of care for treatment of men with progressive, symptomatic 
disease. In the last six years, the immunotherapy sipuleucel-T, 
chemotherapy cabazitaxel, androgen biosynthesis inhibitor abira- 
terone acetate, alpha-emitting radioisotope radium-223, and the 
novel antiandrogen enzalutamide have all been shown to improve 
survival in randomized phase III studies.!-> The optimal use and 
sequencing of these new agents has yet to be determined and 
treatment paradigms for advanced prostate cancer are changing 
rapidly. 

The success of abiraterone and enzalutamide confirmed the 
hypothesis that advanced prostate cancer remains driven by 
androgen receptor (AR) signalling and that targeting this path- 
way remains an effective strategy for disease control. There is 
also evidence that tubulin-binding taxane chemotherapies inhibit 
AR signalling and thereby block AR nuclear accumulation.® The 
term ‘hormone-resistant prostate cancer’ is incorrect and has 
been replaced by CRPC. Using ‘maximal androgen blockade’ to 
describe the combination of a luteinizing hormone releasing hor- 
mone (LHRH) agonist with an antiandrogen such as bicalutamide 


is also inaccurate, as intratumoral androgen synthesis and andro- 
gens derived from adrenal steroid precursors continue to drive 
tumour growth. 


Targeting androgen receptor signalling 


CYP17 inhibition: abiraterone acetate 


A key enzyme in the androgen biosynthesis is CYP17, which has a 
dual function as a 17a-hydroxylase and 17,20-lyase. Non-specific 
CYP17 inhibitors, namely ketoconazole and aminoglutethimide, 
have modest activity in advanced prostate cancer but are not 
widely used due to their unfavourable side effect profiles.” 
Abiraterone acetate (abiraterone; Zytiga, Janssen) is a novel 
17a-hydroxylase and 17,20-lyase inhibitor.? Early clinical trials 
reported encouraging clinical activity with 250% PSA declines in 
50-60% of patients.!0-!3 Symptoms relating to mineralocorticoid 
excess (namely hypertension, hypokalaemia, and fluid retention) 
were the main side effects of abiraterone treatment and were suc- 
cessfully abrogated with the addition of low-dose glucocorticoids 
such as dexamethasone, prednisolone, or the mineralocorticoid 
receptor antagonist eplerenone. Two phase III trials in advanced 
prostate cancer have since been completed. In the post-docetaxel 
COU-301 trial, 1,195 patients with CRPC were randomized in a 
2:1 ratio to treatment with abiraterone plus prednisone/prednisol- 
one, or placebo plus prednisone/prednisolone. In this study, 30% 
of patients had received two lines of chemotherapy. The median 
overall survival (OS) on abiraterone was significantly longer than 
on placebo (interim analysis revealed a survival benefit of 3.9 
months (14.8 months vs. 10.9 months, hazard ratio (HR) 0.65, 
95% confidence interval (CI) 0.54-0.77) for abiraterone).? At 
final analysis the benefit had extended to 4.6 months.!4 The main 
drug-related side effects were mild to moderate. Symptoms of 
mineralocorticoid excess were more common in the abiraterone- 
treated patients, including fluid retention (31% vs. 22%, p = 0.04), 
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hypokalaemia (17% vs. 8% p < 0.001) and hypertension (10% vs. 8%). 
Subgroup analysis confirmed the benefit of abiraterone in eld- 
erly patients aged 275 (14.9 months vs. 9.3 months, HR 0.52, 
95% CI 0.38-0.71), in patients with visceral disease (12.6 months 
vs. 8.4 months HR 0.7, 95% CI 0.52-0.94), and in patients with 
significant baseline pain (worst pain 24 on brief pain inven- 
tory: 12.9 months vs. 8.9 months, HR 0.68, 95% CI 0.53-0.85). 
Abiraterone was licenced by the United States Food and Drug 
Administration (US FDA) in April 2011 and later that year in 
Europe for use in advanced prostate cancer following docetaxel- 
based chemotherapy. 

Abiraterone has also been approved for use in the pre-docetaxel 
setting following the publication of the COU-302 phase III trial in 
chemotherapy-naive patients. A total of 1,088 patients were ran- 
domized 1:1 to abiraterone plus prednisone/prednisolone (n = 
546) or prednisone/prednisolone and placebo (n = 542). The trial 
defined co-primary end points of radiographic progression-free 
survival (rPFS) and OS. The interim analysis, conducted after 311 
deaths, showed a statistically significant improvement in rPFS with 
abiraterone compared to placebo (median rPFS not reached (NR) 
vs. 8.3; HR 0.43, 95% CI 0.35-0.52). A strong trend for improve- 
ment in median OS with abiraterone was also reported (median 
OS NR vs. 27.2 m; HR 0.75, 95% CI 0.61-0.93).!5 The trial was 
unblinded based on the recommendations of the independent data 
monitoring committee, although this decision was contentious due 
to the failure of the survival analysis to meet the pre-specified level 
of significance. On longer follow-up, median survival in the abi- 
raterone group was 34.7 m versus 30.3 m on the prednisone arm, 
which was both clinically and statistically significant. !¢ 

Abiraterone is a well-tolerated oral therapy but requires regu- 
lar review and active management of toxicities related to min- 
eralocorticoid excess. Monitoring should include measurements 
of blood pressure, weight, potassium levels, and liver function 
tests. Abiraterone is a substrate of CYP3A4, therefore concomitant 
strong CYP3A4 inhibitors (such as clarithromycin) or inducers 
(such as phenytoin) should be avoided or used with caution. Early 
treatment discontinuation for rising PSA in the absence of clinical 
progression should be avoided. Additionally, early changes in bone 
scans may represent bone flares rather than disease progression.!” 

Orteronel (TAK-700, Takeda Phamarceuticals) is a novel inhibi- 
tor of androgen biosynthesis with greater selectivity for the 17,20- 
lyase, potentially allowing administration without concomitant 
corticosteroid medication. In a phase II trial of 97 chemotherapy- 
naive patients, orteronel was tested at different doses and 250% 
PSA declines were observed in 63%, 50%, 41%, and 60% in the 
300 mg twice daily, 400 and 600 mg twice daily with prednisone, 
and 600 mg once daily groups, respectively.!8 The most frequently 
observed side effects of Common Terminology Criteria for Adverse 
Events (CTCAE) grade 23 were fatigue (12%) and hypokalaemia 
(8%). Phase II clinical trials with orteronel combined with pred- 
nisolone were conducted in similar populations to the abiraterone 
301 and 302 trials. Both trials failed to meet the primary end point 
of improved OS and the further development of orteronel in CRPC 
was stopped.!9.2 


Next generation antiandrogen: enzalutamide 
and novel androgen receptor antagonists 


Antiandrogens compete with endogenous androgen ligand for 
the ligand-binding pocket of the AR. Second-generation AR 


antagonists have been rationally designed and selected to avoid 
agonist activity even in models overexpressing AR. 

Enzalutamide (MDV3100, XTANDI, Medivation) is a sec- 
ond-generation non-steroidal AR antagonist, approved for the 
treatment of advanced prostate cancer by the US Food and Drug 
Administration in August 2012. Enzalutamide was selected for 
development after demonstrating high affinity for the AR, inhibit- 
ing AR nuclear translocation and binding to DNA.! The Phase I-II 
clinical trial included 140 men with metastatic CRPC and reported 
encouraging antitumour activity such as >50% PSA declines in 
56% of patients.2* The pivotal double-blind phase III AFFIRM 
trial included 1,199 men pretreated with chemotherapy and rand- 
omized them in a 2:1 ratio to receive enzalutamide 160 mg/day or 
placebo. Enzalutamide treatment resulted in a 4.8-month improve- 
ment in survival (median OS 18.4 months vs. 13.6 months, HR 
0.631, 95% CI 0.53-0.75).4 The survival advantage was maintained 
in all subgroups, including patients with visceral disease (median 
OS of 13.4 months on enzalutmide vs. 9.5 months on placebo (HR 
0.78, 95% CI 0.56-1.09)). PSA declines of 250% were documented 
in 54% patients on enzalutamide compared to 2% on placebo. 
Enzalutamide showed superiority in secondary end points includ- 
ing soft tissue responses (29% vs. 4%), time to first skeletal-related 
event (SRE, 16.7 months vs. 13.3 months) and quality of life meas- 
urements. A low frequency of grade 23 events were reported on 
both study arms, including fatigue (6% vs. 7%), diarrhoea (1% vs. 
<1%) and hot flushes (no grade 3 events). Five men (0.6%) on enza- 
lutamide had seizures compared to none on the placebo arm, even 
though patients with a seizure history or known cerebral metasta- 
ses were excluded. Alternative aetiologies for seizures were identi- 
fied in several cases, including cerebral metastases (two patients) 
and concomitant centrally acting medications. Due to the possibil- 
ity that enzalutamide may lower the threshold for seizures, it was 
recommended to avoid enzalutamide in men with a history of sei- 
zures, stroke, or unexplained loss of consciousness and to consider 
concomitant medications. Patients who remain well despite PSA 
progression should continue on enzalutamide until documentation 
of radiographic progression. 

A second phase III trial in chemotherapy-naive men with CRPC 
(PREVAIL) randomized 1,717 patients to receive either enza- 
lutamide 160 mg daily or placebo. The study was stopped after a 
planned interim analysis showed improved rPFS at 12 months of 
65% in the enzalutamide arm compared with 14% in the placebo 
arm (HR 0.19, 95% CI 0.15-0.23). At the time of analysis, 72% of 
patients in the enzalutamide arm were alive compared with 63% 
of the patients in the placebo arm (HR 0.71, 95% CI 0.6-0.84).”3 
Regulatory approval for the use of enzalutamide for CRPC in the 
pre-chemotherapy setting was granted in 2014. 

ARN-509 (apalutamide, Aragon Pharmaceuticals, Inc.) is a 
second-generation AR antagonist that has structural similarity to 
enzalutamide. Preliminary data from a phase I trial showed durable 
PSA declines at doses between 30-300 mg/day.” It has been pos- 
tulated that this agent has lower central nervous system penetration 
and may be associated with a lower risk of seizures. Clinical trials 
are ongoing, including a randomized phase III study in combin- 
ation with abiraterone. 


Androgen receptor splice variants 


Mechanisms of resistance to AR-targeted therapies include AR 
gene amplification or overexpression, gain of function mutations 


involving the AR ligand-binding domain and AR splice variants, 
among others.”° The presence of AR splice variants, particularly the 
AR-V7, has been correlated with both primary and acquired resist- 
ance to abiraterone and enzalutamide.7®” Ongoing studies are val- 
idating the AR-V7 variant as a treatment-selection biomarker and 
investigating the strategy of targeting the N-terminal domain of the 
AR in order to overcome this mechanism of resistance.*® 


Cytotoxic chemotherapy 


Docetaxel 


For more than a decade, chemotherapy has been regarded as a 
standard of care for men with CRPC. The pivotal trial establishing 
docetaxel as the first-line chemotherapy of choice was the phase III 
TAX-327 trial, which enrolled 1,006 men and tested docetaxel with 
prednisone, in either a weekly or three-weekly schedule, against 
the previous standard of mitoxantrone. Considering the primary 
survival analysis, the superior three-weekly schedule of docetaxel 
resulted in median OS of 18.9 months, compared to 16.5 months 
with mitoxantrone (HR 0.76, p = 0.009).?° Docetaxel treatment was 
also associated with improvements in pain and quality of life. 

Although docetaxel has been widely used since the publica- 
tion of TAX-327 in 2004, a number of aspects regarding its use 
remain unclear. The schedule is usually continuous; intermittent 
dosing according to PSA response has also been proposed, but 
never formally compared to continuous treatment.3°! Likewise 
the optimal number of cycles remains unclear, with anecdotal 
reports of ongoing benefit for patients treated beyond 10 cycles.*? 
Translational research focused on earlier assessment of response 
has included enumeration of circulating tumour cell (CTC) counts 
on chemotherapy. An exploratory analysis in a prospective study of 
276 CRPC patients suggested that conversion from unfavourable 
(defined as >5 CTC/7.5 mL blood) to favourable counts (<5 CTC/ 
7.5 mL blood) was associated with OS similar to that of patients 
with favourable counts throughout.*3 CTC counts on chemother- 
apy appeared superior to PSA in predicting OS. 

A number of phase III trials have attempted to improve on the 
benefit achieved with docetaxel alone; however, none have shown 
positive results or impacted the standard schedule. Docetaxel 
retreatment may be considered an acceptable second-line therapy 
in men who had a good response to initial treatment. There is phase 
II trial evidence to support this strategy, demonstrating 250% PSA 
declines in 25-48% patients,*43° but as yet there is no level I evi- 
dence from a prospective randomized trial. 


Cabazitaxel 


Cabazitaxel (Jevtana, Sanofi-Aventis) is a semi-synthetic taxane 
compound that was selected for further development after preclin- 
ical studies suggested activity in docetaxel-resistant cell lines. Two 
phase I studies were performed in patients with solid tumours and 
showed that neutropenia was the primary dose limiting toxicity at 
25-30 mg/m?.*4-37 The formally published phase I trial included 
eight men with CRPC and two of these men achieved radiographic 
partial responses accompanied by >50% PSA declines. 

Following this encouraging early-phase activity, the phase II 
TROPIC trial was performed. TROPIC was an open-label study in 
755 men with progressive CRPC following docetaxel. More than 
70% of participants had progressed on or within three months 
of completing docetaxel treatment. Men were randomized 1:1 
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to receive prednisone with either cabazitaxel or mitoxantrone.? 
Cabazitaxel treatment resulted in median OS of 15.1 months, a 
2.4-month improvement compared to mitoxantrone (HR 0.70, 
p <0.0001). Patients received a median of six cycles of cabazitaxel 
on trial, compared to four cycles of mitoxantrone. Planned analysis 
showed maintenance of cabazitaxel benefit across all subgroups, 
including patients who progressed on docetaxel. Secondary end 
points of pressure flow studies, time to progression, and response 
by PSA and imaging were significantly improved by cabazitaxel. 
Quality of life was not examined in the TROPIC study, but was 
explored in an early access programme within the United Kingdom, 
which suggested that cabazitaxel treatment led to improvement 
in pain control and preservation of quality of life.3® Cabazitaxel 
received FDA approval in June 2011 as the second-line treatment 
in men with metastatic CRPC. 

Cabazitaxel treatment in the TROPIC study appeared gener- 
ally well tolerated, with a toxicity profile that included neutro- 
penia (grade 3/4 in 303 patients; 82%) with febrile neutropenia in 
28 patients (8%). Other grade 3/4 toxicities reported in at least 5% 
cabazitaxel recipients included anaemia (39 patients, 11%), diar- 
rhoea (23 patients, 6%), fatigue (18 patients, 5%), and asthenia (17 
patients, 5%). Neutropenia and diarrhoea were key contributors to 
treatment-related mortality of almost 5%, with additional risk fac- 
tors of older age and prior radiotherapy. Neuropathy is rare with 
cabazitaxel. Geographic variation in treatment-related mortality 
was observed, likely reflecting differences in febrile neutropenia 
management and supportive care. The TROPIC study did not allow 
primary prophylaxis with granulocyte colony stimulating factor 
(G-CSF), but supplementary data recommended consideration of 
primary prophylaxis for high-risk patients, as well as therapeutic 
G-CSF and secondary prophylaxis for patients at increased risk of 
neutropenic complications. 

The phase III PROSELICA trial compared cabazitaxel at 20mg/ 
m? to 25mg/m? and demonstrated non-inferiority for OS with an 
improved safety profile for the lower dose.*? Cabazitaxel was also 
tested in the first-line setting compared to docetaxel in the phase 
III FIRSTANA study however failed to demonstrate superior OS.40 

The optimal number of cabazitaxel cycles has not been defined, 
with a maximum of 10 cycles mandated in the TROPIC study and 
no data regarding benefit from more prolonged treatment. 


Immunotherapy 


Sipuleucel-T 

The approval of sipuleucel-T (Provenge®, Dendreon) by the US 
FDA for prostate cancer in April 2010 heralded the first antigen- 
specific immunotherapy to be approved for cancer treatment. 
Sipuleucel-T is individually manufactured for each patient in a 
process that involves harvesting peripheral-blood mononuclear 
cells (PBMCs), ex vivo incubation with a chimeric protein link- 
ing granulocyte-macrophage colony stimulating factor (GM-CSF) 
to prostatic acid phosphatase (PAP) and subsequent reinfusion to 
stimulate an immune response against cancer cells carrying the 
PAP antigen. Three intravenous infusions are given over a four- 
week period. 

In a randomized phase III trial involving 512 patients with 
asymptomatic or minimally symptomatic CRPC, median OS was 
25.8 months in the sipuleucel-T group, compared with 21.7 months 
in the placebo group (unadjusted HR 0.77; 95% CI 0.61-0.97, 
p = 0.02).! There was no difference in time to objective or clinical 
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disease progression between the two study arms. There is ongoing 
controversy regarding the trial design and validity of the IMPACT 
trial results.4! Adverse events occurring more frequently in the 
sipuleucel-T group included chills, fever, and headache; there were 
no reports of anaphylaxis following infusion of sipuleucel-T and no 
evidence of autoimmune adverse events. The high cost of $93,000 
for a one-month course of treatment has impacted the uptake of 
sipuleucel-T.” 


Other immuno-oncology agents 


The modulation of immune checkpoints that cause cancer immune 
tolerance is an attractive therapeutic strategy. The targeting of 
cytotoxic T lymphocyte-associated receptor 4 (CTLA-4) and 
programmed death 1 (PD-1) are particularly attractive and have 
become standard of care agents in other solid tumours including 
melanoma, renal cell carcinoma, and lung cancer. CTLA-4 and PD- 
1 are both members of the CD28 family of co-receptors that nega- 
tively regulate T-cell responses. 

Ipilimumab (Yervoy’, Bristol-Myers Squibb/Medarex) is a 
humanized anti-CTLA4 antibody that has been investigated for 
the treatment of prostate cancer. Two phase III trials were con- 
ducted in CRPC. The first compared ipilimumab and placebo 
following radiotherapy in patients with mCRPC who progressed 
following docetaxel chemotherapy and a second trial was per- 
formed in chemotherapy-naive patients with metastatic CRPC.4445 
Unfortunately, both trials with ipilimumab failed to meet the pri- 
mary end point of improved overall survival. 

PD-1 inhibition: A PD-1 antagonist nivolumab (MDX- 
1106,Bristol-Myers Squibb) has shown promising clinical activity 
in a phase 1 trial of 15 men with CRPC, with partial response in 
one patient (6.7%) and stable disease (>4 months) in three patients 
(20%).4° Further studies of this agent and other PD-1 inhibitors are 
planned. 


Bone-directed therapy 


Bone metastases are a major cause of prostate cancer-specific 
morbidity and mortality. The treatment and prevention of SREs 
in prostate cancer is a priority and bone-targeted agents have the 
potential to impact both symptoms and survival in advanced dis- 
ease. Bisphosphonates such as zoledronic acid*” and bone-targeted 
radiopharmaceuticals such as samarium-153 and strontium-89 
are used as monotherapy and in combination with chemotherapy 
(zoledronic acid).4849 Novel approaches to bone-targeted therapy 
include an alpha-emitting radiopharmaceutical radium-223 and 
receptor activation of nuclear factor kappa-B ligand (RANK-L) 
inhibitors. 


Radium-223 


Radium-223 chloride (Xofigo, Bayer) is a novel bone-targeting 
alpha-emitting agent that improved survival in patients with CRPC 
and symptomatic bone metastasis. The phase I] ALSYMPCA 
study enrolled CRPC patients with symptomatic bone metastases, 
no evidence of visceral disease or significant lymphadenopathy and 
who had either received docetaxel or were deemed unfit for doc- 
etaxel chemotherapy. A planned interim analysis showed median 
OS of 14 months with radium-223 compared to 11.2 months with 
placebo (HR = 0.695, 95% CI 0.55-0.88, two-sided p = 0.00185), 
so the trial was halted and patients on the placebo arm offered 


radium-223. All of the secondary end points were improved with 
radium-223 treatment, including time to first symptomatic skel- 
etal event (15.6m vs. 9.8m, HR 0.66, p <0.001) and improvement in 
bone turnover markers. Radium-223 appeared to be well tolerated 
with low frequencies of myelosupression (grade 3/4 neutropenia 
2.2% vs. 0.7% and grade 3/4 thrombocytopenia 6.3% vs 2% in the 
radium-223 and placebo arms, respectively).> Studies combining 
radium-223 with chemotherapy and AR pathway targeted thera- 
pies are underway. 


Denosumab 


RANK signalling has been identified as a potent stimulus for osteo- 
clast proliferation and bone resorption. Denosumab (Xgeva’, 
Amgen) is a fully humanized monoclonal antibody-targeting 
RANK-ligand that has recently been shown to be superior to 
zoledronic acid in preventing or delaying SREs in patients with 
bone metastases from CRPC.°° A large double-blind phase III 
non-inferiority study randomized 1,904 patients to denosumab 
120 mg subcutaneously monthly or zoledronic acid 4 mg intra- 
venously monthly. The primary composite end point was time to 
SRE as defined by pathological fracture, radiotherapy to bone, sur- 
gery to bone, or spinal cord compression. The adverse event profile 
was similar in both arms. Denosumab was shown to be superior 
to zoledronic acid for prevention of SRE (median time to SRE 
20.7 months vs. 17.1 months; HR 0.82, p = 0.008).°° A separate 
phase III placebo-controlled study demonstrated that denosumab 
significantly improved bone metastasis-free survival in men with 
CRPC (29.5 vs. 25.2 months, HR 0.85 95% CI 0.73-0.98, p = 0.028), 
however there was no improvement in OS.°! 

Denosumab has advantages over zoledronic acid including ease 
of subcutaneous administration and reduced requirement for renal 
monitoring, however drug-related costs are significantly higher. 
Importantly the risk of osteonecrosis of the jaw, a well-known side 
effect of bisphosphonate treatment with significant impact on qual- 
ity of live was reported to be 2.3% on denosumab compared to 1.3% 
on zoledronic acid. The cost per quality of life adjusted year (QALY) 
gained with denosumab has been estimated at $1.25 million.*? 
Denosumab was approved by the US FDA in November 2010 for 
the prevention of SREs from solid tumours. Both denosumab and 
zoledronic acid are considered standard therapies for patients with 
symptomatic bone metastases. 


Targeting intracellular signalling 


Cabozantinib (XL184, Exelixis) is a small-molecule inhibitor of 
MET, VEGFR2, AXL, RON, and other molecular targets. Although 
cabozantinib appeared promising in preliminary CRPC trials, with 
striking pain palliation and bone scan responses observed, the 
post-docetaxel phase III COMET-1 study failed to demonstrate a 
survival advantage and development in CRPC was halted. 

In AKT inhibition, the phosphoinositide 3-kinase (PI3K)-AKT- 
mammalian target of rapamycin (mTOR) signalling pathway plays 
a central role in cell growth and survival. This intracellular signal- 
ling pathway is activated in most advanced prostate cancers, largely 
through loss of the negative regulator PTEN. Inhibition of either 
PI3K/AKT/mTOR or AR signalling can drive reciprocal activation 
of the other pathway providing the rationale for combining AKT 
and AR inhibitors in CRPC.°4 Data from a randomized phase II 
study of the oral AKT inhibitor ipatasertib plus abiraterone versus 


abiraterone alone in CRPC suggest that patients with tumours 
showing loss of PTEN may derive significant benefit from the com- 
bination strategy.” Further studies are planned using PTEN loss as 
a treatment-selection biomarker. 


Response assessment in castration-resistant 
prostate cancer 


The clinical spectrum of prostate cancer is such that only a minor- 
ity of patients with metastatic disease will have measurable disease 
on cross-sectional imaging. The majority of patients with meta- 
static CRPC have only skeletal disease that can be challenging to 
objectively quantify. PSA can be an informative marker of disease 
progression, however PSA changes in response to systemic treat- 
ment cannot be reliably used as a surrogate for clinical benefit or 
survival.>° 

In 1999, the Prostate-Specific Antigen Working Group (PCWG1) 
produced the first consensus recommendations for the conduct of 
clinical trials in prostate cancer,°” which were followed in 2000 
by the introduction of the Response Evaluation Criteria in Solid 
Tumors (RECIST).°® Since the publication of these guidelines, 
advances have been made in our understanding of the biology 
of prostate cancer and with the advent of both AR-directed and 
molecularly targeted therapies. Updated recommendations for 
these were published in 2008 (PCWG2).°° PCWG2 recognized that 
cytotoxic agents typically produce PSA responses and regression 
of target lesions, whereas non-cytotoxic agents slowing tumour 
growth, inhibiting bone destruction, or targeting angiogenesis 
may not. The most recent recommendations (PCWG3) emphasize 
the need for biomarker-driven studies with serial biologic profil- 
ing of disease to better enable treatment selection based on disease 
biology. 

Despite the use of software designed to quantify changes in bone 
scan uptake, bone scintigraphy remains a relatively crude method 
for the assessment of treatment response in metastatic CRPC. New 
imaging techniques using diffusion-weighted magnetic resonance 
imaging (MRI)®! and positron emission tomography/computed 
tomography (PET/CT) using choline and prostate-specific 
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membrane antigen (PSMA) are being developed to improve the 
assessment of bone metastases in prostate cancer.®* Guidance for 
response assessment in clinical practice have been incorporated in 
the recommendations of the St Gallen Advanced Prostate Cancer 
Consensus Conference (APCCC).°3 

The use of circulating biomarkers such as CTCs or circulating 
tumour-DNA for treatment selection and response assessment is 
an area of active research. Despite the use of software designed to 
quantify changes in bone scan uptake, bone scintigraphy remains a 
relatively crude method for the assessment of treatment response 
in metastatic CRPC. 

CTC enumeration has been included as an efficacy-response 
question in a number of ongoing phase III trials and it is hoped 
that this will provide an early signal of treatment effect on which to 
inform clinical decisions. An early, validated surrogate end point 
could form the basis of regulatory approval in a time and cost- 
efficient manner, allowing faster access to active treatments for 
patients. Specific biomarkers associated with response to all treat- 
ment modalities are urgently required to guide treatment selection 
and sequencing. 


Conclusion 


With five novel therapies shown to improve survival in advanced 
CRPC in the last six years, the pace of drug development in this 
field is unprecedented (Table 6.12.1). The successes of abira- 
terone acetate and enzalutamide have conclusively shown that 
AR signalling remains a key driver of advanced prostate cancer. 
Median survival from a diagnosis of CRPC was 13-19 months in 
the pre-docetaxel era and is now exceeding 30 months with novel 
treatments.o4® 

The clinical heterogeneity of prostate cancer has long been appre- 
ciated and we are now developing the tools to dissect the molecu- 
lar heterogeneity of this disease. With so many therapeutic options 
now in the clinic and under investigation in clinical trials, strategies 
for treatment selection, combination, and sequencing are urgently 
required. 


Table 6.12.1 Phase Ill clinical trials demonstrating improved overall survival in metastatic castration resistant prostate 


cancer (mCRPC) 

Trial Disease state Trial design HR Median survival (m) Reference 

TAX327 mCRPC Docetaxel/prednisone vs. 0.76 18.9 vs. 16.5 Tannock (2004)?? 
= 1,006 mitoxantrone/ prednisone 

MPACT Pre-chemotherapy Sipuleucel-T vs. control 0.78 25.8 vs. 21.7 Kantoff (2010)! 

= Sy b's mCRPC 

TROPIC mCRPC Cabazitaxel/prednisone vs. 0.70 SINS 127 de Bono (2010)? 
S55 Post-docetaxel mitoxantron/prednisone 

COU-AA-301 mCRPC Abiraterone/prednisone vs. 0.65 5.8 vs. 11.2 de Bono (2011)? 
= 1,195 Post-docetaxel placbo/prednisone 

ALSYMPCA mCRPC Radium-223 vs. placebo 0.70 4 vs. 11.2 Parker (2012)> 
= 922 Post-docetaxel or unfit 

or docetaxel 

AFFIRM mCRPC Enzalutamide vs. placebo 0.63 8.4 vs. 13.6 Scher (2012)4 

= 1,199 Post-docetaxel 
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CHAPTER 6.13 


Bladder and upper 
urinary tract cancer 


Maria E. Goossens, Frank Buntinx, 
and Maurice P. Zeegers 


Epidemiology, pathology, and demographics 


Introduction to bladder cancer 


Cancer of the bladder is estimated to be the ninth most common 
cause of cancer worldwide (382,660 cases in 2008)! and the thir- 
teenth most frequent cause of death from cancer (145,000 deaths). 
It is relatively common in developed countries, where 63% of cases 
occur, and where it ranks sixth in frequency (225,000 cases), with 
high rates in North America and Europe, where 59% of all incident 
cases occur. The majority (77%) of the patients who suffer from 
bladder tumours are male. Population-based five-year survival 
rates range from 40% to 80% depending on whether non-invasive 
lesions are included in the computation.” 

The most common histological type in Western countries is 
transitional cell carcinoma (TCC), which comprises some 95-97% 
of cancers in European populations. In Africa, the majority of 
bladder cancers are also TCCs. Substantial proportions of squa- 
mous cell carcinomas (SCC) are observed in Zimbabwe (37.8%) 
and Egypt (19,9%) related to the prevalence of infection with 
Schistosoma haematobium (Bilharziasis).? In South Africa, the 
national pathology-based registry shows marked differences in 
histology between blacks (36% SCC, 41% TCC) and whites (2% 
SCC, 94% TCC).? 

In the United States and probably in most Western countries, 
urinary bladder cancer (UBC), has the greatest per-patient lifetime 
cost for cancer in terms of healthcare expenditure* compared to 
all other types of cancer. The annual cost of care for all patients 
with muscle-invasive bladder cancer (MIBC) is 70% more than for 
patients with non-muscle-invasive bladder cancer (non-MIBC). 
The mean, annual post-diagnosis continuing care costs per case is 
$4,975, $7,100, and $17,437 for those with CIS- Ta, T1, and MIBC. 
The major cost drivers, regardless of disease stage, are diagnostic/ 
surveillance and complications, accounting for up to 43% and 37% 
of bladder cancer care costs, respectively.’ 

We reviewed the main established risk factors associated with 
bladder cancer aetiology. Data were extracted from previous 
reviews and meta-analyses and original articles identified from 
PubMed searches, reference lists, and book chapters dealing with 
the reviewed topics. 


Pathology 


Worldwide, UBC, formerly known as transitional cell carcinoma, 
is the most prevalent histological type of bladder tumour (80%) 


(Fig. 6.13.1). Bilharziasis is the leading cause of squamous cell carcin- 
oma worldwide, with the highest incidence in Egypt (up to 59% of all 
bladder cancer cases). A lag period of approximately 30 years has been 
reported between bilharzial infection and subsequent development of 
the disease. The median age of SCC is 46 years. The male-to-female 
ratio is 5:1. Primary SCC in the non-bilharzial bladder is uncommon, 
accounting for 2% to 5%. Patients with spinal cord injury represent 
the largest group of patients affected by SCC in non-Bilharzia regions. 
SCC also is likely to occur in patients with chronic inflammatory 
disorders of the bladder, persistent calculi, chronic cystitis, and blad- 
der diverticuli, and the overall five-year survival rate is poor (16%). 
Adenocarcinoma of the bladder is the third most common histologic 
type of bladder carcinoma. It accounts for 0.5% to 2.0% of all blad- 
der tumours. It is the most common tumour arising in the bladder 
of patients with exstrophy. Adenocarcinoma of the bladder may also 
occur in association with schistosomiasis, endometriosis, bladder aug- 
mentation, and other irritative conditions of the urinary bladder. The 
mean patient age at diagnosis is around 66 years. Adenocarcinoma 
is virtually always invasive and has a 5-year survival rate of 19%.” 
Small-cell carcinoma of the bladder (SCCB) is rare (incidence of 0.7%), 
highly aggressive, and diagnosed mainly at advanced stages. The 
majority of patients are male, with the mean sex ratio equal to 5:1. The 
mean age at time of first diagnosis is 67 years. Histological tests show 
a tumour, which is indistinguishable from small-cell lung carcinoma. 
Most patients are diagnosed with an advanced stage. Up to 70% of 
SCCB is associated with TCC. The overall five-year survival rate in all 
stages is 19% due to high metastatic potential and lack of symptoms in 
earlier stages of the disease.°-!0 Keratinizing squamous metaplasia is 
infrequently, and its clinical significance remains unclear, with stud- 
ies linking it to the development of invasive SCC. Both synchronous 
diagnosis of urothelial tumour (up to 22%) and subsequent tumour 
development on follow-up has been identified.!! Inflammatory myofi- 
broblastic tumour of the genitourinary tract should be considered a 
neoplasm of uncertain malignant potential.!* Micropapillary urothe- 
lial carcinoma of the urinary bladder is a rare anatomico-pathological 
variant of aggressive behaviour.!4 

The scope of this chapter is mainly on TCC, seen the great preva- 
lence of TCC worldwide and since most studies examined risk fac- 
tors on TCC. 


Carcinogenesis 


Superficial bladder cancer (non-MIBC) encompasses patients with 
stage Ta T1 tumours and patients with carcinoma in situ (CIS) (70% 
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at first diagnosis). The WHO grading of 1973! distinguishes well- 
differentiated tumours that have orderly arrangement of normal 
cell lining delicate papillae as grade 1 tumours, moderately differ- 
entiated tumours that have some focal variation in nuclear appear- 
ance as grade 2 tumours and poorly differentiated tumours that 
have the most extreme nuclear abnormalities as grade 3 tumours. 
Both grade 2 and 3 are high-grade tumours in the WHO grading 
of 2004.1 Both grading systems are still in use.!° The current TNM 
classification!” of UBC describes Ta tumours as non-invasive and 
papillary, confined to the mucosa, CIS, as a flat tumour confined 
to the mucosa too, and T1 invasive tumours that invade the sub- 
epithelial connective tissue. Ta tumours account for approximately 
70% of superficial TCC. Carcinoma in situ is a flat intraepithelial 
carcinoma and is characterized by flat disordered proliferation of 
cells with marked cytological abnormalities. CIS is a high-grade 


tumour and comprises approximately 10% of all cases of UBC. T2 
and higher lesions are muscle-invasive tumours (MIBC). These 
patients are treated with radical cystectomy as they are at increased 
risk of lymph node, distant metastases, and death from UBC.!8 
The most important prognostic factors for recurrence are the 
prior recurrence rate, the number of tumours, and the tumour size; 
whereas for progression, the most important prognostic factors 
are staging, grade, and presence of CIS. Treatment with intravesi- 
cal Bacillus Calmette-Guérin reduces both the risk of recurrence 
and the risk of progression, and is the treatment of choice for high- 
risk papillary tumours and for patients with CIS. Natural history 
of patients with superficial bladder cancer differs between patients 
with only stage Ta T1 TCC and patients with CIS. Without intra- 
vesical treatment after transurethral resection (TUR), 47% of the 
patients recurred and 9% progressed to muscle-invasive disease 


based on a median follow-up of about five years. Approximately 
one-third of the patients died and one-third of the deaths were 
due to malignant disease. On the other hand, CIS, which cannot 
be eradicated by TUR alone, has a much higher progression rate. 
Fifty-four per cent (54%) of these patients progressed to muscle- 
invasive disease. Intravesical chemotherapeutic agents such as 
thiotepa, doxorubicin, epirubicin, and mitomycin C prolong the 
time of the first recurrence and reduce the risk on recurrence by 
20% and increase the eight-year disease-free rate to 45%. However, 
intravesical chemotherapy had no effect on delaying or preventing 
progression to muscle-invasive disease. !° 

Men have a 3,7% risk of developing UBC. They are at a three 
to four times higher risk than women for developing UBC, while 
women present more advanced diseases (71% versus 63% with non- 
MICB).?° Women have more multifocal (50% vs. 29%, p = 0.005) 
and larger tumours (5.2 vs. 3.8 cm, p = 0.03). There is no uniform 
theory to explain the differential presentation and behaviour of 
UBC between genders.*!2 

Age is now widely accepted as the greatest single risk factor for 
developing UBC. The median age at diagnosis is 70 years. The peak 
incidence of UBC occurs at 85 years old.’ Mortality from UBC 
is also higher for the elderly. The ratio of cancer-specific mortal- 
ity to incidence for men and women in the USA aged 65-69 years 
is 14% and 18%, respectively, whereas for men and women age 
80-84 years it is 30% and 37%, respectively (SEER, 1973-97).?! 
UBC rarely occurs below the age of 40 years. Below the age of 
40 years UBC is more common in male patients. It starts mainly 
with gross painless haematuria, is more commonly located at blad- 
der trigone/ureteral orifices and has a greater chance for unifocal- 
ity, low-grade, and low-stage tumours.*4 


Risk factors 


A rating system, adapted from the World Cancer Research Fund.”° 
has been used to summarize the level of scientific evidence for each 
risk factor; it consists of five levels: convincing, probable, limited 
suggestive, limited-no conclusion, and substantial effect on risk 
unlikely. The rating has been based on the number of epidemiologic 
studies (cohort and/or case-control studies) showing consistent 
associations and whether or not supportive mechanistic evidence 
(biologically plausible and supportive laboratory evidence) is pre- 
sent (Table 6.13.1). The level of association is based on the previous 
results of published meta-and pooled analyses of case-control and 
cohort studies. The levels of association are categorized as substan- 
tially increased risk (RR = 2.5), moderately increased risk (1.5 < RR 
<2.5), slightly (or small) increased risk (1.2 < RR <1.5), no associ- 
ation (0.8 < RR <1.2), slightly (or small) decreased risk (0.7 < RR 
<0.8), moderately decreased risk (0.4 < RR <0.7), and substantially 
decreased risk (RR <0.4). We constructed a matrix in which the lev- 
els of evidence were combined with the levels of association (Table 
6.13.2). 


Occupational exposure 


It is estimated that 20-27% of bladder cancers are attributable to 
occupational exposures.”° There is convincing evidence for a slightly 
increased risk of UBC for miners (SRR= 1.31 (95% CI, 1.09-1.57)), 
bus drivers (SRR = 1.29 (95% CI, 1.08-1.53)), rubber workers 
(SRR = 1.29 (95% CI, 1.06-1.58)), motor mechanics (SRR = 1.27 (95% 
CI, 1.10-1.46)), leather workers (SRR = 1.27 (95% CI, 1.07-1.49)), 
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Table 6.13.1 Summary of levels of evidence for aetiological risk factors 
for disease adapted from the World Cancer Research Fund (2007) 


Level of No. of studies Supportive 
evidence mechanistic evidence 
Convincing At least two independent cohort Yes, and strong and 
studies and case-control studies plausible experimental 
evidence 
Probable At least two independent cohort Yes 
studies, or at least five case— 
control studies 
Limited— At least two independent cohort Yes 
suggestive studies, or at least five case— 
control studies (heterogeneity 
present) 
Limited—no No sufficient studies available, Yes/No 
conclusion effect inconsistent 
Substantial At least two independent cohort No 
effect on risk studies and case-control studies 
unlikely 


Source: data from World Cancer Research Fund and American Institute for Cancer 
Research, Food, Nutrition, Physical Activity, and the Prevention of Cancer: a Global 
Perspective, American Institute for Cancer Research (AIRC), Washington, USA, Copyright 
© 2007. 


blacksmiths (SRR = 1.27 (95% CI, 1.02-1.58)), mechanics (SRR = 1.21 
(95% CI, 1.12-1.31)), hairdressers (SRR = 1.23 (95% CI, 1.11-1.37)), 
and a probable evidence for a slightly increased risk of UBC machine 
setters (SRR = 1.24 (95% CI, 1.09-1.42)).*” For hairdressers, holding 
their job more than 10 years, there is a moderately increased risk 
(1.70 (95% CI, 1.01-2.88)).28 There is convincing evidence, based on 
a meta-analysis, including more than 2,900 incident cases or deaths 
from bladder cancer among painters reported in 41 cohort and 30 
case-control studies for a slightly increased risk of UBC (SRR = 1.25 
(95% CI 1.16-1.34)). Furthermore, exposure-response analyses sug- 
gested that the risk increased with duration of employment.”? For 
workers in the petroleum industry, there is probable evidence for a 
slightly increased risk based on the pooled risk of eight case-control 
studies (OR = 1.4 (95% CI, 1.27-1.54)).°° There is probable evidence 
for a slightly increased risk of UBC for workers in aluminium pro- 
duction (pooled RR = 1.29, 95% CI 1.12-1.49; 8 cohort studies) and 
in the iron and steel foundries (pooled RR = 1.29, 95% CI 1.06-1.57; 
7 cohort studies), a moderately increased risk for workers in the coal 
gasification (pooled RR = 2.39, 95% CI 1.36-4.21; 2 cohort stud- 
ies).*! There is convincing evidence for firefighters after 40 or more 
years of employment, that their risk of UBC mortality was signifi- 
cantly increased for bladder cancer, SRR = 5.7 (95% CI, 1.56-14.63). 
There is probable evidence for a slightly decreased risk of UBC for 
farmers based on meta-analyses of cancer mortality and incidence 
surveys with 29 studies reported (RR = 0.79). 

The International Agency for Research on Cancer (IARC) has 
classified specific aromatic amines such as 4-aminobiphenyl, 
arsenic, benzo[a]pyrene, benzidine and N,N-bis(2-chloroethyl)- 
2-naphthylamine (chlornaphazine) as carcinogenic to humans and 
4,4'-methylenebis(2-methylaniline) and ortho-toluidine as possible 
carcinogenic to humans. Rubber and aluminium industries and 
both magenta and auramine manufacturing expose to carcino- 
genic circumstances while petroleum refining and petrochemical 


574 


Table 6.13.2 Levels of evidence and levels of association for risk factors (exposed vs. not exposed) for UBC 


Evidence Convincing Probable Limited suggestive | Limited—no conclusion Substantial effect 
on risk unlikely 

Substantially increased Men Bilharziasis Phenacetine Organ transplantation 

icka 

HE Smoking Renal cell cancer UTI 


Human papilloma virus 


Users of menopause hormone 
replacement therapy 


Cyclophosphamide 


Salted meat 


Barbecued meat 


Soy products 


Spices 
Moderately increased Prostate cancer Coal gasification Dialysis Hair dyes 
risk? Arsenic GSTP1 Gonorrhoea 
Radiation Urinary tract stones 
Personal hair dye use 
Slightly increased risk® Coffee consumption men Tap water Asthma 
Uterus cancer Machine setters Miners 
Diabetesmellitus Petroleum industry Bus drivers 


Painters 


Aluminium production 


Firefighters (>40 years of work) 


Iron and steel founderies 


rs9642880[T] 


NAT2 slow acetylation 


1s798766[T] 


Rubber workers 


Motor mechanics 


Leather workers 


Blacksmiths 


Mechanics 


Hairdressers 


Disinfection by-products in 
drinking water 


rs2736100[C] 
No association{ Coffee consumption women Paracetamol Waterpipe smoking Syphilis 
Alcohol Fruit Green tea Phenobarbital 
Fish Vegetables Other tea Isoniazid 
Tea ERCC2 D312N Decaffeinated coffee Chlonaphazine 
NSAIDs NBN E185Q Asperin 
Physical activity XPC A499V Total fluid 
Nickel 
Slightly decreased risk® Farmers 


Moderately decreased 
risk? 


Selenium 


Dietary acrylamide 


Vitamines 


Citrus fruit 


Carrots 


Substantially 
decreased risk& 


ARR 22.5. 

b1,5 < RR <2.5. 
€12 < RR <1.5. 
40.8 < RR <1.2. 
£07 < RR <0.8. 
f0.4 < RR <0.7. 
BRR <0.4. 


manufacturing and exposure to diesel exhaust expose to probably 
carcinogenic circumstances. Occupational exposure as a barber 
or hairdresser is listed as probably carcinogenic exposure circum- 
stances, while dry cleaning is listed as possible.?632 


Environmental factors 


Contaminants in drinking water 

Several contaminants in drinking water are associated with an 
increased risk of UBC. A WHO report?’ states that arsenic expos- 
ure via drinking water is related to UBC. There is sufficient evi- 
dence in humans that arsenic in drinking water causes cancers of 
the urinary bladder.*4 Although there is convincing evidence that 
exposure to high levels of arsenic in drinking water is associated 
with a moderately increased UBC risk,*> lower exposures (e.g. 
<100-200 microg/L) generally are not. Disinfection by-products 
in drinking water and swimming pools are formed when disinfect- 
ants (chlorine, ozone, chlorine dioxide, or chloramines) react with 
naturally occurring organic matter, anthropogenic contaminants, 
bromide, and iodide during the production of drinking water. 
A recent epidemiologic study found that much of the risk for blad- 
der cancer associated with drinking water was associated with 
three factors: Trihalomethane (THM) levels, showering/bathing/ 
swimming (i.e. dermal/inhalation exposure), and genotype (having 
the GSTT1-1 gene). There is limited, non-conclusive evidence for a 
slightly increased risk between nitrate in drinking water and UBC. 
There were positive associations for bladder cancer with relative 
risks across nitrate quartiles = 1, 1.69, 1.10, and 2.83.36 


Radiation 

A UN report from 2000 reported that there is convincing evidence 
of a relation between radiation exposure and bladder cancer risk, 
based on the atomic bomb survivor data, especially for women 
(RR = 1.74 (95% CI, 0.71-3.22)). Several populations medically 
exposed to radiation for benign or malignant diseases also showed 
an increased risk of bladder cancer.*” 


Lifestyle factors 


Tobacco 

Tobacco smoking is the main known cause of UBC in humans 
(Fig. 6.13.2). An association has been observed in epidemiological 
studies conducted since the late 1950s, and its causal nature was 
established in the 1980s.3® According to the meta-analysis of 35 
case-control and eight cohort studies of Zeegers et al.*° cigarette 
smoking was accounting for a more than threefold higher risk for 
men (OR = 3.18 (95% CI 2.35, 4.29) and nearly a threefold higher 
risk for women (OR = 2.90 (95% CI 2.01, 4.19). The IARC ana- 
lysed the data of 42 case-control and 24 cohort studies report- 
ing on cigarette smoking and cancer of the lower urinary tract. 
The 24 cohort studies consistently showed an excess of deaths 
from UBC among smokers (RR between 3.0 and 5.4 for smokers 
of 20 or more cigarettes/day). Also, the starting age of smoking 
has been found to be positively associated with risk; smokers who 
started smoking at an earlier age were at a higher risk for UBC.*? 
The pooled analyses of Brennan et al.4°4! showed an increasing 
risk of UBC with increasing duration of smoking, ranging from 
approximately a twofold increased risk for a duration less than 
10 years (OR = 1.9, 95% CI 1.1, 3.1) to over a fourfold increased 
risk for a duration greater than 40 years (OR = 4.1, 95% CI 3.0, 
5.5) for women and ranging from an odds ratio of 1.96 after 
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Fig. 6.13.2 Population attributable risk (PAR) of smoking for UBC (RR = 3.3). Ina 
country where 40% of the people are smokers, smoking causes 50% of the bladder 
cancer incidence. 


20 years of smoking (95% CI 1.48, 2.61) to 5.57 after 60 years (CI 
4.18, 7.44) for men. A dose-response relationship was observed 
between number of cigarettes smoked per day and UBC up to a 
threshold limit of 15-20 cigarettes per day, OR = 3.8 (95% CI 2.7, 
5.4) for women and OR = 4.50 (95% CI 3.81, 5.33) for men, after 
which no increased risk was observed. A lowering of risk after 
stopping cigarette smoking is seen in almost all the studies of the 
IARC and confirmed in the pooled analysis of Brennan et al.: the 
decrease is over 30% in the immediate 1-4 years after cessation. 
However, even after 25 years the decrease in risk did not reach 


the level of the never-smokers.*! The relative risks for smokers of 


black tobacco were 1.5 to 2 times higher than those for smokers 
of blond tobacco.*? Based on a pooled analysis of six case-control 
studies on men, the OR for pure pipe smoking was 1.9 (95% CI 
1.2, 3.1) and that for pure cigar smoking 2.3 (95% CI 1.6, 3.5). 
Studies conducted in populations with a high proportion of non- 
transitional cell carcinomas, such as Egypt and Zimbabwe, also 
reported a positive association with tobacco smoking.** Data on 
involuntary smoke and use of smokeless tobacco products are 
limited, but do not suggest an increased risk of UBC.38 Waterpipe 
tobacco may not have an effect on UBC based on the result of one 
small Egyptian case-control study. There is convincing evidence 
for a substantially increased risk of UBC and smoking cigarettes, 
probable evidence for a moderately increased risk of UBC and 
smoking pipe and cigars. Fifteen studies investigated the influ- 


ence of smoking on prognosis. All reported an increased risk of 


recurrence, but only one was statistically significant.* 


Physical activity 
Based on eight cohort and two case-control studies, there is con- 


vincing evidence for no association between physical activity and 
UBC risk.4445 


Personal hair dye use 
There is limited non-conclusive evidence from two case-control 


studies of a moderately increased risk using hair dyes and UBC 
risk.46 


Drinks 
There is convincing evidence for no association between UBC risk 


and tea (both green and other) consumption based (OR = 1.0 (95% 
CI, 0.9-1.1)).47 
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In contrast with women, where it is probable that there is no 
association between coffee and UBC risk, for men there is con- 
vincing evidence of a slightly increased risk (OR = 1.26 (95% CI 
1.09-1.46)) based on 16 epidemiologic studies. There is limited 
suggestive evidence for no association between the risk on UBC 
for drinkers versus non-drinkers of decaffeinated coffee (OR = 1.18 
(95% CI, 0.99-1.40)).47 

There is convincing evidence of no association between total 
alcoholic beverage consumption or consumption of various types of 
alcoholic beverage and the risk for UBC (RR = 1.04 (95% CI, 0.99- 
1.09) for 25 g, 1.08 (95% CI, 0.98-1.19) for 50 g and 1.17 (95% CI, 
0.97-1.41) for 100 g ethanol per day) based on two cohort and nine 
case-control studies.4849 There is probable evidence from a pooled 
analysis of six case-control studies for a slightly increased risk of 
drinking >2 L/day of tap water vs. £0.5 L/day (OR=1.46 (95% CI, 
1.20-1.78)).5° 

The available evidence on a possible relation between the total 
fluid intake and the risk of UBC is not conclusive seen the conflict- 
ing effect.>! 

Diet 

There is convincing evidence that fish is not significantly associated 
with a decreased UBC risk (RR 0.86 (95% CI, 0.61—1.12)) in a meta- 
analysis of five cohort and nine case-control studies.** For dietary 
acrylamide, a probable human carcinogen, found in French fries 
and potato chips, there is limited, non-conclusive evidence for not- 
statistically a moderately decreased risk (RR highest versus lowest 
quintile: 0.60 (95% CI 0.39-0.94), p-trend: 0.13) for UBC only for 
women.» Trace elements, such as selenium, and nickel are found 
naturally in the environment, and human exposure derives from a 
variety of sources, including air, drinking water, and food. In con- 
trast, with nickel exposure where there is limited, non-conclusive 
evidence for no association and UBC risk,* for selenium, there is 
convincing evidence for a moderately decreased risk (RR = 0.67 (95% 
CI, 0.46-0.97)) suggesting a protective effect of higher selenium 
concentrations in toenail, serum, or plasma against UBC.°>°° The 
incidence of bladder cancer decreases by 25% if the plasma selenium 
increases by 10 ng/mL.*” There is limited, non-conclusive evidence 
for association of vitamins and UBC risk: based on four case- 
control studies, of a moderately reduced risk associated with vita- 
min A including both retinol and carotenoids was found. A similar 
inverse association was also observed for the B group vitamins (two 
studies), vitamin C (two studies), vitamin E (one study), and isothi- 
ocyanates (one study). No associations were observed for vitamins 
D (one study), and K (one study).°! There is convincing evidence of 
no bladder carcinogenicity for saccharin and other sweeteners.>}°8 
There is probable evidence for no association between UBC risk and 
fruit (SRR for high versus low consumption of fruit was 0.87 (95% 
CI, 0.63-1.12). or vegetables consumption (SRR for high versus low 
consumption was 0.94 (95% CI, 0.72-1.16).°° There is limited, non- 
conclusive evidence for a moderately decreased risk of UBC for cit- 
rus fruits, and yellow-orange vegetables, particularly carrots, and for 
a substantially increased risk of UBC for salted and barbecued meat, 
soy products, and spices.>! 


Medical history 


For asthma, there is limited non-conclusive evidence (only two 
studies) for a slightly increase risk on UBC. 

For diabetes mellitus (DM), there is convincing evidence that 
diabetes provokes a slightly increased risk on UBC (RR = 1.24 
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Fig. 6.13.3 PAR of UBC, according to prevalence of diabetes mellitus. 

Source: data from Diabetes Research and Clinical Practice, Volume 87, Issue 1, Shaw JE et al, 
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(95% CI 1.08-1.42)).®! In West European countries where the 
prevalence of diabetes is about 7%.°* DM is responsible for 2% of 
the UBC cases (Fig. 6.13.3). 

There is limited non-conclusive evidence that organ transplant- 
ation may lead to a substantially increased risk of UBC (RR = 3.1) 
due to the immunosuppressed status after organ transplantation.% 

There is limited non-conclusive evidence for a moderately 
increased risk for urinary tract stones and UBC.°® and for a substan- 
tially increased risk between users of menopause hormone replace- 
ment therapy (OR = 3.29 (95% CI 1.49-7.25)) and UBC.*® 


Urinary tract infections 
There is limited non-conclusive evidence for bacterial infections 
and the risk of UBC. Due to Escherichia coli and a Proteus sp. (RR 
respectively between 2 to 3.8, and 2.5 to 10) there is a substan- 
tially increased risk of TCC and SCC in neuropathic bladders 
after urinary tract infections (UTIs). Limited evidence is provided 
for gonorrhoea with a moderately increased risk (RR = 2.1 (95% 
CI, 1.0-4.5)) and no association for syphilis (RR = 1.1 (95% CI 
0.2-7.0)).° There is limited non-conclusive evidence, based on 
case-control studies alone, that there is a substantially increased 
risk between human papilloma virus and UBC (RR = 3.2 (95% CI 
1.19-8.60)).94 

There is probable evidence, from case-control studies alone, 
that there is a substantially increased risk between infection with 
Schitsosomiasis haematobium (Bilharziasis) and UBC (OR of 
2.0-14).®4 The overall prevalence of S. haematobium infection in 
Egypt is 37-48% and urinary bladder cancer accounts for about 
31% of the total incidence of cancers in Egypt.” Until recent years, 
bladder cancer has been the most frequently diagnosed cancer and 
the most common cause of death in men aged 20-44 years in Egypt. 
In some countries with a high rate of schistosomal infections (such 
as Iraq, Malawi, Zambia, and Kuwait), bladder cancer was reported 
to be the leading malignant disease. Based on all these findings, the 
IARC has classified S. haematobium infection as carcinogenic.®© 
The most recent study from Egypt, found that the OR for urinary 
schistosomiasis was higher in subjects who were younger at first 
diagnosis (OR of 3.3 for <15 years) and with a long time since the 
first diagnosis (OR of 3.0 for >35 years), suggesting a duration-risk 
relationship and a long-term effect of urinary schistosomiasis on 
bladder cancer.®” Eradication of the parasitic menace results in a 
decrease of bladder cancer.®® 


Based on the information retrieved from cancer registries, there 
is convincing evidence of a substantially increased risk for UBC 
patients to develop subsequent cancers of the kidney and other 
urinary organs (SIR = 11,08 for males (p = 0.05) and 17.79 for 
females (p = 0.05)). There is a slightly increased risk for UBC after 
cancer of the uterus (SIR=1.41, p = 0.05), a substantially increased 
risk for UBC after renal cell carcinoma (SIR = 4,7, p = 0.05)6°70 and 
a moderately increased risk after prostate cancer.’! Part of these 
excess risks can be result from indication bias. 

Bladder cancer patients have a higher co-morbidity score and 
are more likely to have coexisting medical condition then patients 
without bladder cancer.> Men between 65 and 74 years are 10 
times more likely to suffer from hypertension, cerebral ischaemic 
events, diabetes and asthma, 20 times more likely to suffer from 
depression, and 25 times more of cardial ischaemic events and 
chronic obstructive pulmonary disease (COPD). Men older than 
75 year have 15 times more likely to suffer from depression, 20 
times more likely to suffer from hypertension, cerebral ischaemic 
events and asthma, and 25 times more likely to suffer from cardial 
ischaemic events, diabetes, and COPD. Women between 65 and 
74 years are 20 times more likely to suffer from hypertension, 30 
times more likely to suffer from cerebral ischaemic events. Women 
older than 75 year are 10 times more likely to suffer from dia- 
betes and COPD, 15 times more likely to suffer from depression, 
20 times more likely to suffer from cerebral ischaemic events, 25 
times more likely to suffer from asthma, and 40 times more likely 
to suffer from hypertension.” 


Haematuria 


Macroscopic haematuria has an overall predictive value of 
0.83 (95% CI, 0.80-0.85) based on seven homogeneous studies. 
The predictive value is the highest in patients, aged 40 or more 
(0.41 (95% CI, 0.10-0.78)).73 


Medication 


There is no convincing association between regular use (>2 times/ 
week) of non-aspirin NSAIDs compared and UBC (OR = 0.81 
(95% CI, 0.63-1.05) for case-control studies and hazard ratio of 
0.92 (95% CI, 0.81-1.04) for cohort studies),”4 as for aspirin, there 
is limited, non-conclusive evidence of no association with UBC.” 

For dialysis, there is limited suggestive evidence of a moder- 
ately increased risk of UBC (RR = 2.2).76 Phenacetine is respon- 
sible with limited suggestive evidence for a substantially increased 
risk of UBC (OR and RR, respectively, 5.4 and 5.3).”” On the other 
hand, for acetaminophen (paracetamol), the major metabolite of 
phenacetine, probable evidence has been found of no association 
with UBC.*® There is limited non-conclusive evidence of incon- 
sistent effect of phenobarbital.** Non-conclusive evidence has been 
provided concerning bladder cancer and the risk associated with 
isoniazid therapy nor for chlornaphazine, a chloroethyl-derivative 
of 2-naphthyl-amine, used to treat polycythemia vera based on 61 
patients of whom 13 developed UBC, of which eight invasive.*? 
Also for cyclophosphamide, based on only two case-control studies 
and one cohort study, there is limited, non-conclusive evidence of a 
substantially increased risk of UBC.*8 

The IARC concluded that analgesic mixtures containing phen- 
acetin and phenacetin are carcinogenic to humans,” just like 
cyclophosphamide.** Phenobarbital is possibly carcinogenic to 
humans.”? 


CHAPTER 6.13 BLADDER AND UPPER URINARY TRACT CANCER 


Genetics 
Family history of UBC 


Familial bladder cancer clusters with cancers of the stomach, lar- 
ynx, kidney, endometrium and leukaemia due to both genetic and 
shared environmental factors (smoking habits). Family members 
also share prognosis of bladder cancer, either good or poor sur- 
vival.80-82 First degree relatives of patients with bladder cancer 
have a twofold increased risk of bladder cancer but high-risk blad- 
der cancer families are extremely rare. There is no clear Mendelian 
inheritance pattern that can explain the increased familial risk. 
This makes classical linkage studies for the mapping of susceptibil- 
ity genes impossible. The disease is probably caused by a combin- 
ation of exposure to exogenous carcinogens and a large number of 
susceptibility genes with modest effects.8! Candidate gene studies 
looked at susceptible genes and the occurrence of UBC. Genome- 
wide association studies make it possible to examin the existence of 
correlation between loci on a gene region and incidence of UBC. 


Genes associated with UBC risk 


Among the low-penetrant genes, the variants within the genes 
encoding metabolic enzymes have been consistently associated 
with susceptibility to bladder cancer and the evidence is compelling 
for NAT2 slow acetylator and GSTM1 null genotypes.®? There is 
probable evidence from 30 case-control studies alone for a slightly 
increased risk of UBC for the NAT2 slow acetylation phenotype 
(defined by NAT2 haplotypes) (SRR for NAT2 slow acetylators), 
compared with rapid/intermediate acetylators was 1.4 (95% CI, 
1.2-1.6; p <0.0001)) and NAT2 and smoking interaction (SRR 1.2 
(95% CI, 1.1-1.5; p = 0.009) for all populations combined.*®° There 
is probable evidence from case-control studies alone that GSTP1 
Ile 105Val is associated with a moderately increased risk of UBC 
(unadjusted summary OR for GSTP1 Ile/Val and Val/Val compared 
with GSTP1 Ile/Ile were 1.54 (95% CI, 1.21-1.99; p <0.001) and 2.17 
(95% CI, 1.27-3.71; p = 0.005)).°! There is probable evidence for no 
association between DNA repair genes: ERCC2 D312N (181799793; 
per-allele OR = 1.10 (95% CI, 1.01-1.19; p = 0.021)), NBN E185Q 
(rs1805794; per-allele OR = 1.09 (95% CI, 1.01-1.18; p = 0.028)), 
and XPC A499V (rs2228000; per-allele OR = 1.10 (95% CI, 1.00- 
1.21; p = 0.044)).8* Only NAT2 and GSTM1 have consistently 
been demonstrated to be germline genetic susceptibility markers 
for UBC. The recent shift to an agnostic genome-wide association 
approach led to the identification of several UBC susceptibility loci, 
and provided valuable leads for new mechanistic insights into UBC 
carcinogenesis.*? 

Whole-exome sequencing of bladder tumours has identified 
mutations of chromatin remodelling genes such as KDM6A and 
MLL3, and of STAG2, which encodes a protein involved in sister 
chromatid cohesion. Moreover, four mutation signatures, princi- 
pally comprising different combinations of C:G>T:A and G:C>C:G 
substitutions, have been detected in some bladder cancers, although 
their origins remain unclear.*4-®? Whole-genome sequence data at 
sufficiently high depth for variant calling have not been reported 
yet for bladder cancers.90-4 


Genome-wide association studies 


There is convincing evidence for a slightly increased risk of UBC 
and the SNP rs9642880[T] on the locus 8q24.2lof the MYC gene 
region (OR =1.22 (95% CI, 1.15-1.29))*4 and the T allele of rs798766 
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on 4p16.3 of the TACC3/FGFR3 (OR = 1.24 (95% CI, 1.17-1.31)), 
which often harbours activating somatic mutations in low-grade, 
non-invasive UBC. Notably, rs798766[T] shows stronger association 
with low-grade and low-stage UBC than with more aggressive forms 
of the disease and is associated with higher risk of recurrence in low- 
grade stage Ta tumours. The frequency of rs798766[T] is higher in 
Ta tumours that carry an activating mutation in FGFR3 than in Ta 
tumours with wild-type FGFR3.*° There is strong evidence for no 
association with UBC risk, but nonetheless of genome-wide signifi- 
cance, for rs710521[A] on 3q28 located near TP63 (OR = 1.19 (95% 
CI, 1.12-1.27)),§4 rs2736098[A] on 5p15.33 corresponds to A305A 
in the telomerase reverse transcriptase (TERT) protein (OR = 1.16 
(95% CI, 1.08-1.23)), rs401681[C] on 5p15.33 of the gene region 
CLPTMIL (cisplatin resistance related protein CRR9p) (OR = 1.12 
(95% CI, 1.06-1.18)),8° for rs2294008 on chromosome 8q24.3 in the 
PSCA gene (OR = 1.15 (95% CI, 1.10-1.20)),8” and for three new 
regions associated with UBC on chromosomes 22q13.1, 19q12 and 
2q37.1: rs1014971, (p = 8 x 10-12) maps to a non-genic region of 
chromosome 22q13.1, rs8102137 (p = 2 x 10-11) on 19q12 maps to 
CCNE1 and rs11892031 (p = 1 x 10-7) maps to the UGT1A cluster 
on 2q37.1.88 There is limited, non-conclusive evidence for a slightly 
increased risk of UBC for rs2736100 on 5p15, per C allele (OR = 1.23 
(95% CI, 1.02-1.48).89 

Several candidate gene studies looked for the association 
between germline genetic polymorphisms and the risk of recur- 
rence and progression of mainly non-muscle-invasive bladder can- 
cer (NMIBC) patients. These are small-size studies and the results 
of statistical significant findings of single studies should be tested 
for replication in larger, independent patient series.°? 


Conclusion 


Seen the large effect of age, gender, and smoking habits on bladder 
cancer risk, the effect of all other risk factors tends to be modified 
by these three factors. It was not possible to go in that level of detail 
in this overview. Nevertheless, factors worth to be mentioned as 
increasing the risk of bladder cancer are: occupational exposures 
(dyes), prostate cancer, uterus cancer, diabetes mellitus, radiation, 
arsenic in drinking water, and coffee for men. NAT2 slow acetylator 
and GSTM1 null genotypes are also associated with an increased 
risk of this cancer. Potential factors that can decrease the risk of 
bladder cancer are high blood selenium levels and the intake of cit- 
rus fruit and carrots. The impact of diet will be further investigated 
in more detail by pooling data of case-control and cohort studies. 

Regarding prognosis, there is little knowledge on the predictive 
role of environmental and occupational exposures and genetic pol- 
ymorphisms on tumour recurrence and progression and survival. 
Although active tobacco smoking is the most commonly studied 
factor, no definitive conclusion can be drawn from the literature. 
Today, two ongoing studies examine the effect of the intake of high- 
selenium yeast on the recurrence of UBC. One study found a sig- 
nificantly decrease in time to recurrence with the intake of high 
doses of vitamins. This result has not yet been. The most important 
primary prevention measure for MIBC is to eliminate smoking and 
Bilharziasis. 
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CHAPTER 6.14 


Molecular biology 
of bladder cancer 


Neveen Said and Dan Theodorescu 


Introduction to molecular biology 
of bladder cancer 


Bladder cancer is the most common malignancy involving the 
urinary system, caused primarily by tobacco use and exposure to 
industrial chemicals with an estimated 73,510 patients affected and 
14,880 deaths in 2012.! Urothelial (transitional cell) carcinoma 
(UC) is the predominant histological type in the United States and 
Europe and accounts for ~90% of bladder cancers.! 

UC arises from the mucosal lining of the bladder, and is fre- 
quently multifocal. Numerous factors, including chromosomal 
markers, genetic polymorphisms, and genetic and epigenetic alter- 
ations may be involved in tumorigenesis, progression, and metasta- 
sis (Figs 6.14.1 and 6.14.2). Initially 70% of patients with UC present 
with non-muscle-invasive (formerly known as ‘superficial’), and 
30% present with muscle-invasive disease.» Despite a good prog- 
nosis for patients with non-muscle-invasive UC, recurrence is com- 
mon and is associated with development of muscle-invasive disease 
in up to 30%. Also, 50% of patients presenting with muscle-invasive 
UC have occult distant metastases and a poor five-year survival rate. 
Clinical data from human disease as well as experimental rodent 
models of carcinogenesis and metastasis revealed that, in addition 
to regional lymph node metastasis, muscle-invasive bladder cancer 
most commonly metastasizes to the lungs.” In this chapter, we will 
summarize the molecular events implicated in the multistep car- 
cinogenesis and metastasis cascades of bladder cancer. 


Molecular mechanisms of non-invasive 
bladder cancer 


Gain-of-function mutations: HRAS and FGFR3 

HRAS 

The HRAS gene, which codes for p21Ras, a small GTPase, was the 
first identified human oncogene and was found in the T24/EJ urothe- 
lial cell line.4° In the normal urothelium, normal HRAS protein 
diminishes with differentiation, with highest expression in the basal 
(progenitor) cells.” The role of HRAS in UC is supported by its ability 
to transform SV40-immortalized human urothelial cells into inva- 
sive transitional cell carcinomas.*? In addition, in elegant transgenic 
studies, Ras overexpression has been shown to lead to non-muscle- 
invasive disease.!° Ras interacts with Raf, a serine/threonine kinase, 
which is activated in tumour cells containing enhanced growth sig- 
nalling pathways in both non-muscle invasive, muscle-invasive, and 
metastatic disease with subsequent activation of MAPK.!!!? The 


activation of Ras depends on the addition of a lipid (farnesyl) moi- 
ety to its carboxy terminal, thus farnesyl transferase inhibitors and 
MAPK inhibitors may be of therapeutic potential. 1112 

In UC, HRAS mutations were associated with both non-muscle- 
invasive (NMI),/° and in muscle-invasive (MI) UC,!4-!8 suggesting 
that hyperactive HRAS in UC can be due to activating mutations, 
or via either overexpression of the HRAS gene and/or increased sig- 
nalling by upstream receptor tyrosine kinases (RTKs).5 In a recent 
study,!° primary bladder tumours from 257 patients and 184 recur- 
rences from 54 patients were examined for mutations in a variety of 
genes. Of primary tumours 11% were mutant for RAS. Interestingly, 
FGFR3 mutations (discussed below) were mutually exclusive 
with RAS mutations and co-occurred with PIK3CA mutations. 
Mutations in the RAS genes were not predictors for recurrence-free, 
progression-free, and disease-specific survival. Taken together, Ras 
appears to be an important player in urothelial cancer and one most 
likely associated with non-muscle-invasive cancer. 


FGFR3 


Somatic activating mutations and/or overexpression of FGFR3 
were first described in UC over ten years ago and are common in 
UC with low malignant potential, low-stage and -grade, lower risk 
of progression, and better survival.?°?! FGFR3 mutations occur in 
around 50% of both lower and upper urinary tract tumours and 
these cluster in three distinct hotspots in exons 7, 10, and 15.71 
The most common mutations in exon 7 and 10 favour ligand- 
independent dimerization, transactivation, and signalling.??-?° 
Mutations in exon 15 are rare, and induce a conformational change 
in the kinase domain resulting in ligand-independent receptor acti- 
vation and signalling as well as FGFR3 cellular localization, with 
aberrant endoplasmic reticulum signalling.2” FGFR3 mutations are 
thought to occur early during urothelial transformation, as they are 
reported in over 80% preneoplastic lesions,?~?> pointing to an over- 
all ‘benign effect of FGFR3 mutation in the bladder.*®?8 FGFR3 
mutant tumours were more chromosomally stable than their wild- 
type counterparts and a mutually exclusive relationship between 
FGFR3 mutation and overrepresentation of 8q was observed in 
NMI tumours.”? A recent study found that around 80% of NMIUC 
and 54% of MIUC have dysregulated FGFR3 with discordant 
mutation and protein expression patterns, suggesting a key role of 
FGFR3 in both NMI and MI disease either through mutation, over- 
expression, or both.*° These discrepancies may reflect differential 
downstream signalling of wild-type and mutant receptors or the 
different molecular pathways instigating the development of these 
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Fig. 6.14.1 Pathways of urothelial carcinoma (UC) development. At presentation, most tumours (70-80%) are diagnosed as non-muscle-invasive disease (superficial), 
and 20-30% as muscle-invasive disease. For the non-muscle-invasive disease, the preneoplastic lesions progress from hyperplasia/dysplasia, with stable genetic alterations 
and progress into non-invasive low or high malignant UC. The preneoplastic lesions of muscle-invasive UC are severe dysplasia/CIS, that accumulate unstable genetic 


alterations progress into invasive, high-grade UC. 
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tumours. The mechanisms driving FGFR3 overexpression in UC 
are largely unknown, although a recent study has shown the regu- 
lation of FGFR3 expression in urothelial cells by two microRNAs 
(miR-99a/100), that are often downregulated in UC, particularly in 
low-grade and low-stage tumours.*! 


Deletions of chromosome 9: allelic losses on 
the long arm (9q) 


Events affecting chromosome 9 are common. Deletions of tumour 
suppressor genes at 9p21 (CDKN2A, CDKN2B), 9q22 (PTCH), 


9q33 (DBC1), and 9q34 (TSC1) were reported in hyperplasia 
and throughout advanced grades and stages.32 Homozygous 
deletions at 9p21.3 were associated with high stage and grade, 
while no associations between TSC1 copy number loss and stage, 
grade, or other copy number alterations were observed.>” Loss 
of heterozygosity (LOH) analyses of UC have revealed a number 
of genomic regions of possible importance for UC development. 
LOH in 9p was seen in 70% and in 9q in 77% of the cases indi- 
cating chromosome 9 as the most frequently affected chromo- 
some in UC?’ with LOH at 9p and 9q was equally distributed 


ET1 


PGE2 
C-C/CXC 
chemokines 


Proliferation 
survival 


Cadherin switch, loss of cell-cell 
contact, ECM breakdown, 
cytoskeletal organization 


CHAPTER 6.14 MOLECULAR BIOLOGY OF BLADDER CANCER 


TGF B 


g 
Tre J 


INVASION/ 
METASTASIS 


Inflammation 
Angiogenesis 


Fig. 6.14.2 Signalling pathways in UC. Receptor tyrosine kinases (EGFR, VEGFR, FGFR) contain a cytoplasmic tyrosine kinase domain, a single transmembrane 
domain, and an extracellular domain that upon binding to cognate ligands and activate downstream signalling through simultaneous activation of multiple pathways, 
which either lead to activation of Ras/MAPK, AKT/PI3K, with subsequent activation of multiple transcription factors resulting in cell proliferation/ survival, epithelial- 
mesenchymal transition (EMT) inflammation, angiogenesis, and lymphangiogenesis. Cross-talk between ECM-integrin-ILK, TGFB, GSKB/B-catenin directly affects cell 
adhesion and/or the cytoskeletal dynamics, through their effect on Rho GTPases. The convergence of these signalling pathways eventually leads to cancer cell invasion 


and metastasis. 
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among the tumour stages, whereas allelic losses at the remaining 
chromosomes correlated with higher stages. A similarly high fre- 
quency of allelic loss of chromosome 9 was reported by Koed 
et al.>+ with LOH at 9p amounting to 42% and in 9q to 67% 
affecting all chromosome arms. In both studies,3334 Ta tumours 
showed a significantly lower frequency of LOH than T1 tumours, 
whereas T1 and =T2 cases were similar in this respect. Also Chan 
et al.*> demonstrated an association of LOH of high grade and 
high stage with a high incidence of LOH at 9p and 9q, 76% and 
67%, respectively. Recently, homozygous deletions of other genes 
were reported”? as HD of miR-31 and ELAVL2 (HuB; HelN1). 
The latter is a member of the Hu family of RNA-binding pro- 
teins which are implicated in post-transcriptional regulation and 
differentiation with several putative mRNA targets including the 
cyclin-dependent kinase inhibitor p21.2? HD at 9p24 and 9p23 
were detected in UC.??36 


Y chromosome loss 


Y chromosome losses have been described in as an early event 
occurring in 10-40% of bladder cancers?” and were suggested to 
be age-related. However, the clinical significance of chromosome Y 
losses is currently largely unknown.3738 


Polymorphisms in genes associated 
with detoxification of environmental carcinogens 


Glutathione S-transferase M1 (GSTM1), N-acetyltransferase-1 and 
2 (NAT1 and NAT2) and microsomal epoxide hydrolase, and the 
cytochrome P-450 enzymes 2D6, 1A1, 2A6, and 2E1 are phase II 
enzymes involved in xenobiotic metabolism. Polymorphisms of 
these enzymes have been long related to increased bladder cancer 
risk among different populations and racial backgrounds and are 
believed to influence the types of acquired mutations of oncogenes 
and tumour suppressors involved bladder cancer initiation and 
progression.3?-4° 


Reactive oxygen and nitrogen species 


Growing evidence suggests that genetic alterations result in higher 
levels of reactive oxygen species (ROS) in human cancer cells than 
in their normal counterparts.4° ROS comprise a variety of react- 
ive, oxygen-containing chemical metabolites, including hydrogen 
peroxide (H,O,) and superoxide (O,~).4° ROS trigger genetic pro- 
grammes associated with transformation such as those involving 
the cell cycle and mitogenic signalling.47 NADPH oxidase (NOX) 
a major source of cellular ROS, exhibits high expression in UC 
and precancerous lesions such as dysplasia but not in normal 
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urothelium. ROS generation through NOX4 contributed to an 
early step of urothelial carcinogenesis and cancer cell survival.4” 
Increasing levels of ROS are associated with urothelial preneoplasia 
and neoplasia in a chemical carcinogenesis model of bladder can- 
cer and are associated with increasing inflammation (Said et al., In 
Press). 


Molecular mechanisms of invasive 
bladder cancer 


Tumour suppressor genes 


TP53 (transformation-related protein 53) 
The p53 tumour suppressor encoded by the TP53 gene located 
on chromosome 17p13.148 inhibits phase-specific cell cycle 
progression (G1-S) through the transcriptional activation of 
p21WAFI/CIPI 49 Most UCs exhibit loss of a single 17p allele and 
additional mutations in the remaining allele can inactivate TP53 
leading to increased nuclear accumulation of the mutant protein 
which has a longer half-life than the wt counterpart.” TP53 dele- 
tion was significantly correlated with grade and stage.4651-55 
Invasive carcinoma can also progress from recurrent papillary car- 
cinoma by acquiring additional alterations in TP53, RB1, PTEN, 
EGFRs, CCND1, MDM2, or E2F.°° In addition, oncogenic HRas 
has been shown to promote the malignant potency of UC cells that 
have acquired deficiencies of TP53, RBI, and PTEN.*© 

Mutations in the TP53 gene that result in a truncated protein (or 
no protein), homozygous deletion of both alleles of the gene or gene 
silencing by methylation of the promoters of both alleles cannot be 
detected by nuclear accumulation of p53 protein,°”°* thus limiting 
the sensitivity of immunohistochemistry (IHC) for p53 alterations. 
Nevertheless, even with this caveat, overexpression of nuclear p53 
protein by IHC has been used as a surrogate marker for detection of 
mutant p53 in clinical specimens. p53 expression has been associ- 
ated with increased risk of progression, or mortality in NMI and 
MI tumours respectively, independent of tumour grade, stage, and 
lymph node status.484959-70 Interestingly, this has not been borne 
out in patients treated with cystectomy in a recently reported ran- 
domized prospective trial.”! This discordance in the identification 
of p53 as an independent prognostic marker for UC progression, 
recurrence, mortality and response to therapy in this latter and 
other studies may be due to genetic and epigenetic status of patients, 
cohort selection as well as technical and statistical variations.4672-74 


Rb1 (retinoblastoma 1) 

Deletions of the long arm of chromosome 13, including the Rb 
locus on 13q14, were detected in MIUC.”° Altered Rb expres- 
sion in patients with MIUC, positively correlated with prolifera- 
tive indices, and negatively correlated with patient survival.647677 
Normal expression of Rb and p53 proteins favours good progno- 
sis in patients with T1 tumours, whereas patients with abnormal 
expression of either or both proteins had a significant increase in 
progression.’® Therefore, P53 and Rb nuclear protein status could 
potentially be used in stratification of NMIUC patients (Ta, T1 
and CIS) for conservative or aggressive treatment options.’%®° In 
addition, analysis of multiple cell cycle regulatory proteins (pRb, 
p53, and p21”f/CIPl, with or without p16im42) predicted dis- 
ease outcome more accurately than any single marker, and inde- 
pendent of standard clinicopathologic prognostic factors.74°!-84 
Other than cell cycle deregulation, LOH of 13q14 and loss of Rb 


protein expression and/or inactivation contribute to UC progres- 
sion through repression of E-cadherin.?885 


CDKNZ2A (p16) 

The cyclin-dependent kinase inhibitor 2A (CDKN2A, p16ink4a) 
gene is frequently inactivated by deletion in UC. CDKN2A homo- 
zygous deletion was significantly more frequent in FGFR3-mutated 
than in wild-type FGFR3 tumours and was associated with MIUC 
within the FGFR3-mutated subgroup.8° CDKN2A losses (hemizy- 
gous and homozygous) were associated with UC progression and 
predicted progression independent of stage and grade, suggesting 
a role of CDKN2A loss in the progression NMI FGFR3-mutated 
UC.® Promoter hypermethylation of p16 occurred frequently in 
both pathologically normal urothelium and tumour samples from 
UC patients and increased with progression from normal to UC 
along with E-cadherin, p14, and RASSF1A. However, no signifi- 
cant correlation was observed between p16 hypermethylation and 
muscle invasion or tumour grade.8” 


PTEN (phosphatase and tensin homologue) 

Loss of heterozygosity at the MMAC1/PTEN/TEP1 locus is a com- 
mon event in MIUC.®88? PTEN has been identified as a tumour 
suppressor gene mapped to chromosome 10q23,°%?1 and som- 
atic mutations or deletions of MMACI1/PTEN have been found in 
UC.?0?1 The tumour suppressor effect of MMACI/PTEN in UC is 
attributed to inhibition of Akt/PKB leading to UC growth suppres- 
sion and enhancing chemosensitivity to doxorubicin.®? In addition, 
PTEN synergizes with another tumour suppressor Lkb1 kinase is 
a tumour suppressor which regulates the TSC1/2 complex which 
has been found mutated in human UC.” Simultaneous deletion of 
PTEN and Lkb1 leads to upregulation of the mTOR pathway and the 
hypoxia marker GLUT1 in bladder epithelial cells, and increased 
their proliferation and tumourigenicity of UC.°? In UC models, 
inhibitory effects of PTEN on cell motility were observed and these 
translate into suppression of in vivo invasion.” Surprisingly, this 
work revealed that PTEN can inhibit tumour invasion even in the 
absence of its lipid phosphatase activity. 


Extracellular matrix (ECM) and adhesion molecules 


Cadherins 

E-cadherin, a calcium-dependent cell adhesion molecule mediates 
the homotypic interactions that maintain tight epithelial integrity 
and urine impermeability in the normal urothelium.?4?> Reduced 
E-cadherin has been reported in experimental models and human 
tissues of UC as part of the epithelial-mesenchymal transition 
(EMT) machinery involved in invasiveness and metastasis.>!1.94-98 
Methylation of the E-cadherin promoter, and subsequent gene 
silencing have been reported in early and late UC, and the fre- 
quency of methylation significantly correlated with progression 
and poor prognosis,”?-!©! depth of muscle invasion, lymph node 
metastasis,87!02-108 tumour recurrence,!°!109 and five-year sur- 
vival.87110-113 Concomitant with loss of E-cadherin expression, 
N-cadherin, which is not expressed in normal urothelium, appeared 
in stage pT1 and increased in pT2-pT3 tumours. Progression-free 
survival and multivariate analyses revealed that N-cadherin expres- 
sion is an independent prognostic marker for the progression of 
NMIUC to MIUC.!"4 N-cadherin has a key role in determining 
the invasive capacity of UC cells via activation of PI3 kinase/Akt 
signalling. 114-116 


Integrins 

The most commonly expressed integrin in the basal layer of the 
normal urothelium is a,8, whose expression is altered as an early 
event in the development of UC!” suggesting its utility as a marker 
or driver of tumour formation.®?!!5119 Conversely, integrin a, 
shows a grade and stage-dependent overexpression in UC, sug- 
gesting its importance in disease progression.!?° Recently the a.B, 
integrin (a fibronectin receptor) has been proposed as the initiating 
cellular signalling for intravesical immune and gene therapy.120121 
The integrin-linked kinase (ILK) is a major signalling integrator 
from integrins cognate anchored to ECM ligands. In UC, ILK is 
overexpressed in MIUC and plays an important role in the EMT via 
the control of E-cadherin and MMP-9 expression. 1?? 


Versican 

Versican is a highly conserved structural component of the ECM 
involved myriad physiological and pathological contexts and is asso- 
ciated with the invasive and metastatic signatures of many cancers 
including UC. Differential RNA splicing gives rise to four isoforms 
of versican (V0, V1, V2, and V3), which vary by the presence or 
absence of two glycosaminoglycan (GAG) binding domains named 
aGAG and BGAG.!”? Versican expression is regulated by cytokines, 
chemokines, and hypoxia. It functions not only as a scaffold or sub- 
strate to be consumed during tumour cell invasion, but represents 
a central component of cancer-related inflammation, as it can bind 
multiple types of cell adhesion receptors, growth factor receptors, 
and chemokines to provide a complex set of environmental cues to 
inflammatory and cancer cells in versican-rich sites.!23 Using com- 
mon patterns of gene expression between UC models and cohorts 
of human UC tumours versican has been associated with tumour 
migration in vitro and advanced tumour stage in patients.!*4 In 
addition, a recent mechanistic linkage between reduced expres- 
sion of the metastasis suppressor Rho-GDI2 (discussed below) and 
high versican expression was found.!? The expression of versican, 
was correlated with expression of inflammatory cytokines such as 
CCL2 that CCL2 leading to versican-driven metastasis through 
recruitment of inflammatory macrophages to the distant site.!?? 
Pharmacologic/immunologic targeting of CCL2/CCR2 axis sup- 
pressed these inflammatory factors in the tumour microenviron- 
ment and ameliorated versican-induced lung metastasis.!73 


CD24 

CD24, is a glycosyl phosphatidyl inositol-linked surface protein, that 
has been identified as a downstream target of the Ral family GTPases 
(discussed below)!*5!6 and hypoxia-inducible factor 1a (HIF1a).!?” 
CD24 is highly expressed in bladder as well as other cancers. Loss of 
CD24 function in cancer cell lines was found to be associated with 
decreased cell proliferation and anchorage-independent growth, 
changes in the actin cytoskeleton, and induction of apoptosis.1*° 
Recent reports indicated the regulation of CD24 by HIFla and 
their association with progression and metastasis in animal models 
of UC.!?” Overexpression of CD24 is also associated with poor out- 
come in UC patients. Furthermore, high levels of CD24 were found in 
primary bladder tumours and patient-matched nodal metastases!?8 
while targeting CD24 with monoclonal antibodies decreased meta- 
static burden.!?8 In addition, CD24 expression was found to be andro- 
gen regulated in preclinical models of UC,!?? implying the important 
role for CD24 in urothelial tumorigenesis and metastasis in males and 
providing the foundation for UC therapy with antiandrogens.!”? 
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Hyaluronic acid/Hyaluronidase/Hyaluronic acid synthase 
Hyaluronic acid (HA), a non-sulfated glycosaminoglycan, is an 
important component of the extracellular matrix (ECM).!°? In 
tumour tissues, elevated HA levels are contributed by both the 
tumour-associated stroma and tumour cells. HA is degraded by 
tumour cell-derived endoglycosidase hyaluronidase (HAase), spe- 
cifically hyaluronidase 1 (HYAL1).131-133 The secretion of HAase 
by tumour cells has been shown to induce angiogenesis, through 
cleavage of HA into angiogenic hyaluronic acid fragments that are 
detected in the urine of UC patients.!*4 Urinary HA and HAase lev- 
els correlate with their levels in tissues, and are elevated the urine 
of UC patients and may serve as diagnostic markers. !3!-133.135 HA 
synthesis occurs at the plasma membrane by a transmembrane HA 
synthase (HAS1, HAS2, or HAS3).!3°-!3° Tumour HAS1 expression 
has been shown to be a predictor of UC recurrence and treatment 
failure.!40-!43 HA also regulates cell adhesion, migration, and prolif- 
eration by interacting with receptors such as CD44. Pericellular HA 
produced by tumour cells binds CD44, a transmembrane glycopro- 
tein, °° and induces a lipid raft-associated, signalling complex con- 
taining phosphorylated ErbB2 (p-ErbB2) and PI3-kinase,?5-144-148 
signalling molecules shown to be important in UC biology. 


Proteases and their regulators 

High levels of matrix metalloproteinases (MMP) MMP-1, MMP- 
2 and MMP-9 mRNA were found in both NMIUC, and MIUC. 
Higher levels of MMP-2 and -9 associated with decreased sur- 
vival,!#° and their urinary levels were associated to high tumour 
grade and stage, as well as with tissue polypeptide-specific antigen 
(TPS) and nuclear matrix protein 22 (NMP22).!5°-!5> Decreased 
expression of tissue inhibitor of metalloproteinases (TIMPs), 
TIMP-1 and TIMP-2 (inhibitors of MMP-9, and TIMP-2, respect- 
ively) is associated with advanced stage and grade.!49-1!51,156-161 
High expression of tissue and urokinase plasminogen activator 
(tPA and uPA), urokinase plasminogen activator receptor (uPAR) 
and plasminogen activating inhibitor-1 (PAI-1) correlate with an 
unfavourable prognosis in invasive UC.1162 


Miscellaneous extracellular matrix and adhesion proteins 
Aberrant glycosylation of tumours has been shown to drive tumour 
progression. Expression of specific carbohydrate epitopes such as 
the Sialosyl-Lewis* (SLe*) epitope in UC can affect invasive and 
metastatic ability in models and correlates with metastasis and poor 
survival in patients.!° This aberrant glycosylation also increases 
adhesion of tumour cells to endothelial E-selectin possibly explain- 
ing one way that this change can affect metastatic ability.!°? Both 
laminin and type IV collagen, two major basement membrane 
(BM) components have been used as tumour markers, how- 
ever their prognostic value is unclear.?>164 The concentrations of 
tumour BM components such as laminin, elastase, and fibronectin 
were significantly higher in UC than in normal urothelium. Serum 
and urine laminin concentrations have been demonstrated to pos- 
sess a high predictive value in the diagnosis of invasive UC, and 
together with interruption of the BM laminin staining pattern, sug- 
gest BM breakdown and loss consistent with aggressive disease.’ 


Growth factors and receptors 


Epidermal growth factor family of ligands and receptors 
Epidermal growth factor receptor (EGFR) expression levels in UC 
positively correlate with tumour progression, increasing grade and 
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stage,!©>166 higher rates of recurrence!®” and phenotypic transition 
from NMIUC to MIUC.!68 EGER overexpression in UC is not due 
to gene amplification and gene rearrangement!©? but rather corre- 
lated with the HRAS status suggesting a role of HRAS in transcrip- 
tional regulation of EGFR, in addition to its role in EGFR signal 
transduction.!>!70.!71 Amplification and protein overexpression of 
the ErbB2 gene located on 17q11.2-q12, has been suggested as a 
prognostic markers for patients with recurrent progressive UC.172 
Importantly, the ligand for EGFR, EGF, is found at 10-fold greater 
concentrations in urine than those found in blood, and likely poten- 
tiates the consequences of EGFR overexpression.!67!73174 The 
uroplakin II gene promoter was used to drive the urothelial over- 
expression of EGFR in transgenic mice and this led to urothelial 
hyperplasia.°3 When coexpressed with the activated Ha-ras onco- 
gene in double transgenic mice, EGFR had no tumour-enhancing 
effects over the urothelial hyperplastic phenotype induced by Ha- 
ras oncogene. However, when coexpressed with the SV40 large T 
antigen, EGFR accelerated tumour growth and converted the car- 
cinoma in situ of the SV40T mice into high-grade bladder carcino- 
mas, without triggering tumour invasion. 


Vascular endothelial growth factor family 

The vascular endothelial growth factor (VEGF) ligands and recep- 
tor family includes, VEGF-A, VEGF-B, VEGF-C, VEGF-D, and 
phosphatidylinositol glycan anchor biosynthesis class F (PIGF). In 
humans, VEGF-A exists in three isoforms 121,165, and 189-amino 
acid, and binds and activates VEGFR1 and VEGFR2 (two receptor 
tyrosine kinases), and is a potent inducer of angiogenesis.!”° PIGF 
and VEGF-B bind and activate only VEGFR1. VEGFR3 is mainly 
expressed in lymphatic endothelial cells and ligation by VEGF-C 
and -D regulates lymphangiogenesis.!7> VEGF-C or VEGF-D- 
overexpressing tumours are lymphangiogenic and highly metastatic 
to lymph nodes.!7> High levels of VEGF-A mRNA, and protein 
tumours expression and serum VEGF predicted earlier recurrence 
and increased risk of progression in patients with low or inter- 
mediate grade T1 UC,!”° correlated with increasing stage, grade, 
vascular invasion, and metastatic disease.!””!78 Mitogenic effects 
of the VEGF pathway includes the activation of PKC, sphingosine 
kinase (SPK), Ras (H-Ras and N-Ras activation, but not K-Ras acti- 
vation) and mitogen-activated protein kinases (ERK1/2).7179-182 
VEGF-D overexpression positively correlated with tumour stages 
and regional lymph node metastasis, and negatively correlated with 
disease-free survival.!83-185 


Fibroblast growth factors and receptors 

Two isoforms of the potent angiogenic factor, fibroblast growth 
factor (FGF) are implicated in the pathogenesis of bladder cancer 
are the acidic FGF1 (aFGF) and the basic FGF2 (bFGF). Both are 
tightly bound to heparan-sulfates of the ECM and are thought to be 
released by proteases as a consequence of ECM degradation during 
cancer progression.” Both FGF1 and FGF2 contribute to a more 
aggressive phenotype in UC.29 FGFs and their cognate receptors 
have been shown to play a role in reciprocal signalling from epithe- 
lial to mesenchymal compartments. !° FGFR2IIIb mRNA is distrib- 
uted throughout normal urothelium except for the umbrella cells, 
and low levels of FGFR2IIIc are detected in the stroma, whereas 
bladder carcinoma cell lines generally express no FGFR2IIIc iso- 
form and very little FGFR2II[b compared with normal urothe- 
lium.!87 In bladder carcinoma, low expression or complete loss of 
FGFRZ2IIIb expression is associated with poor prognosis.?%!87188 


GTPase family molecules and regulators 


The larger Ras superfamily in humans comprises over 100 small 
(20-30 kDa), related monomeric guanine nucleotide-binding pro- 
teins including six subfamilies: Ras, Rho, Arf, Rab, Ran, and Rad. 
H-Ras molecule stimulates the activation of other downstream sig- 
nalling pathways which are associated with enhanced cell motility 
and invasion!®? including other GTPases such as Ral. Underlying 
the functional diversity of the Ras family is a common guanosine 
triphosphate (GTP)/guanosine diphosphate (GDP) cycle. Small G 
proteins cycle between inactive (GDP-bound) and active (GTP- 
bound) forms. Since only the latter can interact with downstream 
effectors, these proteins act as molecular switches coupling extracel- 
lular stimuli to intracellular effectors producing cellular responses. 
This cycling is regulated by guanine nucleotide exchange factors 
(GEFs), which promote GTP binding and GTPase activating pro- 
teins (GAPs), which promote GTP hydrolysis and GDP dissoci- 
ation inhibitors (GDIs) that bind to Ras proteins in the cytoplasm, 
conferring aqueous solubility, and blocking activation. These pro- 
teins act as molecular switches coupling extracellular stimuli to 
intracellular effectors producing cellular responses. 


Rho GTPases 

The Rho subfamily has been implicated as a nexus for signal trans- 
duction pathways that affect the cell adhesion, migration, cell cycle 
progression, cell survival, membrane recycling, and gene expres- 
sion. Cross-talk between Ras and Rho proteins was observed in 
several biological processes, including cell transformation, cell 
migration and epithelial-mesenchymal transition (EMT).!9°19! 
The role of Rho and ROCK in bladder cancer was investigated 
using Western blotting in paired tumour and non-tumour patient 
samples. RhoA, RhoC, and ROCK were more abundant in tumours 
and metastatic lymph nodes than in non-tumour bladder and unin- 
volved lymph nodes. Amounts of RhoA and RhoC protein, and 
ROCK protein expression correlated positively with one another 
and high RhoA, RhoC, and ROCK expression were related to poor 
tumour differentiation, muscle invasion, and patient outcome. By 
multivariate analysis, only RhoC was independently influenced in 
disease-free survival and RhoA and RhoC in overall survival. In 
contrast, RhoB expression was inversely related to the grade and 
stage, and its higher expression is associated with better overall 
survival.!9° More recently, biochemical studies indicated that the 
oncogene Src effects are mediated through phosphorylation of 
pl190RhoGAP and these pathways converge to reduce activity of 
RhoA, RhoC, and Rho effector ROCK1. Treatment with a ROCK 
inhibitor reduced lung metastasis in experimental UC models in 
vivo, suggesting a pharmacologically tractable common down- 
stream signalling pathway.!?8 


Ral-GTPases 

Ras-like (Ral) guanyl nucleotide-binding proteins, RalA and RalB 
are two members of Ras family of monomeric G proteins that share 
85% amino acid identity.!°*!% Ral proteins are involved in endo- 
cytosis, exocytosis, actin cytoskeletal dynamics, and transcription. 
Ral activation has been reported as a mediator of EGF-stimulated 
migration in human UC cells.!%4 Ral activation and expression in 
human UC and cell lines revealed that activated RalA and RalB 
are associated with the G12V HRAS oncogene and Ral effec- 
tors as RalBP1 and CD24 are overexpressed in MIUC.!*° Neither 
the activation of RalA nor RalB was significantly associated with 


mutation status for the seven bladder cancer genes (KRAS, p53, 
RB, CDKN2a, PTEN, PIK3CA, and FGFR3), suggesting independ- 
ence of Ral activity from these common molecular lesions.!°° Using 
comparative gene expression and proteomic profiling of multiple 
independent data sets (n = 522) as well as 40 cell lines (BL-40) and 
genetically-engineered cells depleted of Ral A and/or B, Smith and 
colleagues!9° developed a Ral signature of 91 genes combining Ral 
A and Ral B effectors defined as ‘Ral signature probes. They found 
that NMIUC (stage pTa, pT1) had lower signature scores and clus- 
tered with the Ral-depleted cells, whereas MIUC (stage pT2+) had 
higher scores and clustered with control-treated cells. Signature 
scores that indicated high Ral activity were associated with poor 
patient prognosis. 


RhoGDI2 (Rho GDP dissociation inhibitor beta) 

Rho GDIs bind to Rho proteins in the cytoplasm, conferring aque- 
ous solubility, and blocking activation or function through inhib- 
iting the dissociation of bound nucleotides and their interactions 
with GEFs, GAPs, and effectors. RhoGDI2 (also known as D4- 
GDI or Ly-GDI) was initially believed to be exclusively expressed 
in haematopoietic cells!*° is highly expressed in the epithelium 
of genitourinary tract.!?° Reduced expression of RhoGDI2 corre- 
lated with increasing invasive and metastatic activity in human UC 
lines.!9718 Expression analysis and follow-up mechanistic work 
on a novel animal model of UC metastasis identified RhoGDI2 as 
a metastasis suppressor gene.!*4 In human bladder tumours, the 
RhoGDI2 level inversely correlated with development of metastatic 
disease, and multivariate analysis, identified RhoGDI2 as an inde- 
pendent prognostic marker of tumour recurrence following radical 
cystectomy.!9” 


Tumour microenvironment 


Hypoxia-inducible factor 1 and 2 (HIF1 and HIF2) 
Hypoxia-inducible factor-1 (HIF-1) is a key transcription factor 
that regulates the cellular response to hypoxia. HIF-1 is a transac- 
tivator of a large number of genes that are related to regulation of 
angiogenesis, erythropoiesis, cell adhesion, and glucose transport 
in physiological and pathological conditions including cancer.!°? 
In UC, HIF 1a is overexpression as a function of tumour grade and 
stage and correlated with tumour proliferation and vascular indi- 
ces angiogenesis, inflammatory macrophage infiltration, and poor 
outcome.?00-203 HIFla overexpression induced the prometastatic 
CD24 mRNA and protein with subsequent increased in cancer cell 
survival in vitro and in vivo at the levels of primary and metastatic 
tumour growth.!?7 Analysis of clinical tumour specimens revealed 
a correlation between HIF-la and CD24 levels and an associ- 
ation of their coexpression to decreased patient survival.!?” HIF2a 
along with HIF1la expression correlated with tumour grade, stage, 
markers of tumour angiogenesis, and recurrence or progression to 
MIUC.2 


Endothelin axis 


Endothelins (ETs) are a family of three 21-amino acid peptides 
ET-1, ET-2, and ET-3, which mediate their action by activating 
two G-protein-coupled receptor (GPCR) of Ga, and Ga, subtypes, 
ETA receptor (ET,R) and ETB receptor (ET,R). The endothelin 
axis is relevant role in various cancer and stromal cells interac- 
tions leading to autocrine/paracrine loops with subsequent aber- 
rant proliferation, angiogenesis, immune modulation, invasion, 
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and metastatic dissemination. The importance of endothelin axis 
in UC has been identified by virtue of ET-1 being regulated by 
RhoGDI2. The loss of RhoGDI2 expression in UC cell lines was 
correlated with upregulation of ET-1 expression.!®? ET-1 and ET,R 
mRNA and protein expression in patient cohorts revealed that lev- 
els of ET-1 are higher in patients with MIUC, which are associ- 
ated with higher incidence of metastasis, and that high ET-1 levels 
are associated with decreased patient survival. Consistent with 
its pro-inflammatory activity, we found that tumour-derived ET- 
1 acts through endothelin-1 receptor ET,R to enhance migration 
and invasion of both tumour cells and macrophages and induces 
expression of inflammatory cytokines and proteases.?"4 Preclinical 
models using cells depleted of ET-1 and pharmacologic blockade 
of ETRs indicated that tumour ET-1 expression and ET,R activity 
are necessary for metastatic lung colonization in animal models of 
UC and that this process is preceded by and dependent on macro- 
phage infiltration of the lung. In contrast, tumour ET-1 expression 
and ET’,R activity appeared less important in established primary 
or metastatic tumour growth. These findings strongly suggest that 
ET,R inhibitors might be more effective as adjuvant therapeutic 
agents than as initial treatment for advanced primary or metastatic 
disease.204205 


Cytokines, chemokines, and their receptors 


Interleukin-8 (IL-8) expression is increased in muscle-invasive 
tumours and carcinoma in situ when compared with non-invasive 
papillary tumours.!78:206 IL-6 and CCI2 were shown to be over- 
expressed in MIUC compared to NMIUC!#3204 and positively 
correlated with increased levels with the prometastatic mol- 
ecules such as ET-1 and Versican while negatively correlated with 
RhoGDI2. 173204205 CCL2 and its receptor CCR2 were required for 
establishing pulmonary macrophage infiltration as prerequisite for 
bladder cancer lung metastases in preclinical models of UC can- 
cer metastasis.!*? The expression levels of IL-5, IL-20, and IL-28A 
were increased in patients with MIUC and correlated with in vitro 
increase aggressiveness of UC cell lines with upregulation of MMP-2 
and MMP-9 and activation of the transcription factors NF-kappaB 
and AP-1, activation of MAPK and Jak-Stat signalling pathways.?°” 


Cycloxygenases, arachidonates, 
and prostaglandins receptors 


Cyclooxygenase-2 (Cox-2) is not expressed in normal bladder 
urothelium,®* but overexpressed at the molecular level in invasive 
UC. Cox-2 expression was associated with markers of aggressive 
disease, angiogenesis, lymph node metastasis, increased risk of dis- 
ease recurrence and disease-specific mortality.82204208-211 
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CHAPTER 6.15 


Pathology of bladder 
and upper urinary 
tract tumours 


Simone Bertz and Arndt Hartmann 


Urothelial tumours of the urinary tract 


The epithelium of the urinary tract (termed urothelium) lines the renal 
calyses to the mid-urethra. Tumours arising from this epitehlium share 
similar etiologies, histopathological features, and prognosis, regard- 
less of anatomical location. As such, they may be discussed together. 
While the majority of tumours are urothelial carcinoma in histological 
subtype, up to 10% are either squamous cell, adenocarcinoma or rare 
tumours (such as lymphoma, sarcoma, melanoma, and so on).!? 


Flat lesions of the urinary tract 


Flat urothelial hyperplasia 

According to the 2004 World Health Organization (WHO) classif- 
cation, urothelial hyperplasia is defined as focal marked thickening 
of the otherwise mature urothelium due to an increase in the num- 
ber of cell layers with few or no cytolgical atypia. Flat urothelial 
hyperplasia may be found in the context of inflammatory and neo- 
plastic changes of the bladder. The concept of urothelial hyperpla- 
sia as a premalignant lesion is based on molecular studies showing 
coincidental genetic alterations in urothelial hyperplasia and con- 
comitant papillary bladder cancer. However, if found separately 
there is no evidence for a malignant potential of this lesion. 


Reactive urothelial atypia 

Reactive (inflammatory) atypia is defined as a lesion associated with 
acute or chronic inflammatory conditions of the urothelium, for example 
previous therapy, surgery, or bladder stones. Significant changes in 
cytology and increased mitotic figures may occur. Differential diagnosis 
from neoplastic changes may be difficult in reactive atypia. Knowledge 
of the patient history may be helpful for a correct diagnosis. 


Urothelial atypia of unknown significance 

According to the WHO classifcation of 2004, urothelial atypia of 
unknown significance represents a descriptive term for cases with 
severe atypia disproportionate to the grade of inflammation. In 
these cases, true dysplasia cannot be reliably distinguished from 
reactive atypia as it is found in acute or chronic inflammation of the 
urothelium. Cases diagnosed as urothelial atypia of unknown sig- 
nificance would thus benefit from clinical follow-up. According to 
the literature there is no association with adverse outcomes and the 
clinical value of diagnosing urothelial atypia of unknown signifi- 
cance is very limited. Therefore, the diagnosis of urothelial atypia 
of unknown significance should be avoided. 


Urothelial dysplasia/low-grade intraurothelial neoplasia 

The 2004 WHO classification defines low-grade intraurothelial neo- 
plasia as a flat urothelial lesion with appreciable cytologic and archi- 
tectural changes which fall short of carcinoma in situ (CIS). The 
importance of this preneoplastic lesion is based on molecuar studies, 
suggesting that low-grade intraurothelial neoplasia in association 
with non-invasive papillary urothelial neoplasms would indicate 
molecular instability and adverse patient outcome. According to the 
literature progression from de novo low-grade intraurothelial neo- 
plasia to bladder neoplasia occurs in up to 19% of cases.>* 


Carcinoma in situ/high-grade intraurothelial neoplasia 

CIS is defined as a non-papillary lesion with malignant cytological 
changes of the urothelium.? Histologically flat urothelium with 
marked cytological atypia and loss of stratification of the urothe- 
lium, without evidence of invasive tumour growth are diagnos- 
tic characteristics of CIS (Fig. 6.15.1). Primarily diagnosis of CIS 
required involvement of the full thickness of the urothelium. The 
extended definition includes lesions with a preserved umbrella cell 
layer undermined by otherwise definite CIS.” In the last few years 
immunohistochemistry has become important in diagnosis of CIS. 
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Fig. 6.15.1 Haematoxylin and eosin stain (H&E) of urothelial carcinoma in situ, 
objective x20. 
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Especially CK20 has been established as a marker of differentiation 
of urothelium. In normal urothelium expression of CK20 is con- 
fined to umbrella cells. In contrast to this, in CIS there is an aber- 
rant expression pattern of CK20 with usually strong expression in 
all urothelial cell layers. In some cases of dysplastic urothelium/CIS 
complete loss of CK20 expression or—in cases of pagetoid CIS—a 
patchy staining confined to neoplastic cells may be found. In react- 
ive urothelium expression of CK20 may be increased, in equivocal 
cases additional markers such as CD44 may be used to differentiate 
between neoplastic and reactive urothelial changes.®.? Usually com- 
binations of Ki-67, p53 and CK20 or p53, CD44 and CK20 are used 
to distinguish CIS and reactive changes of the urothelium. 

According to the TNM classification, CIS is classified as pTis, in 
contrast to non-invasive papillary carcinomas of the urothelium 
which are classified as pTa (Table 6.15.1 and Table 6.15.2).!° CIS has 
a considerable molecular instability and is associated with adverse 
patient outcome. CIS is frequently found in association with high- 
grade papillary urothelial tumours, but also rarely occurs as an iso- 
lated lesion as primary CIS. The term secondary CIS refers to CIS 
in patients with previously detected urothelial tumour and the term 
concurrent CIS refers to CIS concomitant with an exophytic urothe- 
lial tumour, whereas the term primary CIS is found in absence of 
previous or concomitant exophytic tumours.!! Additionally, pri- 
mary CIS is frequently associated with urothelial dysplasia. 

Preneoplastic urothelial lesions are predominantly ‘flat lesions, 
implicating that detection of those lesions during cystoscopy may 
be a particular problem. In CIS a patchy erythematous granular or 
velvety aspect with occasional erosion as well as cystoscopically 
undetectable lesions have been described. In some cases, additional 
cytological examination of urine/bladder irrigation may be helpful. 

CIS is more frequent in men, where it presents at 60-70 years of 
age. While about 25% of patients are asymptomatic, other cases pre- 
sent with symptoms of interstitial cystitis (i.e. haematuria, dysuria, 
pain, nocturia, sterile pyuria).!* CIS is detected most frequently at 
the trigone, lateral wall, and bladder dome, and multifocal growth 
sometimes with extent to the upper urinary tract is frequent. 

If untreated, progression of CIS to invasive carcinoma occurs in 
up to 80% and the mean interval between CIS diagnosis and pro- 
gression is five years.!4 CIS is more frequent in tumours of higher 
stage and grade. There is higher risk of progression and cancer 
specific death in cases with invasive urothelial carcinoma with 
concomitant CIS compared to primary CIS.!5 In the case of CIS 
concomitant with non-invasive papillary urothelial carcinoma, 
outcome does not differ from isolated CIS.!? In consequence CIS is 
proven to be the clinically relevant lesion. Furthermore, concomi- 
tant CIS has been shown to increase the risk of recurrence after 
cystectomy in patients with non-muscle-invasive tumour stages 
and stage pT2-tumours and decrease cancer specific survival in 
non-muscle-invasive tumour stages.!© Whether multicentricity of 
CIS is of clinical importance is still under discussion. However, sev- 
eral studies have shown an association between CIS and a high risk 
of progression.!>!7 In patients with non-muscle-invasive bladder 
cancer, concomitant CIS is a risk factor for tumour recurrence in 
the upper urinary tract.!> After cystectomy risk of upper urinary 
tract recurrence has been described to be higher in patients with 
CIS than in patients with muscle-invasive tumours.!® An associ- 
ation between concomitant CIS in urothelial bladder cancer and 
involvement of the urethra has been described for patients who had 
radical cystectomy and pelvic lymphadenectomy.!® 


Table 6.15.1 2010 TNM classification of urinary bladder cancer’? 


T—Primary tumour 


TX Primary tumour cannot be assessed 
TO No evidence of primary tumour 
Ta Non-invasive papillary carcinoma 
Tis Carcinoma in situ 
il Tumour invades subepithelial connective tissue 
2 Tumour invades muscle 
T2a Tumour invades superficial muscle (inner half) 
T2b Tumour invades deep muscle (outer half) 
T3 Tumour invades perivesical tissue 
T3a @ Microscopically 
T3b + Macroscopically (extravesical mass) 
T4 Tumour invades any of the following: prostate, 


uterus, vagina, pelvic wall, abominal wall 
4a s 
T4b + 


Tumour invades prostate, uterus, or vagina 


Tumour invades pelvic wall or abdominal wall 


N—Lymph nodes 


xX Regional lymph nodes cannot be assessed 

0 o regional lymph node metastasis 

1 Metastasis in a single lymph node in the true 
pelvis (hypogastric, obturator, external iliac, or 
presacral) 

2 Metastasis in multiple lymph nodes in the true 
pelvis (hypogastric, obturator, external iliac, or 
presacral) 

3 Metastasis in common iliac lymph node(s) 


M—Distant metastasis 


MX Distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 


Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, 
Illinois. The original and primary source for this information is the AJCC Cancer Staging 
Manual, Seventh Edition (2010) published by Springer Science+Business Media, LLC (SBM). 
For complete information and data supporting the staging tables, visit wwwspringer.com. 
Any citation or quotation of this material must be credited to the AJCC as its primary source. 
The inclusion of this information herein does not authorize any reuse or further distribution 
without the expressed, written permission of Springer SBM, on behalf of the AJCC. 


Prostatic involvement by urothelial CIS occurs significantly more 
frequent in bladder tumours located in the trigone and in cases with 
CIS of the bladder.!° According to the TNM classification system of 
2010 only direct infiltration of the prostatic stroma is classified T4a. 
Prostatic CIS even in the case of subepithelial invasion does not 
justify the classification pT4a.1° 

Histomorphological variants of urothelial CIS have been described, 
including large cell CIS, pagetoid CIS, denuding CIS, small cell CIS, 
micropapillary CIS, and CIS with glandular or squamous differ- 
entiation. Recognition of most of those variants is of low clinical 
importance. An association of glandular differentiated CIS with pure 
invasive adenocarcinoma or micropapillary CIS with micropapillary 
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Table 6.15.2 2010 TNM classification of the ureter and renal pelvis! 


T—Primary tumour 


TX Primary tumour cannot be assessed 

TO No evidence of primary tumour 

Ta Non-invasive papillary carcinoma 

Tis Carcinoma in situ 

mi Tumour invades subepithelial connective tissue 
T2 Tumour invades muscularis 

T3 (Renal pelvis) Tumour invades beyond muscularis 


into peripelvic fat or renal parenchyma(Ureter) 
Tumour invasdes beyond muscularis into 
periureteric fat 


T4 Tumour invades adjacent organs or through the 
kidney into perinephric fat 


N—Lymph nodes 


NX Regional lymph nodes cannot be assessed 
NO No regional lymph node metastasis 
N1 Mertastasis in a single lymph node 2 cm or less in 


greatest dimension 


N2 Metastasis in a single lymph node more than 2 cm 
but none more than 5 cm in greatest dimension, 
or multiple lymph nodes, none more than 5 cm in 
greatest dimension 


N3 Metastasis in a lymph node more than 5 cm in 
greatest dimension 


M—Distant metastasis 


MX Distant metastasis cannot be assessed 
MO No distant metastasis 
M1 Distant metastasis 


Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, 
Illinois. The original and primary source for this information is the AJCC Cancer Staging 
Manual, Seventh Edition (2010) published by Springer Science+Business Media, LLC (SBM). 
For complete information and data supporting the staging tables, visit www.springer.com. 
Any citation or quotation of this material must be credited to the AJCC as its primary 
source. The inclusion of this information herein does not authorize any reuse or further 
distribution without the expressed, written permission of Springer SBM, on behalf of 

the AJCC. 


variant of urothelial carcinoma has not yet been described.?0:21 
Subsequent development of prognostically poor subtypes of invasive 
carcinoma may occur especially in patients with in situ adenocarcin- 
oma of the bladder.”° For therapeutic reasons it is of striking clinical 
importance to differentiate between pagetoid CIS and extramam- 
mary Paget disease extending into the urothelium. 

Finally, reactive atypia of the urothelium, frequently follow- 
ing previous inflammation, but also following therapeutic (surgi- 
cal) intervention or drug-related reactive atypia may mimic CIS. 
Cytologic atypia and architectural changes in this non-neoplastic 
urothelium can be marked and may persist for weeks to months 
after treatment. Information on previous treatment or operative 
manipulation or irritation is absolutely necessary for the patholo- 
gist in order to prevent a misdiagnosis of CIS. 


Papillary lesions of the urinary tract 


Papillary urothelial hyperplasia 

According to the WHO classifcation of 2004 urothelial hyperpla- 
sia is defined as focal marked thickening of the otherwise mature 
urothelium due to an increase in the number of cell layers with 
few or no cytolgical atypia. Morphological changes of papillary 
urothelial hyperplasia include undulating folds of normal urothe- 
lium with lack of fibrovascular cores and lack of cytolgic atypia. 

As flat urothelial hyperplasia papillary hyperplasia may be found 
in the context of inflammatory and neoplastic changes of the blad- 
der. Especially papillary urothelial hyperplasia is frequently accom- 
panied by papillary bladder tumours. Few genetic studies suggest 
that papillary urothelial hyperplasia without atypia may be a pre- 
cursor of low-grade papillary neoplasms.** Additionally a few stud- 
ies suggest papillary urothelial hyperplasia with atypia as a preursor 
of lesions with molecular instability such as high-grade papillary 
neoplasms and carcinoma in situ.?° 


Urothelial papilloma 
The current WHO classification of 2004 defines urothelial papil- 
loma as an usually singular benign urothelial neoplasm with low 
incidence (1-4%) composed of a delicate fibrovascular core cov- 
ered by normal urothelium with sometimes metaplastic changes.* 
The most frequent locations are the posterior or lateral wall close 
to the ureteric orifices and the urethra. The mean age at diagnosis 
is 57 years (range 22-89 years), the male to female ratio is 1.9:1.6 
Usually urothelial papillomas occur as de novo neoplasms but there 
are occasional cases of secondary papilloma occurring in patients 
with history of bladder cancer. Due to their benign behaviour, 
recurrence rates are low in urothelial papilloma (about 8%).74 
Diffuse papillomatosis is a rare lesion where most or all of a cir- 
cumscribed region of the bladder mucosa is covered by multiple 
papillary processes with minimal or no architectural changes, little 
or mild nuclear atypia and absence of mitotic figures. There is a 
typical ‘velvety’ cystoscopic aspect of the mucosal surface.?° This 
lesion may be found in patiens with a known history of papillary 
bladder tumours. Diffuse papillomatosis is a lesion is of uncertain 
malignant potential. 1526 


Inverted urothelial papilloma 

Inverted growth, i.e. invagination of sheets and strands of cyto- 
logically normal or minimally atypical urothelium into the lam- 
ina propria and complete absence of exophytic papillary tumour 
growth are histomorphologic features essential for the diagnosis of 
inverted papilloma. If diagnosed according to these strictly defined 
criteria, inverted papilloma is a benign lesion. Inverted papilloma is 
a usually singular lesion which occurs more frequently in men with 
a male to female ratio of 4-5:1. Inverted papillomas account for less 
than 1% of urothelial neoplasms, recurrence rates are below 1%. 
Progression to carcinoma is extremely rare if inverted papilloma is 
diagnosed properly.’ 

Papillary urothelial neoplasia of unknown malignant potential 
Papillary urothelial neoplasia of unknown malignant potential 
(PUNLMP) is defined as a non-invasive papillary urothelial neopla- 
sia with marked thickening of the urothelium similar to urothelial 
hyperplasia, with minimal or no cytological atypia. This entity has 
been defined in the WHO classification of 2004 in order to stratify 
the group of non-invasive papillary carcinoma according to clinical 
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outcome and to prevent a psycosoccial stigmatization of patients who 
would be otherwise diagnosed with cancer. PUNLMP represents a 
group of tumours with favourable prognosis due to a mostly benign 
course of disease, which according to the 1973 WHO grading system 
would be at the least aggressive end of grade 1 urothelial carcinoma. 

However, the concept of PUNLMP is controversial since there is 
still a risk of progression for this entity of up to 8% and for recur- 
rence of up to 60%.?78 To reflect tumour biology some authors 
propose to replace this entity by low-grade urothelial carcinoma. 
Diagnosis of PUNLMP is rare and requires extensive histological 
examination. Prospective clinical trials and molecular studies will 
be essential to reliably differentiate between lesions which need to 
be diagnosed and treated as carcinoma. 


Malignant epithelial lesions/tumours 
of the bladder 


Grading and staging of bladder cancer 


Until recently, urinary bladder cancer was categorized into ‘super- 
ficial (pTa, pT1, CIS) and ‘invasive’ (pT2-4) tumours. This categor- 
ization should be abandoned as multiple studies have revealed two 
genetic subtypes corresponding to high and low-grade categories 
and significant differences in outcome between stage pTa and pT1 
tumours,??° that is, genetically stable tumours including low- 
grade pTa tumours and genetically instable tumours including 
high-grade pTa tumours, CIS and invasive urothelial carcinoma 
(pT1-4) (please see Chapter 6.14, ‘Molecular biology of bladder 
cancer’). Together with early reurrence, size of the tumour, multi- 
focal tumour growth and CIS, histologic grade is an established 
risk factor associated with tumour recurrence and progression.3!~*3 
Grade of differentiation is reported according to the WHO classi- 
fication system which is based on the degree of nuclear atypia and 
architectural changes of the dysplastic urothelium within the least 
differentiated area of the tumour.” Several grading systems have 
been introduced during the last years. All of them include papil- 
loma as a separate category, whereas there is no complete correl- 
ation between the remaining categories. 

The original 1973 WHO grading system was a three-tiered sys- 
tem with well differentiated (G1), moderately differentiated (G2), 
and poorly differentiated (G3/G4) tumours, based on cytologic 
and architectural changes of the urothelium as applied to most car- 
cinoma in other anatomical sites. The latest WHO grading system 
of 2004 is a two-tiered system differentiating between low- and 
high-grade tumours and additionally introducing the new entity 
of PUNLMP; which is composed of a part of the former grade 1 
group. The group of low-grade tumours of the 2004 grading system 
consists of the residual grade 1 tumours not defined as PUNLMP 
and the better differentiated proportion of the grade 2 group. 


PUNLMP. Low grade 


The former grade 3 group represents the new high-grade group 
together with the poorly differentiated proportion of the grade 2 
group (Fig. 6.15.2). 

Applying the two-tiered WHO 2004 pathologic grading system 
of urothelial carcinoma, low-grade cancer represents a relatively 
indolent tumour confined to the mucosa. Histomorphologically 
architecture of the urothelium is preserved but cytologic atypia is 
obvious. Variations in nuclear size, polarity, and shape and mostly 
basally located mitoses may occur. Long-term follow-up is needed 
in those patients due to recurrence rates of about 70% and risk of 
progression and cancer related death of about 5%.!53435 

Papillary high-grade tumours show moderate to severe archi- 
tectural and cytological changes. Risk of recurrence is about 73% 
and risk of progression has been documented in about 23% of non- 
invasive high-grade tumours. 

Despite the improvement of interobserver variability for this 
two-tiered grading system of urothelial cancer, the former 1997 
three-tiered WHO grading system has not lost its impact as an 
established risk factor for the majority of urologists (as it has 
been validated in most clinical trials and it has been proven as an 
important parameter contributing to risk tables and consequently 
therapeutic decisions).*®3” This is why reporting of both grading 
systems is recommended by most authors.!58 As a result of a com- 
bination of both grading systems a 4-tiered grading system (grades 
1-4) has been proposed recently with PUNLMP classified grade 1, 
low-grade tumours classified grade 2 and high-grade tumours clas- 
sified grade 3 and grade 4, respectively. 15 

Depending on the depth of infiltration within the bladder wall 
invasive urothelial carcinoma is classified according to the TNM 
classification system of 2010 (for further information please see 
https://www.cancerstaging.org).!° Pathologic stage is the most 
important predictor of outcome in bladder cancer and the most 
important factor for therapeutic decisions.*° Transurethral resec- 
tion of the bladder (TUR-B) allows accurate staging of bladder can- 
cer up to stage pT2. Substaging into pT2a and pT2b is not possible 
in the majority of TUR-B specimens, due to the lack of orienta- 
tion and tangential sectioning in tissue specimens obtained from 
transurethral resections. The transurethral resection of the bladder 
specimen should contain parts of the muscularis propria to min- 
imize the risk of understaging of bladder cancer due to a sampling 
error.40-42 

Assessment of higher tumour stages requires evaluation of the 
cystectomy and lymphadenectomy specimen. 


Non-invasive papillary urothelial carcinoma—low 
grade and high grade 


Non-invasive papillary urothelial carcinoma is defined as a neo- 
plasm of urothelium lining papillary fronds, which shows low or 


High grade 
2004 WHO 


Grade 1 Grade 2 


Grade 3 
1973 WHO 


Fig. 6.15.2 Comparison of the 1973 and 2004 WHO grading systems. 


Reprinted from European Urology, Volume 51, Issue 4, Gregory T. MacLennan et al, Histologic Grading of Noninvasive Papillary Urothelial Neoplasms, pp. 889-898, Copyright © 2007 European 


Association of Urology, with permission from Elsevier, http://www.sciencedirect.com/science/journal/03022838 
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Fig. 6.15.3 H&E of non-invasive papillary urothelial carcinoma (pTa G1/low 
grade), objective x5. 


high-grade architectural and cytological features as described 
above. Non-invasive papillary urothelial carcinoma comprises 
about 70% of primary urothelial neoplasms. 

The neoplastic urothelium of low-grade non-invasive papillary 
urothelial carcinoma is characterized by minimal but easily recog- 
nizable changes in cytology and architecture. Mitotic figures are 
infrequent and mostly confined to the lower half of the urothelium 
(Fig. 6.15.3). 

Histomorphological changes of the urothelium in high-grade 
non-invasive papillary urothelial carcinoma are severe, showing 
distortion in architecture and prominent cytological atypia. Mitotic 
figures are frequent and distributed over the whole thickness of the 
atypical urothelium and may be atypical. 

About 70% of low-grade non-invasive papillary urothelial carci- 
nomas will recur and up to 18% of will progress in stage whereas 
tumour progression in high-grade non-invasive papillary urothelial 
carcinomas occurs in up to 65%.*# Risk of recurrence and progres- 
sion has been shown to be higher in large, multifocal, and diffuse 
tumours.*#4> Recurrent tumours and those with short disease-free 
intervals have an even higher risk of another recurrence whereas 
risk of recurrence has been described to decrease with each normal 
interval cystoscopy.*-*° In the case of concurrent CIS, outcome was 
not influenced by the non-invasive papillary tumour component.!4 

As mentioned above histologic grade is an important prognos- 
tic factor regarding recurrence and progression in non-invasive 
urothelial neoplasia. Anyway there is a substantial difference in sur- 
vival rates comparing papilloma and PUNLMP with non-invasive 
papillary urothelial carcinoma, as the former show survival rates 
comparable with the non-tumour population. 


Infiltrating urothelial carcinoma of the bladder 


Invasive urothelial carcinoma is defined as a solitary or multifocal 
urothelial neoplasm, with or without exophytic papillary growth, 
that infiltrates beyond the basement membrane.* Gross examin- 
ation shows solitary or multifocal tumours with a wide range of 
appearances including papillary, solid, nodular, polypoid, and 
ulcerated lesions. Low histologic grade is an exception in invasive 
urothelial carcinomas and occurs in only about 4% of tumours.3?47 


te 


Fig. 6.15.4 H&E of invasive papillary urothelial carcinoma (pT1, G2/high grade), 
objective x5. 


Most pTa/pT1 cancers are papillary tumours (Fig. 6.15.4) whereas 
tumours of higher stages (pT2-4), that is, muscle-invasive tumours, 
are usually non-papillary tumours (Fig. 6.15.5). Muscle-invasive 
cancers represent a highly progressive, lethal disease requiring 
aggressive surgical treatment.48 About one-third of bladder can- 
cers are muscle-invasive at presentation. About 10-15% of muscle- 
invasive cancers are derived from preexisting non-muscle-invasive 
tumours. Some authorities separate these two groups of the inva- 
sive tumours (such as the first EAU guidelines).*° 


Subtypes of urothelial carcinoma 

Apart from focal squamous and glandular differentiation of urothe- 
lial carcinoma, a number of subtypes of urothelial cancer have been 
described.° 

These variants usually occur in variable proportions within 
otherwise urothelial differentiated tumours. Several subtypes may 
co-exist within one tumour and recognition of most of the subtypes 
is of clinical importance, due to significantly poorer outcomes in 
the majority of tumour subtypes. 

Squamous differentiation is found in 21% of urothelial car- 
cinoma of the bladder and needs to be distinguished from pure 
squamous cell carcinoma. Frequency of squamous differentiation 
increases with higher histologic grade and stage.°° Poor response to 
radiotherapy and possibly chemotherapy have been described.5!°? 
Low-grade tumours with a focal squamous component have higher 
recurrence rates.1° 

Glandular differentiation may occur in 6-18% of urothelial carci- 
nomas.*°3 As in tumours with squamous differentiation, there is an 
association with higher histologic grade and poor prognosis despite 
chemotherapy." Glandular differentiation has been described to 
occur frequently after augmentation cystoplasty. In these tumours 
prognosis has been shown to be even worse and they are regarded 
as a distinct variant of urothelial carcinoma.*4 Glandular differenti- 
ation in urothelial carcinoma and primary adenocarcinoma are rare 
lesions. Metastasis from other localizations needs to be ruled out. 

Only a few cases of urothelial carcinoma with villoglandular differ- 
entiation have been reported. This subtype will be diagnosed in the 
case of an additional tumour component with villous architecture. 
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Fig. 6.15.5 H&E of muscle-invasive bladder cancer, objective x10. 


This probably aggressive variant has frequently been described 
together with cystitis cystica and glandularis. Furthermore, an asso- 
ciation with adenocarcinoma of the bladder has been discussed.5556 
In both glandular and villoglandular subtype recognition of invasive 
or non-inasive urothelial differentiated areas is essential. 

Nested variant of urothelial carcinoma is a rare and highly aggres- 
sive variant of urothelial carcinoma associated with poor progno- 
sis. Infiltration of the muscularis propria at the time of diagnosis 
is frequent and represents an important diagnostic feature of this 
subtype as typical nuclear and architectural features of malignancy 
may occur only focally.°” 

The micropapillary variant of bladder carcinoma is usually com- 
bined with conventional urothelial carcinoma and identifies an 
aggressive tumour. Muscle-invasive tumour stages, vascular and/or 
lymphatic invasion and consequently metastasis at the time of diag- 
nosis are frequent. In the case of non-muscle-invasive micropapil- 
lary urothelial carcinoma, a repeat transurethral resection should 
be considered to exclude a sampling error and consideration to 


primary radical cystectomy given. Recognition of micropapillary 
histomorphology is especially important in carcinoma of unknown 
primary in women without gynecologic tumour.5*°? Prognosis in 
micropapillary variant of urothelial carcinoma has been shown to 
be dependent on the percentage of micropapillary areas and the 
depth of infiltration (Fig. 6.15.6).6%61 

Plasmacytoid urothelial carcinoma is another rare histological 
variant of bladder cancer, characterized by aggressive behaviour 
with frequent distant metastasis and early recurrence after chemo- 
therapy. Reported frequency rates are about 2%. The nomenclature 
refers to histomorphological features of this variant as it imitates 
plasmacytoma cytologically and architecturally due to discoesive 
growth of the tumour cells. Inmunohistochemistry for differential 
diagnosis especially of plasmacytoma and lobular-invasive breast 
cancer and diffuse cancers of other anatomic sites (e.g. gastric can- 
cer may be required). Epithelial markers verify the epithelial ori- 
gin of those tumours and loss of E-Cadherine expression is typical. 
Only few tumours with pure plasmacytoid histology have been 
reported.® Clinical diagnosis of this subtype is challenging as typ- 
ical clinical symptoms may be absent.® Furthermore these tumours 
rarely appear as macroscopically identifiable masses. Plasmacytoid 
urothelial carcinoma usually presents with advanced tumour stages 
at the time of diagnosis and is frequently associatd with peritoneal 
dissemination.®+® Successful systemic therapy and radical cystec- 
tomy has been reported in a few cases only (Fig. 6.15.7). 

According to molecular studies primary small cell carcinoma of 
the bladder is derived from the same clonal population as conven- 
tional urothelial carcinoma.*’ Small cell differentiation even if only 
focally is associated with a dismal prognosis and requires different 
therapy schemes and therefore should be diagnosed as small cell 
carcinoma.? Metastatic small cell carcinoma from other sites and 
histomorphological mimics of small cell carcinoma (i.e. lymphoma 
and others), need to be excluded. 

Only few cases of microcystic variant have been described in lit- 
erature. Despite its glandular aspect, there is no relation to primary 
adenocarcinoma, but most notably to the nested type of urothelial 
carcinoma.!> If there is an association to clinical outcome, it is not 
yet clear.6568 


Ee ee 2, 
a 4 yee 


Satis! ) 
Datta & 
eae ORO Ser taj”. 


Fig. 6.15.6 H&E of (A) urothelial carcinoma, micropapillary variant, superficial component, objective x10, H&E; and (B) urothelial carcinoma, micropapillary variant, 


invasive component, objective x20. 
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Fig. 6.15.7 H&E of urothelial carcinoma, plasmacytoid variant, objective x40. 


Further variants of urothelial carcinoma, named according 
to their predominant architectural and cytological features, are 
lymphoepithelioma-like carcinoma, lymphoma-like carcinoma, 
sarcomatoid carcinoma, clear cell variant, lipid cell variant, carcin- 
oma with giant cells, carcinoma with trophoblastic differentiation, 
and undifferentiated carcinoma. Those variants are usually associ- 
ated with poorly differentiated conventional urothelial carcinoma. 
Poor patient outcome is typical in most subtypes of bladder cancer. 


Risk factors in urothelial carcinoma of the bladder 

The 5-year survival rate of muscle-invasive urothelial carcinoma is 
about 50%.!5 Apart from clinical prognostic factors (i.e.—among 
others—multifocality and tumour size >3 cm)® during previous 
years, morphological factors have been investigated with regard to 
their prognostic value, especially within the group of pT1 bladder 
cancers. Histologic grading according to the three-tiered WHO 
classification system of 1997 has been shown to have predictive 
value regarding cancer specific survival in pT1 urothelial bladder 
cancer. For muscle-invasive tumour stages the prognostic value 
of histologic grading is limited, as most of those tumours are high 
grade and G3 tumours, respectively. The pT category is another 
established prognostic factor. 

Concurrent carcinoma in situ is associated with tumours of higher 
stage and grade. Furthermore, lymphatic and/or vascular invasion 
is associated with shorter survival in pT1 tumours. Margin status 
after cystectomy has also been shown to be a predictor of prognosis. 
Lymphovascular invasion has also been shown to be associated with 
poor outcome independent of histologic grade. It is found signifi- 
cantly more frequently in large non-papillary tumours (>5 cm). One 
study revealed significantly different survival rates dependent of pres- 
ence or absence of lymphovascular invasion in stage pT 1 tumours.” 

In pT1 tumours, several methods of substaging have been 
proposed. Apart from substaging systems based on anatomical 
structures of the bladder wall, the extent of the invasive tumour 
component has been investigated. First attempts to substage pT1 
tumours based on the infiltration of the anatomical structure of 
the muscularis propria may in future be displaced by methods 
measuring the absolute extent of the tumour beyond the basement 
membrane. This is due to a number of retrospective studies during 


the last years which revealed significant differences in patient out- 
come discriminating between focally and extensively invasive pT 1 
tumours.7!-74 

An association of tumour growth pattern at the invasion front 
with tumour outcome has been postulated in several publications. 
Infiltrative growth patterns have been shown to be associated with 
adverse outcome in those tumours.”*7° These recently published 
results need to be confirmed in prospective studies and may in 
future substantially contribute to the therapeutic decision. 


Squamous neoplasms of the urinary tract 


Squamous papilloma 


This rare benign neoplasm is composed of papillary cores covered 
by squamous epithelium without cytological atypia. Squamous 
papilloma usually occurs in elderly women; recurrence is infre- 
quent. Squamous papilloma needs to be distinguished from con- 
dyloma accuminatum as association with human papilomavirus 
(HPV) infection, nuclear accumulation of p53, and aggressive clin- 
ical behaviour have only been described for the latter.’” Further 
helpful differential diagnostic features of condylomas are associ- 
ation with condyloma of external genitalia, immunosuppression, 
extensive growth, and multifocality. 


Squamous cell carcinoma 


Diagnosis of squamous cell carcinoma is defined by a pure squa- 
mous lesion (i.e. without any invasive or in situ urothelial com- 
ponent). For details on squamous cell carcinoma of the bladder 
please refer to Chapter 6.23, ‘Squamous cell bladder cancer’ 


Verrucous carcinoma 


Verrucous carcinoma is a rare variant of squamous cell carcinoma, 
usually, but not always associated with schistosoma-infection.”®”? 
There is no evidence for a pathogenetic role of HPV in verrucous 
carcinoma.” Histomorphological features correspond to those of 
verrucous carcinoma localized at other sites of the body. Unlike 
conventional squamous cell carcinoma there is a minimal risk of 
progression despite high recurrence rates.!5 


Glandular neoplasms of the urinary tract 


Diagnosis of adenocarcioma is defined by a pure glandu- 
lar lesion without any invasive or in situ urothelial component. 
Adenocarcinoma of the bladder is uncommon accounting for 
about 0.5-2% of all bladder malignancies. According to the 2004 
histological WHO classification system there are four subtypes of 
adenocarcinoma: enteric, mucinous, signet-ring-cell, and clear 
cell type. For details on adenocarcinoma of the bladder, please see 
Chapter 6.24, ‘Adenocarcinoma of the bladder’ 


Rare lesions of the of the urinary tract 


Further lesions of the urinary tract comprise neuroendocrine 
tumours (including small cell carcinoma; see above), melanocytic 
tumours, mesenchymal tumours, haematopoietic and lymphoid 
tumours of the urinary tract corresponding to their morphological 
couterparts in other sites of the body. Most of them may either 
occur as primary tumours or as secondary tumours in the context 
of systemic disease. 
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Metastatic tumours and secondary 
extension in urinary bladder 


There is a broad range of tumours secondarily infiltrating the urin- 
ary bladder. Most commonly there is direct invasion from adjacent 
primary sites in decreasing frequency: colorectal carcinoma, pros- 
tatic carcinoma, and carcinoma of the cervix.8° Metastatic spread is 
much less frequent and usually located in the bladder neck or tri- 
gone. Primary tumours are most frequently located in the stomach, 
skin, lung, and breast.8! Most of those tumours are adenocarcino- 
mas and only few secondary tumours have distinctive histomor- 
phological and immunohistochemical features. Patient history and 
results of clinical examinations are therefore of utmost importance 
for sufficient diagnosis. 


Upper urinary tract tumours 


Upper tract tumours comprise tumours of the renal pelvis and 
ureter. They account for 5-10% of all urothelial carcinomas and 
occur in less than 10% of patients with bladder tumours.” The 
incidence of these tumours is about 0.7 to 1.1 per 100,000 inhab- 
itants.? Upper urinary tract tumours are more common in older 
patients (mean 70 years)!>; 90% of all upper tract carcinomas are 
urothelial carcinomas. Localization in the pyelocaliceal system 
occurs twice as frequent as in the ureter and multifocality is fre- 
quent.? Another interesting fact is that there are hereditary cases 
of upper urinary tract urothelial carcinoma occurring in associ- 
ation with hereditary non-polyposis colorectal cancer-syndrome 
(HNPCC/ Lynch-Syndrome), usually in patients <60 years of age 
and/or other HNPCC associated cancers in their own history or 
family history.®* Benign epithelial tumours comprise urothelial 
and inverted papilloma, squamous papilloma, and villous adenoma 
with histomorphological features corresponding to the homonyous 
lesions in the bladder. For flat urothelial atypia the histomorpho- 
logical categorization corresponds to that in the bladder. 

According to the literature the risk or upper urinary tract recur- 
rence increases in patients with multiple and high-risk tumours.*? 
Furthermore, history of bladder cancer and multifocality of 
upper urinary tract tumours seem to be risk factors for bladder 
recurrences after surgery for upper urinary tract urothelial cell 
carcinoma.*4 

Regarding non-invasive and invasive urothelial carcinoma the 
basic histomorphological features of upper urinary tract tumours 
are identical to bladder tumours including the entire morpho- 
logical range of histological subtypes. As in bladder carcinoma, 
squamous differentiation occurs quite frequently, comprising 44% 
of all tumours of the renal pelvis. An association between positive 
margins during cystectomy and upper urinary tract recurrence has 
been shown.®° 

About 60% of upper urinary tract urothelial carcinomas reveal 
invasive tumour stages at the time of diagnosis, which is much more 
frequent than in bladder cancer. Occurrence of tumours of higher 
histologic grade at the time of diagnosis is also higher compared to 
bladder tumours.8687 Compared to tumours of the bladder there is 
a different TNM classification and Union for International Cancer 
Control (UICC) staging system of upper urinary tract tumours 
mostly due to different anatomical conditions.!° 

As in bladder cancer histological grading is carried out according 
to the WHO classifications of 1973 and 2004. 


The most important prognostic histopathological factors in 
upper urinary tract cancer are tumour stage, grade, and vascular 
invasion.8.89 Muscle-invasive tumours and tumours of histological 
grade G3 go along with a very poor prognosis with five-year sur- 
vival rates of less than 50%.8%°° Further factors of adverse clinical 
outcome after radical nephroureterectomy are extensive tumour 
necrosis and solid tumour growth.?192 As in bladder cancer con- 
comitant CIS and large size of the tumour are associated with 
adverse outcomes in organ-confined disease. Intravesical recur- 
rence occurs with a frequency ranging from 15 to 50% after sur- 
gery for upper urinary tract tumours, necessitating strict follow-up, 
especially of patients with risk factors including low-tumour stage 
and multfocality.°4 


Conclusion 


Bladder and urinary tract cancer comprise a wide range of histomor- 
phologic appearances and clinical courses. Apart from histologic 
grading, staging, multifocality of tumours, and tumour size, histo- 
morphological characteristics such as concomitant CIS, vascular 
invasion, infiltration patterns, and the extent of the invasive tumour 
component have become important features for prognostic stratifi- 
cation of tumours. Divergent differentiation is typical for urothelial 
carcinoma, especially of higher grade and stage. Recognition and 
correct diagnosis of histomorphological subtypes of bladder cancer 
is crucial for therapeutic implications and prognosis. 
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CHAPTER 6.16 


Screening for bladder cancer 


Maree Brinkman and Maurice Zeegars 


Introduction to screening 
for bladder cancer 


In 1968, Wilson and Jungner proposed criteria for the successful 
implementation of disease screening programmes.! Specifically, 
effective screening required a cost-efficient, accurate safe test, which 
could be applied to a definable, compliant population, to detect a 
disease whose natural history may be altered by earlier detection 
and treatment. The goal of screening is to reduce disease-specific 
mortality, but screening may lead to over diagnosis of indolent 
disease, provide false reassurance to patients with false negative 
results, and may be harmful to the individual. Finally, screening is 
expensive to healthcare providers and only provides a public health 
benefit if high compliance rates are achieved in the target popula- 
tion. Consequently, in most countries, population screening is only 
recommended when benefits outweigh risks, such as for cervical, 
breast and colorectal cancers (see Table 6.16.1). 

To date, there are no known screening programmes of asymp- 
tomatic individuals for bladder cancer (BC) anywhere in the world. 
This is despite the fact that BC ranks as the ninth most common 
malignancy worldwide, is one of the most expensive to treat and 
manage, has clearly identified aetiological associations (please see 
Chapter 6.13 for a bladder cancer overview and aetiology)? and 
at-risk populations, and that disease outcomes have not improved 
over the last 25 years.* suggesting the need to downstage tumours 
at diagnosis. Furthermore, the ease of access to representative bio- 
logical fluids (urine) makes it a promising target of non-invasive 
screening. There are a range of urinary-based tests available for 
the detection and diagnosis of BC in those presenting with haema- 
turia, irritative voiding symptoms, or who have a history of the 
disease. While BC screening may reduce mortality,°-’ the United 
States Preventive Services Task Force recently concluded there was 
insufficient data to reach a conclusion regarding the benefit of this 
approach.® The main problem with BC screening is the identifica- 
tion of a sufficiently high-risk population to justify the cost. This is 
true given the prevalence of the main aetiological factors: namely 
cigarette smoking, pollution and occupational chemical exposure, 
and the highest risk groups, namely elderly males. This problem 
could be overcome if high-risk groups were defined using epi- 
demiologic and genetic risk factors.? Here we will review screening 
for BC in the context of the Wilson and Jungers criteria. 


Screening tests 


An ideal screening test should be safe and acceptable to the patient, 
reliable and replicable technologically, economically affordable, 
and accurate (measured with sensitivity and specificity, and so on). 


For BC, most developed tests have assessed urinary contents for 
cancer-specific biomarkers. They are safe and acceptable to patients 
but may not be sufficiently robust or reliable in disease detection. 


Haematuria 


Urinalysis to test for haematuria, is one of the most common and 
least invasive of any initial screening test for bladder cancer. It has 
been reported that approximately 85% of BC cases present with 
visible haematuria.!° Detection rates for BC are not as high for 
non-visible (microscopic or dipstick) haematuria, which requires 
the use of reagents/indicators or a microscope to test for blood in 
the urine. Non-visible haematuria can be identified from a positive 
dipstick test where the presence of haemoglobin causes the indica- 
tor to change colour, or the presence of more than three erythro- 
cytes (red blood cells—RBCs) per high powered field from urine 
specimens.!! 

While the sensitivity of haematuria for BC is high, specificity is 
lower due to other factors producing haematuria, including urin- 
ary tract infection, nephrologic conditions (commonly IgA neph- 
ropathy), menstruation, and even dehydration.!! Population-based 
screening studies report 16% to 24% of men <50 yrs have haema- 
turia.!? Dipsticks detect red blood cells using the peroxidase-like 
properties of haemoglobin to oxidize a chromogen, resulting in 
a colour change. Consequently, false positive results may be pro- 
duced by other peroxidases (e.g. myoglobin or other oxidizing 
agents), and less commonly interfering agents (e.g. ascorbic acid) 
may cause false negative results. Haematuria does not automatic- 
ally equate to a malignancy, neither does its absence necessarily 
exclude the possibility of BC. Haematuria may also be intermittent 
and require testing repeatedly across several time intervals before 
it is detected. As weekly haematuria testing is impractical on a 
wide scale basis, it is suggested daily tests for 10-14 days every 6-12 
months are a compromise for disease detection. 13 

A prospective analysis of urological patients from the United 
Kingdom, reported that 18.9% of the 948 patients with macroscopic 
haematuria were found to have BC on cystoscopy compared with 
only 4.8% confirmed BC cases of the 982 patients presenting with 
microscopic haematuria.!4 Furthermore, detection rates were typ- 
ically higher for older individuals (>50 years) in both groups and 
for females (16%) compared with males (4%) among the patients 
with microscopic haematuria. 

The effectiveness of a haematuria home screening program for 
healthy men 50 years and older using a chemical reagent strip 
(Ames Hemastix) was compared with a state-wide population- 
based sample of men the same age from a US tumour registry." 
Similar proportions of low-grade superficial versus high-grade or 
invasive cases were found in both groups however, the proportion 


Table 6.16.1 Screening recommendations and evidence for bladder, breast, cervix, and colorectal cancer screening, based on NCI's physician data query (PDQ) cancer information summary 


Cancer type 


Bladder cancer 


Breast cancer 


Cervix cancer 


Colorectal cancer 


European Union Recommendation 


one 


Mammography screening for breast cancer in 
women aged 50 to 69 


Pap smear screening for cervical cancer 
precursors starting not before the age of 20 
and not later than the age of 30 


Faecal occult blood screening for colorectal 
cancer in men and women aged 50 to 74 


Benefits There is inadequate Based on fair evidence, screening mammography Based on solid evidence, regular screening Based on solid evidence, screening for 
evidence to determine in women aged 40 to 70 years decreases breast of appropriate women for cervical cancer colorectal cancer reduces colorectal cancer 
whether screening for cancer mortality. The benefit is higher for older with the Pap test reduces mortality from (CRC) mortality, but there is little evidence 
bladder and other urothelial women, in part because their breast cancer risk cervical cancer. Screening is not beneficial that it reduces all-cause mortality, possibly 
cancers has an impact on is higher in women older than 60 years if they have because of an observed increase in other 
mortality had a history of recent negative tests causes of death 

Description Study design There are no studies Meta-analysis of individual data from four Population-based and cohort studies Randomized controlled trials and case-control 

of the that directly address this randomized controlled trials and three additional studies 

evidence question RCTs 


Internal validity IA RCTs: varies from poor to Good Good 
goodMeta-analysis: good 
Consistency IA Fair Good Good 
Magnitude of effects IA Cancer-specific mortality is decreased by 15% Regular Pap screening decreases cervix 15-33% reduction in mortality for faecal 
on health outcomes for follow-up analysis and 20% for evaluation cancer incidence and mortality by at least occult blood testing (FOBT), 60-70% for left 
analysis. Absolute mortality benefit for women 80% colon using colonoscopy 
screened annually starting at age 40 years is 4 per 
10,000 at 10.7 years. The comparable number for 
women screened annually starting at age 50 years 
is approximately 5 per 1,000. Absolute benefit 
is approximately 1% overall but depends on 
inherent breast cancer risk, which rises with age 
External validity N/A Good Good Fair 


Harms Based on fair evidence, Treatment of insignificant cancers (overdiagnosis, Regular screening with the Pap test leads Reguar screening with FOBT results in a 
screening for bladder and true positives) can result in breast deformity, to additional diagnostic procedures high rate of false positive test that can lead 
other urothelial cancers lymphedema, thromboembolic events, new and treatment for low-grade squamous to further invasiev diagnostic procedures 
would result in unnecessary cancers, or chemotherapy-induced toxicities intraepithelial lesions (LSIL), with long-term (colonoscopy, flexible sigmoidoscopy) 
diagnostic procedures with consequences for fertility and pregnancy. 
attendant morbidity These harms are greatest for younger 

women 

Description Study design Opinions of respected Descriptive population-based studies Cohort or case-control studies RCT and case-control studies 

of the authorities based on clinical 

Evidence experience, descriptive 


studies, or reports of expert 
committees 


Internal validity 


N/A 


Good 


Good 


Good 


Consistency 


N/A 


Good 


Good 


Good 


Magnitude of effects 
on health outcomes 


Good evidence for rare 
harms 


Overdiagnosis in 33% of cancer detected, 50% 
additional testing in 50% of women over 10 years, 
25% of whom will have biopsy, 6-46% of invasive 
cancer will have false negative mammograms, 
radiation induced cancer estimated between 10- 
32/10,000 exposed to a cumulative dose of 1 Sv 


Additional diagnostic procedures were 
performed in 50% of women undergoing 
regular Pap testing. Approximately 5% were 
treated for LSIL. The number with impaired 
fertility and pregnancy complications is 
unknown 


Low PPV for the FOBT with 80% of 

false positives tests. Clinically significant 
complications can occur with colonosopy 
and sigmoidoscopy but are rare. They include 
perforations, bleeding, cardiovascular events, 
and other adverse events are rare 


External validity 


N/A 


Good 


Good 


Good 


N/A: Not applicable; RCT: Randomized controlled trial. 


Reprinted from European Urology, Volume 63, Issue 6, Stéphane Larré et al, ‘Screening for Bladder Cancer: Rationale, Limitations, Whom to Target, and Perspectives’, pp. 104-58, Copyright © 2013, European Association of Urology, with permission from 
Elsevier, http://www.sciencedirect.com/science/journal/03022838 
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of late-stage disease was lower in the screened patients. At 14 years 
of follow-up, 20.4% of the tumour registry patients had died from 
BC compared with none of the participants with BC detected by 
screening.° 

Urinalysis for haematuria is inexpensive and without adverse 
side effects, but a low positive predictive value (PPV) of around 8% 
limits its effectiveness as a routine screening tool, particularly as a 
one-off test.> Messing et al. showed it is an acceptable test to the 
population as most (97.7%) subjects completed 210 of 14 repeated 
tests. 15 


Urine cytology 


Following haematuria analysis, the next simplest test is to examine 
the cellular appearance of urinary cells. These are usually obtained 
by spontaneous voiding, but can be retrieved by bladder washing 
(so-called barbotage).!6 Urinary samples are centrifuged to con- 
centrate the cells, which are then fixed in alcohol and stained using 
the Papanicolaou technique.!! Due to the potential for cytolysis, 
specimens that have been stored in the bladder overnight (first 
voided urine of the morning) or stored in a collection container for 
several hours should not be used for cytological analysis. 17 

Cytopathologists identify and classify exfoliated cells as either 
normal, atypical/indeterminate, suspicious, or malignant.!8 High- 
grade urothelial carcinoma cells (UCC) from exophytic tumours 
or carcinoma in situ (CIS) are more abnormal in appearance than 
low-grade cells, and so their presence is usually detected and often 
indicative of malignancy.!! Compared with normal urothelial cells, 
tumour cells have a higher nuclear to cytoplasmic ratio, hyperchro- 
matic and eccentrically located nuclei, and prominent nucleoli.!! 
In high-grade UCC, cytology has a high specificity and sensitivity. 
Low-grade UCC more closely resembles normal urothelial cells!! 
and so these tumours are often missed by cytology. This contributes 
to cytology’s relatively low sensitivity rate (34%), combined with 
the different evaluation criteria used between cytopathologists.!©!9 
Classification of cells may be complicated by previous treatments 
such as chemotherapy/radiotherapy, particularly within the past 
12 months, cytotoxic drugs such as cyclophosamide, or other uro- 
logical/nephrological conditions.!! Generally, however, urinary 
cytology has a specificity reported to be very high (99%) and so a 
positive cytology result should be investigated as this can indicate 
a malignancy in a majority of patients, especially those with high- 
grade tumours.!7!9 

Cytology is widely used and considered to be the best available 
non-invasive screening test for BC.!° It performs better at detect- 
ing high-grade tumours but has poorer detection rates, sensitivity, 
and specificity for well and moderately differentiated cells, which 
might make it an inappropriate test for screening the general popu- 
lation. Some authors suggest that the detection of low-grade UCC 
is not vital in screening programmes, as these rarely cause mortality 
(reviewed in’). The performance of cytology can be improved when 
used in conjunction with other biomarkers.!° 


New urine biomarkers 


There are several novel or experimental soluble and cell-based 
urine biomarkers that have been reported and introduced for the 
clinician. These have been developed for potential use as either a 
replacement or to be used in conjunction with traditional screen- 
ing tests.2° Of these, the most mature are the NMP22 test and 


fluorescence in situ hybridization (FISH) for chromosomal altera- 
tions (UroVysion"). 


Nuclear matrix protein 22 (NMP22) 

Among the promising group of new urine biomarkers that have 
been approved by the United States Food and Drug Administration 
(FDA) for use in screening and monitoring of patients with a his- 
tory of BC is Nuclear matrix protein 22 (NMP22).!° This nuclear 
protein regulates cellular mitotic activity and is measured quan- 
titatively using an enzyme-linked immunosorbent assay (ELISA) 
in the NMP22 BC Test”. Alternatively the qualitative NMP22 
BladderChek Test? is a point of care test kit. There have been reports 
of NMP22 levels being five times higher in BC patients compared 
with those without a bladder tumour.”! Elevated levels, however, 
can also be due to many other non-malignant conditions as well. 
A recent systematic review of the existing literature reported that 
NMP22 has a relatively high sensitivity of 68% for bladder can- 
cer but the specificity was only 79%.?? A study from a Veterans 
Affairs urology practice compared the performance of NMP22 to 
cytology and office cystoscopy procedures over one year.” The 
authors reported a similar specificity for NMP22 (96%) compared 
with cytology (97%) both of which were higher than cystoscopy 
(88%). NMP22 also had a higher sensitivity (51% vs. 35%) and was 
cheaper than cytology ($8,750 vs. $52,500 for the same group).”3 
This study suggests that NMP22 could be a useful test for the detec- 
tion of lower grade tumours as an adjunct to cytology. Of note, 
NMP22 point of care testing is approved by the FDA only in com- 
bination with cystoscopy. 


Bladder tumour antigen 

The bladder tumour antigen (BTA) test can detect the human com- 
plement factor H-related protein which is produced and secreted 
by BC cells.!© This biomarker can be measured in the BTA stat® 
point of care qualitative immunoassay and the quantitative BTA 
TRAK” ELISA.!° These assays have both been approved by the FDA 
for surveillance of BC when used in conjunction with cystoscopy.!® 
A clinical cohort of 126 subjects reported that BTA had a sensitivity 
of 72% and specificity of 53% for detecting BC.” These results vary 
from those reported from a follow-up study on BC (FinnBladder 
studies) which found that from 501 voided urine samples BTA had 
56% and 85.7% sensitivity and specificity, respectively.” While BTA 
is more sensitive than urinary cytology, false positives can result 
from the presence of infection, inflammation, and haematuria.?° 


UroVysion® 

UroVysion® is a cytogenetic biomarker for BC that uses fluores- 
cence in situ hybridization to detect aneuploidy for chromosomes 
3, 7, and loss of 9p21 locus of the P16 tumour suppressor gene.7° 
UroVysion® was approved for use by the FDA in 2001 to monitor 
BC recurrence and as a screening test for patients with haematuria 
but with no history of BC in 2005.77 Results from the UroScreen 
Study consisting of 1,609 subjects indicated that FISH with a spe- 
cificity of 96.97% and a negative predictive value of 99.26% is com- 
parable to cytology in terms of detecting BC.*° 


ImmunoCyt™ 

ImmunoCyt™ has been approved for BC surveillance. This test 
combines cytology with an immunofluorescence for two mucin- 
like antigens and high molecular weight glycosylated carcinoem- 
bryonic antigen.!® A sensitivity of 82% (76-89%) and specificity of 


85% (71-85%) for ImmunoCyt’s have been reported in a pooled 
analysis.?* The interpretation of ImmunoCyt requires specialized 
laboratory technicians, limiting this test’s clinical application.!® 


Minichromosome maintenance proteins 

The minichromosome maintenance (MCM) family of proteins 
(MCM proteins 2-7 collectively) are involved in DNA synthesis 
and are highly expressed in proliferating cells making them other 
potential biomarkers for detecting BC.2® The levels of MCM pro- 
teins can be measured in urine sediments using an immunofluoro- 
metric assay.” A prospective blinded observational study of 1,677 
patients undergoing investigation for urinary tract malignancy 
reported that BC was detected with 69% sensitivity and a 93% nega- 
tive predictive value (NPV) using Mcm5.?8 This study compared 
Mcm5 with NMP22 and found both biomarkers shared similar 
strengths and limitations. Gender differences were also reported in 
the performances of both tests.28 Furthermore, the combined use 
of the two tests increased detection rates of almost all advanced BC 
cases to around 95% of clinically significant disease.78 

Another study reported using immunocytochemistry to test 
urine samples from 497 patients attending a urological clinic 
for MCM protein 2.?° These patients presented with either gross 
haematuria or were undergoing cystoscopic surveillance. BC was 
detected with 81.3% sensitivity, 76% specificity, and a 92.7% NPV 
for the group presenting with gross haematuria. Sensitivity, speci- 
ficity, and the NPV were 62.3%, 89.9% and 89.9% for the patients 
undergoing cystoscopy, respectively.” 

Other novel urinary biomarkers that are also emerging but still 
under investigation are: additional nuclear matrix proteins BLCA- 
1 and BLCA-4, cytokeratins that are overexpressed in BC and can 
be detected by ELISA or RT-PCR; hyaluronic acid (promotes cell 
adhesion) and hyaluronidase (breaks down hyaluronic acid) both 
of which can be measured by ELISA-like assays; survivin which 
is an inhibitor of apoptosis and is measured by RT-PCR; telomer- 
ase, fibrin degradation products, DD23 monoclonal antibody, and 
Lewis X antigen.*° 


Cystoscopy and imaging studies 


Cystoscopy is considered the gold standard diagnostic tool for 
detecting BC either alone or in conjunction with other tests.1° 
Haematuria, positive urine cytology, or biomarker results should all 
be followed up with a detailed cystoscopic examination.*! Patients 
who present with urgency, frequency, nocturia, and urge incontin- 
ence should also undergo cystoscopic investigation as these voiding 
symptoms can indicate an underlying malignancy, especially for 
CIS tumours.*! Cystoscopy is used to detect the presence, location, 
and number of initial and recurrent tumours.!” It also guides the 
urologist during transurethral resections of bladder tumours. 
Flexible cystoscopy and rigid white light cystoscopy are widely 
used for the diagnosis and surveillance of BC.?® Traditional white 
light cystoscopy, however, is thought to lack the sensitivity of hex- 
aminolevulinate fluorescence cystoscopy to detect small flat lesions 
(e.g. CIS).32 Cystoscopy is also invasive, uncomfortable, expensive 
and reportedly can cause infection in up to about 5% of cases.*3 
According to best practice guidelines of the American Urological 
Association cystoscopy should be avoided in patients at low risk of 
UCC with imaging preferably preceding this procedure.*4 
Computerized tomography, magnetic resonance imaging, intra- 
venous urography, and ultrasonography are the more commonly 
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used imaging tests for diagnostic rather than for screening pur- 
poses.34 These modalities are often conducted in conjunction with 
cystoscopy and are useful in assessing the presence of upper tract 
tumours that can be present in patients with a history of BC.74 Some 
urologists recommend annual urography in high-risk BC patients. 


Bladder cancer as a screening target 


The outcome from BC has not improved for 20-30 years, sug- 
gesting the need to introduce attempts to down stage the disease 
at diagnosis (through screening) or to identify better treatments.4 
Diseases that make suitable targets for screening should be serious 
(either cause death or severe disability), have a known natural his- 
tory (e.g. a non-invasive stage that progresses to invasion) and have 
an early, identifiable stage that can be treated to alter its natural his- 
tory. Ideally, the disease should also be common. In 2008 there were 
an estimated 386,300 newly diagnosed cases and 150,200 deaths 
due to BC worldwide.*> BC is a heterogeneous disease, with dis- 
tinct molecular pathways.°®37 Around two-thirds of tumours are 
low-grade and non-invasive (low risk) tumours. These may cause 
symptoms and bother, but only very rarely cause death (<5%). 
Therefore, early detection of these tumours is unnecessary. The 
remaining one-third of BCs are of high grade. These may present 
with or before the onset of muscle invasion. Early radical treatment 
of high-grade non-muscle-invasive (NMI) or invasive BC before 
the onset of metastasis, is known to prevent BC deaths and alter 
the natural history of this aggressive cancer. Therefore, detection 
of BC through screening should be targeted towards high-grade 
disease.1737 

One problem with asymptomatic population screening is the 
detection of incidental or latent cancers. These tumours are slow 
growing and would not have presented clinically within the owner’s 
lifetime. The detection of incidental tumours (and their subsequent 
treatment) is an adverse outcome of a screening programme and 
should be avoided if possible. While breast and prostate cancers 
have a large proportion of incidental disease within the general 
population, this does not appear true of BC. Incidental BC is rarely 
found at autopsy.383? 

One of the key factors for health providers to consider with 
screening is a cost-benefit analysis. BC is currently ranked the 
ninth most common malignancy worldwide, but is one of the most 
expensive to manage.®4! The cost of BC was estimated in 2001 as 
being between $96,000 and $187,000 per patient (US dollars). In 
2002, the British government spent £55.4M on BC.* Much of this 
money is spent on managing patients with advanced disease. Hence 
the early detection of aggressive cancers, and the cheaper cost of 
treating localized BCs would favour screening. 


Populations to screen 


It is important to identify a population with sufficient background 
cases (prevalence) of a disease to make screening an economically 
viable proposal. For bladder cancer, one can consider the entire 
general population, a selection of the general population or focus 
upon persons exposed to known bladder carcinogens.*% 


Screening the general population for bladder cancer 


There are two large reported studies of BC screening within the 
general population (reviewed in). The first study screened 1,575 


607 


608 
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North American men for dipstick haematuria for 14 consecutive 
days, twice (nine months apart). Men (283 in total) with haematuria 
underwent cystoscopy. In total, 21 BCs were diagnosed (including 
one with muscle invasion).*4 The stage at diagnosis and BC spe- 
cific survival was favourable in screened men when compared to a 
matched unscreened cohort of 509 men from the local cancer regis- 
try. Specifically, screened men were ten times less likely to be diag- 
nosed with muscle-invasive cancer (4.8% vs. 45.5% (unscreened 
men)). Screened men also had a lower BC mortality (0% vs. 20.4% 
(unscreened men)) than the general population.” 

In the second study, Britton et al.4> tested 2,356 British men (aged 
60-85) for haematuria using dipsticks (weekly for 10 weeks). Urine 
testing was positive in 20% of men (vs. 16% in*#*) and BC diagnosed 
in 17. No men with muscle-invasive BC were found, but more than 
half (9 out of 17) had high-grade non-muscle-invasive tumours. No 
comparisons with unscreened men were made. With follow-up, the 
impact on survival was not as favourable as in“4, as more than half 
of the high-risk patients (five out of nine) progressed to a muscle- 
invasive cancer and three died from BC.*° This high BC mortality rate 
suggests that understaging or under-treatment within this population. 

Hedelin et al.4” screened 1,096 men (aged 60-70) through ran- 
dom mailing invitation for BC using dipstick haematuria testing 
and a bladder tumour biomarker (UBC). Non-visible haematuria 
was present in around a quarter of men and further investigation 
was restricted to men with either urinary bother (defined as an 
IPSS score >10) or a positive UBC test or more than 25 RBC/ul. In 
total, 7 BC were detected (0.6%) in current or ex-smokers. 

As seen in these reports, the background rate of BC is low in the 
general, asymptomatic population (even when restricted to men 
over 60 years of age). Screening for BC in the general population is 
therefore not viable.4® 


Screening high-risk fractions within the general 
population 


To alter the disease-specific survival within a population, screening 
needs to capture most high-grade non-metastatic BCs in a popu- 
lation. This population should be at high risk, to make screening 
economically viable, and could be defined using known aetiological 
factors for BC. These factors primarily include increasing age, male 
gender, cigarette smoking, and occupational carcinogen exposure. 

Cigarette smoking is the most common acquired risk factor for 
BC. It is estimated that smoking accounts for approximately 50% of 
BC in men and 30% in women.” Cessation of smoking is reported 
to reduce the risk of BC and to lower subsequent recurrence and 
progression rates in BC patients.°° With regards to age and gen- 
der, the highest incidence of BC occurs in ageing Caucasian males 
from Westernized countries.*° BC rarely occurs before the age 
of 40 years,°! and the male to female ratio is around 3:1.°! There 
appears to be differences between different ethnic groups in the risk 
of developing bladder cancer. Caucasian American males typically 
have twice the risk of African American males but mortality rates 
are higher in the latter group of males while Asian populations have 
traditionally had the lowest rates of BC. 

A recent evaluation of the US Prostate, Lung, Colorectal, and 
Ovarian Screening Trial (PLCO) cohort used 149,619 individuals 
aged 55-75 years and decision-analytical methodology to incorp- 
orate these risk factors to determine BC risk. Using patient age, 
gender, smoking history, and family history of BC, the authors cre- 
ated a risk scoring system that ranked individuals for screening. 


Screening the high-risk cohort (representing 25% of the entire popu- 
lation) would have detected 60% of all significant BCs (57 of 95). 
The highest risk scores were allocated to males, over 65 years old 
with a smoking history of 220 more pack-years. Van der Molen 
et al. suggested classifying populations into low (<50 years old with 
invisible haematuria), medium (>50 years with invisible /<50 years 
with visible haematuria) and high BC risk (>50 years with visible 
haematuria) using age, the extent of haematuria and exposure to 
known risk factors (such as analgesic use (e.g. phenacetin), envir- 
onmental exposure to carcinogens (e.g. occupation and patient his- 
tory of urological cancer, repeated infections, and irradiation).>? 
They reported that for patients presenting with visible haematuria, 
malignancy was found in 10-28% of cases overall and up to 10% 
of patients under 40 years of age. The risk of urological cancer was 
lower for patients presenting with recurrent non-visible haema- 
turia (8.9%) and even less for patients with non-visible haematuria 
and younger than 50 years (no cases of BC). 


Screening workers with occupational 
carcinogen exposure 


Occupational exposure to carcinogens is considered the second 
commonest acquired risk factor for BC. These chemical carcino- 
gens include aromatic amines (beta-naphtylamine, aminobiphe- 
nyls, benzidine, and so on) and polycyclic aromatic hydrocarbons. 
Exposure occurs in a variety of occupations in industries includ- 
ing: hairdressing, automotive and petrochemical, plumbing, lea- 
ther, clothing, rubber, aluminium, painting/dyes, printing, and 
dry cleaning.*° Authors have reported screening workers exposed 
to the occupational carcinogens (reviewed in °) and find BC in 
0-1.6% of screen attendees (see Table 6.16.2). 

Lotan et al. screened 1,175 male and 327 female smokers or car- 
cinogen exposed-workers using the NMP22 BladderCheck urine 
test.°354 Three per cent (3%) had never smoked and 34% worked 
for >15 years in high-risk occupations. The NMP22 test was posi- 
tive in 5.7% of the population, 15% had microscopic haematuria 
and two non-invasive tumours were found in male heavy smok- 
ers (>40 pack-years of smoking).°> The PPV of NMP22 was 2.4%. 
The authors suggested screening women and light smokers was not 
worthwhile. 


Very high-risk populations 

Certain very high-risk exposures for urothelial carcinoma are 
known. One such agent is aristolochic acid found in various Chinese 
herb medicinal products and contaminated wheat in the Balkans. 
Zlotta et al. followed 43 patients with high aristolochic acid expo- 
sures and the resultant nephropathy." With 7.7 years of follow-up 
(median) a total of 22 BCs (51%) had been found. None were inva- 
sive at diagnosis and all treated. All similar patients (n = 3) who 
declined screening died from metastatic BC. 


Family history and genetics 


To date, the role of genetic predisposition has not been evaluated as 
a tool to aid BC screening. In the future it is likely this may be part 
of an assessment to stratify BC screening. With regards to genetics, 
a few case-series of families with high BC penetrance have been 
reported.*° These may be due to general cancer syndromes, such as 
Li-Fraumeni (p53 mutation), retinoblastoma and lynch syndrome 
(DNA mismatch repair) kindreds.>”> However, currently there are 
no known familial cancer genes that predispose to only BC. 


Table 6.16.2 Summary of bladder cancer cohort screening studies 


Author Reference* Place Year Targeted population Age No. Test No. pos % pos Diagnostic procedure No. No. %Bca_ Estimated 
tests tests cystoscopy Bca found incidence per 
100,000 per 
year 
Messing e 34 USA 1989-92 Men >50 63 1575  Dipstick 14 days repeated 258 164 Cystoscopy 258 21 1333 1,338 
9 months later 
Whelan 73} es, 333), UK 1989, 92 Men 60-85 69 2,356 Weekly dipstick for 10 weeks 474 20.1 Cystoscopy 317 7 0.72 722. 
35) 
Roobol 25 The 2008 Men 50-75 50-75 1,611 Dipstick 14 days. If positive 378 3.6%! Cystoscopy 58 1 0.06 62 
Netherlands MP22, FGFR3, Microsatellite, 
methylations 
Hedelin 26 Sweden <2006 Men 60-70 60-70 1,096 Dipstick and UBC test 174 15.9 Cystoscopy (white and 174 7 0.64 639 
fluorescent) 
Zlotta AR 27 Belgium 2011 Aristocholic acid = 43 Cystoscopy x2/y + systematic 22 Sh? Cystoscopy + Bx 43 2 BR 5,116 
Bx 
Steiner 28 Austria 2007 Smokers >= 40 pack-years 60 183 Dipstick, NMP22, cytology, and 75 41 Cystoscopy 75 3 1.64 1,639 
UroVysion 
Lotan 29 USA 2006-07 Both sex >50 and smokers 62.5 1,502 MP22 85 Syl Cystoscopy 69 2 0.13 133 
(>10y) +/- professional 
exposure (>15 years) 
Davies M 49 UK 1970 Workers — 4,636 >2 cells/HPF or albumin>10 84 18 Repeat urine test, if — 3 0.06 65 
mg/100 mL on 2 repeat exams positive: intravenous 
urogram (IVU) and 
cystoscopy 
Pesch B 50 Germany 2010 Exp AA 60 1,323 Dipstick, blood cell count, = = Cystoscopy = 14 1.06 1,058 
cytology, NMP22, urovysion 
Crosby 51 USA <1991 Exp AA (BN) 541 Cytology on a 33-month 64 118 Cystoscopy 24 7 129 470 
programme 
Marsh 52 USA 1986-01 Exp AA (BN) 277  Urinanalysis, cytology, 51 18.4 Cystoscopy + Bx 40 3 1.08 1,080 


quantitative fluorescence 


analysis, annual, or semi-annual 


screens 


(continued) 


Table 6.16.2 (Continued) 


Author Reference* Place Year Targeted population Age No. Test No. pos % pos Diagnostic procedure No. No. %Bca_ Estimated 
tests tests cystoscopy Bca found incidence per 
100,000 per 
year 
emstreet 19 China Sys Exp benzidine 55 1,788  Dipstick, cytology, DNA ploidy, 153 8.6 Cystoscopy 116 28 57, 263 
p300 
emstreet 19 China SS Non-exposed 58 373 Dipstick, cytology, DNA ploidy, 26 7 Cystoscopy 20 a 0.54 87 
p300 
Ward 45 USA 968-79 Exp BD (MBOCA) 200 Cystoscopy = = Cystoscopy 200 3 15 1,500 
Ward 45 USA 968-79 Exp BD (MBOCA) 385 Cytology 21 55 Cystoscopy 21 0 0 0 
Ward 45 USA 968-79 Exp BD (MBOCA) 385 Dipstick, cytology, NMP22 60 15.6 Cystoscopy 60 1 0.26 260 
repeated 3 days + US 
Chen 37 Taiwan <2005 Exp BD (MBOCA) 38 70 Dipstick, cytology, NMP22 15 21.4 Cystoscopy 15 0 0 0 
Chen 37 Taiwan <2005 Non-exposed ay 92 Dipstick, cytology, NMP22 22 239 Cystoscopy 22 0 0 0 
hériaut 6 Quebec 1980-86 Exp PAH (AW) Symptoms Cystoscopy 30 
hériaut 6 Quebec 1970-79 Exp PAH (AW) Cytology Cystoscopy 49 
Giberti 36 Itay 2006-08 Exp PAH (CW) 43 152 Dipstick, cytology, uCyt+ 18 11.8 Cystoscopy 18 0 0 0 


123.5% using dipstick only. 


BCa: bladder cancer, N: number, exp: exposed to, AA: aromatic amines, PAH: polycyclic aromatic hydrocarbons, BN: beta-naphtylamine, BD: benzidine derivatives, AW: aluminium workers, CW: coke workers) pos: positive, HPF: high powered field, US ultra sound, 


Bx: biopsy. 


* Please note that references in this table coincide with those provided in the paper by Larre et al.9 


Reprinted from European Urology, Volume 63, Issue 6, Stéphane Larré et al, ‘Screening for Bladder Cancer: Rationale, Limitations, Whom to Target, and Perspectives, pp. 104-58, Copyright © 2013, European Association of Urology, with permission from Elsevier, 
hetp://wwwsciencedirect.com/science/journal/03022838 


A family history of BC among first-degree relatives is associ- 
ated with a twofold increased likelihood of BC.°’ This risk may be 
due to shared acquired carcinogens (smoking habits and occupa- 
tions are often shared in families) or genetic inheritance. For the 
latter, it is known that common polymorphisms of detoxification 
genes increase an individual’s risk of BC. These genes include phase 
I metabolizing enzymes, for example cytochrome P450s (CYPs) 
involved in the first stage of metabolism (activation of carcinogens 
to reactive intermediate species).°° This stage is followed by phase 
II metabolizing enzymes that detoxify carcinogenic metabolites to 
hydrophilic by-products, which can be readily excreted from the 
body.” Single nucleotide polymorphisms (SNPs) in genes coding 


Symptom assessment 


Yes 
Gross haematuria 
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for phase II enzymes, such as glutathione-S-transferases (GSTs), 
N-acetylation transferases (NATs), and sulfotransferases (SULTs), 
are common in Caucasian populations and associated with BC 
risk.©° GSTs belong to a superfamily of enzymes that also detox- 
ify environmental carcinogens (e.g. polycyclic aromatic hydro- 
carbons).°? NATs are other enzymes involved in this pathway that 
work to remove other environmental carcinogens such as hetero- 
cyclic amines from the body. A slower metabolism of carcinogens 
enables them to react with DNA and form adducts leading to som- 
atic mutations and cancer.°? Polymorphisms in the methylene- 
tetrahydrofolate reductase gene (MTHER), which is involved in the 
one-carbon metabolism pathway, have also been associated with 


Diagnostic studies 


Risk assessment 


Risk? 


Vv Vv 
Low Moderate High 
y y v 
Do not Yes History of History of Yes 
screen bladder cancer bladder cancer 
No No 
Screening 
Test for microhematuria Test for microhaematuria 
a . . ® A 5 ® —— 
using Hemastix using Hemastix 
Repeat 9 Repeat 
periodically periodically 
Apply point-of-care Apply point-of-care 
molecular test molecular test 
(e.g. BTA stat®, NMP22® (e.g. BTA stat®, NMP22® 
BladderChek®) BladderChek®) 
© È o 9 
Repeat a ‘ Repeat 
periodically oe Cytoloay ime Cytoloey periodically | 
o o g 
Apply specialized 
molecular test 
(e.g. BTA stat®, NMP22®, 
WBE™, ImmunoCyt®, 
UroVysion®) 

Diagnosis ° 

y v Yy v 

Perform full diagnostic work-up including: 
= Cystoscopy or fluorescent cystoscopy 
= Abdominopelvic CT scan or intravenous urography 
= Upper urinary tract evaluation 
Surveillance 
Employ a non-invasive test (BTA stat®, NMP22®, BladderChek®, NMP22®, ImmunoCyt®, UroVysion®) 


with urine cytology and an invasive test (surveillance cystoscopy with or without biopsy, flourescent cystoscopy) 


Fig. 6.16.1 Proposed protocol for screening for bladder cancer based on repeated haematuria testing. 
Adapted with permission from Macmillan Publishers Ltd: Nature Reviews Urology, Volume 7, Issue 1, Anirban P. Mitra and Richard J. Cote, Molecular screening for bladder cancer: progress and 


potential, pp. 11-20, Copyright © 2010. Rights Managed by Nature Publishing Group. 
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risk of UCC.°! Recent genome-wide association studies have iden- 
tified additional SNPs involved in various cellular processes across 
the genome that may also have a role in bladder carcinogenesis. 


Recommendations for screening 


According to US National Cancer Institute ‘screening for bladder 
and other urothelial cancers would result in unnecessary diag- 
nostic procedures with attendant mortality.°? The United States 
Preventive Services Task Force (USPSTF) also found ‘inadequate 
evidence that screening for BC or treatment of screen-detected BC 
leads to improved disease-specific or overall morbidity or mor- 
tality.°4 Similarly, the European Association of Urology (EAU) is 
unconvinced that any appropriate routine screening tests are cur- 
rently available.3! Before routine screening is considered, there 
needs to be large randomized controlled trials to assess benefits and 
harms. The current view is to take a more cost-effective approach 
by targeting high-risk individuals and populations. A two-tiered 
approach to screening has been suggested which includes repeating 
haematuria testing and if positive, patients undergo checks for BC 
using cytology or biomarkers to determine whether cystoscopy is 
necessary (see Fig. 6.16.1). This is not yet in practice but could 
be used to rationalize the need for cystoscopy in all patients with 
haematuria. 


Future directions: new molecular markers 
and DNA methylation 


Investigations are underway on a range of new molecular biomark- 
ers for the detection of BC at the cellular and subcellular level. Some 
of these include: flow cytometry, blood group antigens, tumour sup- 
pressor genes (p53 and Rb), proliferative indices (Ki-67), urinary 
growth factors (epidermal growth factor, basic fibroblast growth 
factor and CD44), matrix metalloproteinase (MMP-9), urinary 
plasminogen activator (uPA) and short RNAs.6566 

Given the essential role that DNA methylation has in the control 
of gene expression and the potential to influence bladder carcino- 
genesis this is another new direction to explore.” Hypomethylation, 
is involved in the activation of oncogenes and can cause genetic 
instability.68 Alternatively, hypermethylation of CpG islands has 
been found in the promoter regions of tumour suppressor genes 
and appears to silence these genes and initiate carcinogenesis. 
Recent studies have reported an increased risk of BC associated 
with both increased global DNA hypomethylation and hyper- 
methylation of tumour suppressor and other key cancer genes 
(e.g. proto-oncogenes, cell adhesion, and cell regulation genes).”° 
Hypermethylation of the normal urothelium has been found to be 
both an early indicator of disease and a useful marker to distin- 
guish tumour potential between those with similar morphological 
appearance.’! DNA methylation can be evaluated using urine and 
peripheral blood samples and may serve as a useful screening tool 
of the future. These new approaches may not only be useful for 
future screening purposes but also assist with the prediction of the 
risk of recurrence, progression, and response to various treatments. 


Conclusion 


While there are many new and innovative tests at various stages of 
development for the detection of bladder cancer there are currently 


none that can meet all the criteria that would allow them to replace 
the existing best practice guidelines: testing for haematuria, urin- 
ary cytology with urological referral and subsequent cystoscopy 
and imaging. FDA approved biomarkers however, may be used as 
adjuncts to existing practices to improve the accuracy and rates of 
detection as well lower the frequency of the more invasive proce- 
dures. Furthermore, at this stage there is no evidence to suggest that 
routine screening can lower disease-specific mortality and morbidity 
rates and so screening should be restricted to individuals presenting 
with symptoms and deemed to be at higher risk of bladder cancer. 
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CHAPTER 6.17 


General overview 
of bladder cancer 
Richard J. Bryant and James W.F. Catto 


Demographics 


BC is an important cause of cancer morbidity and mortality. It is 
the fourth commonest malignancy diagnosed in men in the United 
Kingdom and the ninth most common in women. In 2010 there 
were around 10,000 new cases per annum and around 3,000 disease- 
specific deaths in the United Kingdom alone (http://www.cancer- 
researchuk.org/cancer-info/cancerstats/types/bladder/incidence/ 
uk-bladder-cancer-incidence-statistics).! The incidence is chan- 
ging in both men and women reflecting falling rates of smoking in 
the former. The malignancy is more common with increasing age 
and the mean age at diagnosis is around 70 years. There is approxi- 
mately a 3:1 male:female sex distribution of BC incidence but this 
is likely to alter in the future as smoking becomes more common in 
women. Caucasians have a greater propensity to develop BC com- 
pared with Afro-Caribbean or Hispanic patients. In the industrial- 
ized world the development of this malignancy is also associated 
with occupational carcinogen exposure. In the developing world 
squamous cell carcinoma of the bladder is associated with the para- 
sitic infection Schistosomiasis.” BC is one of the most expensive 
malignancies in terms of lifetime costs per patient.*° This cost is 
mainly due to the cost of prolonged bladder surveillance following 
endoscopic tumour resection, and partly due to the care necessary 
for patients with advanced BC. 


Aetiology 


A number of aetiological agents are implicated in the causation of 
BC and the two most important of these are tobacco smoking and 
occupational carcinogen exposure. Tobacco smoking confers an 
approximate fourfold relative risk of BC development and accounts 
for around half of all cancers.°” Individuals who give up smoking 
reduce their risk of further bladder tumours in subsequent years. 
The risk of BC varies in smokers due the type of tobacco (blonde 
versus black), delivery (filtered versus non-filtered cigarettes), dose 
(pack years of smoking) and genetic variation in the enzymatic prop- 
erties of detoxification enzymes.’ Individuals with slow detoxifica- 
tion acetylators have an increased risk of developing BC compared 
against those with fast acetylators, due to a prolonged accumula- 
tion of carcinogenic toxins.’ With regards to occupational exposure 
the most common carcinogens are aromatic amines and polycyclic 
aromatic hydrocarbons (PAHs).!° Aromatic amines are used in the 
rubber, chemical, dye, and petroleum industries, while PAHs are 
found in the aluminium, coal, and roofing industries. Other factors 


known to increase urothelial cancer risk include the use of phen- 
acetin analgesia, and intravesical chronic inflammatory processes 
such as pelvic irradiation and cyclophosphamide treatment. 


Histological features 


The predominant histological subtype of BC is urothelial cell car- 
cinoma (UCC) which accounts for around 90% of all cases. Around 
3-7% of BCs are squamous cell carcinoma (SCC), and around 
1-2% of tumours are adenocarcinomas which may arise from 
the embryological remnant of the urachus. Rare types of bladder 
tumours include small cell carcinoma of the bladder, melanoma, 
lymphoma, and metastases from other sites. 

Various grading systems are in use for BC. The commonest are 
the 1973 WHO and the more recent 2004 WHO grade definitions.!! 
The 2004 WHO grading system uses two categories of grade (high 
and low-grade) for bladder carcinoma rather than the three used 
in 1973 (well, moderately, and poorly differentiated). The 2004 
grading system also developed a new classification of PUNLMP 
(papillary urothelial neoplasm of low malignant potential) for well- 
differentiated non-invasive indolent lesions. 

BCs are staged according to the TNM classification.!! At the 
time of presentation around 75-80% of BC cases are non-muscle- 
invasive (NMI) BCs and these are manageable with endoscopic sur- 
gical resection.!* Of the NMI BCs around 70% are non-invasive 
(pTa), 20% invade the lamina propria (pT 1), and 10% are CIS.1% 
Around 20-30% of NMIBCs will become muscle-invasive BC 
(MIBC) during follow-up.!4 This emphasizes the need for care- 
ful and regular bladder surveillance.!5 The remaining 20-25% of 
tumours are muscle-invasive (MIBC) (stage > pT2) and approxi- 
mately half of these patients will have occult metastases.!© Overall 
55-60% of all BCs are histologically of low grade at the time of clin- 
ical presentation whereas the remaining 40-45% are high-grade 
lesions, half of which will be found in MIBC. 


Clinical presentation 


Around 75% of BC cases present with painless visible haematuria. 
The remainder present with persistent irritative symptoms (such as 
dysuria, frequency, urgency, and suprapubic pain), symptoms of or 
proven recurrent or antibiotic-refractory urinary infections (UTIs), 
non-visible haematuria, or are found by chance during the inves- 
tigation of other unrelated symptoms. Physical examination in 
affected patients is often unremarkable. Haematuria may be either 
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visible or non-visible and may have associated symptoms or be 
non-symptomatic. The incidence of BC in patients presenting with 
visible haematuria is between 17 and 18.9%, while it is between 4.8 
and 6% in patients with non-visible haematuria. 17-19 

In advanced BC, the patient may present with flank pain second- 
ary to malignant ureteric obstruction and hydronephrosis, renal 
failure due to unilateral or bilateral ureteric obstruction, or with 
a pelvic mass. Lower limb lymphoedema may occur due to local 
compression of lymphatics by the primary tumour or secondary to 
lymph node metastases. Patients with metastatic BC may initially 
present with weight loss, constitutional symptoms, and metastases 
to liver, lung, bone, and adrenal glands, causing additional symp- 
toms such as bone pain, respiratory symptoms, or jaundice. 

SCC is more common in patients who have had bilharzia (infec- 
tion with Schistosomiasis haematobium),”° in patients with chronic 
bladder inflammation secondary to intravesical stones or a long- 
term indwelling catheter, and in patients with a neuropathic bladder 
(e.g. individuals with spinal cord injury or spina bifida). Clinicians 
should be concerned if such patients develop haematuria, urinary 
catheter blockages, recurrent UTIs, or new-onset irritative LUTS. 

Primary adenocarcinoma of the bladder is rare but may be asso- 
ciated with a history of bladder extrophy, bladder tuberculosis 
infection, or in patients who have previously undergone a cysto- 
plasty. Other tumours such as colorectal cancer, cervical cancer, or 
uterine cancer may also involve the bladder due to local invasion 
from these adjacent organs. Very occasionally other malignancies 


such as breast cancer or malignant melanoma can metastasize to 
the bladder. 


Screening for bladder cancer 


The aim of screening is to identify cases of a particular disease at an 
earlier stage when it is more amenable to treatment. The population 
to potentially be screened for BC is not currently known however it 
is likely that patients at high risk for developing this disease would 
benefit most from screening.”! Most research to date regarding BC 
screening has focussed on the detection of haematuria using sim- 
ple urinalysis, or the potential use of urinary cytology, however the 
optimum screening test has not yet been identified for this malig- 
nancy. Moreover, there have been no high quality randomized 
controlled trials or high quality observational studies comparing 
screening to non-screening for BC.” At the present time therefore 
screening for BC is not advocated. 


Transurethral resection of a bladder tumour 


After initial investigations have suggested the presence of a BC, the 
next step is to remove or sample the lesion. Transurethral resection 
of the bladder tumour (TURBT) is performed using a rigid cysto- 
scope fitted with a resecting element and termed a resectoscope 
(Fig. 6.17.1). The aim of the TURBT is to fully remove the cancer (if 
NMI) and to fully stage the cancer and identify other pathologies.” 
The management of BC depends upon the distinctions between 


Fig. 6.17.1 Transurethral resection of a bladder tumour. (A) Exophytic partly calcified tumour within the bladder; (B) the resectoscope loop is visible prior to resection; 
(C) and (D) the tumour is resected flat into the detrusor muscle. Bleeding vessels and edges are cauterized. 
Reproduced with permission from James Catto and Frank Gardiner, ‘Fingertip Urology: Superficial bladder cancer’, Primary slides, BJU International, Copyright © 2007, available from http://www. 


bjui.org/ftu/sup_bladder_prim/player.html 


low and high-grade disease and between the presence of NMIBC 
and MIBC. 

Prior to the patient undergoing a TURBT a urine sample should 
be cultured and any active urinary tract infection should be treated 
with antibiotics wherever possible. A full blood count should be 
performed to exclude anaemia and urea and electrolytes should be 
checked to exclude renal failure prior to the patient undergoing an 
anaesthetic. Many patients with BC are elderly or have significant 
co-morbidities therefore a thorough anaesthetic review is required 
prior to the surgical procedure which may be performed under 
general and/or regional anaesthetic. 

The patient needs to be positioned in the lithotomy position 
therefore particular care needs to be taken if an individual has 
prosthetic knee or hip joints or arthritic conditions. Care should be 
taken to protect the patient's pressure points with pads particularly 
the common peroneal nerve to avoid neuropraxia and footdrop. 
A bimanual examination (per rectum in men and per vagina in 
women) is required to assess the size, mobility, and extent of the 
tumour both before and after resection. Under appropriate prophy- 
lactic antibiotic cover a 28 Ch resectoscope is passed per urethra 
and the bladder is inspected with a 30 degree (and if necessary a 
70 degree) lens prior to resection of the tumour. Occasionally a 120 
degree lens is required to adequately inspect the anterior bladder 
neck. The bladder must be adequately distended in order to be able 
to visualize and resect the tumour, and suprapubic pressure may 
be required to facilitate resection of tumours at the dome of the 
bladder, however care must be taken to avoid overdistension of the 
bladder as this increases the risk of bladder perforation. Continuous 
irrigation via the resectoscope is required during resection in order 
to maintain clear vision. As a TURBT aims to obtain tissue for 
diagnosis and to accurately stage the disease, it is important to first 
carefully resect the superficial aspect of the tumour down to the 
tumour base without causing excessive diathermy artefact, which 
would impede pathological evaluation. These initial resection chip- 
pings should then be collected for histology. Separate deep tumour 
resection biopsies should then be taken in order to obtain detrusor 
muscle without causing bladder perforation. These deeper speci- 
mens should be carefully labelled with adequate clinical informa- 
tion and macroscopic tumour characteristics to aid the pathologist, 
and then sent to the pathology laboratory in a pot separate from 
that containing the more superficial tumour samples. 

In many cases the tumour is small and may be suitable for removal 
with the cold-cup biopsy forceps to avoid diathermy destruction. 
In these cases, subsequent resection biopsies of the tumour base 
including detrusor muscle should be obtained. Multifocal tumours 
require careful mapping within the bladder and multiple tumour 
samples should be sent to the pathologist in separate pots. If how- 
ever the tumour is clearly muscle-invasive at the time of TURBT 
then the aim should be to adequately sample deep muscle for the 
purposes of staging, and to clear as much of the disease burden as 
is safely possible prior to future treatment with either radical cyst- 
ectomy or radiotherapy. In patients who are unfit for radical treat- 
ment then the TURBT should be as thorough as safely possible in 
order to maximize local control for as long as possible. 

Bladder tumours within diverticula require particular care dur- 
ing surgical resection, as diverticula lack muscularis propria. There 
is therefore a greater chance of bladder perforation than during 
resection in other areas. Given the difficulties of resecting tumours 
within a diverticulum it may be more appropriate in selected 
patients to proceed to a diverticulectomy or partial cystectomy 
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rather than to rely on transurethral resection, particularly for high- 
grade bladder lesions as the lack of muscularis propria increases the 
risk of local extension of the tumour outside of the bladder. 

If the patient has a general anaesthetic and has a tumour overly- 
ing the side wall of the bladder, then muscle paralysis may be indi- 
cated to reduce the chance that diathermy used during resection 
may induce an obturator reflex muscle jerk and a resultant bladder 
perforation. Other techniques to avoid bladder perforation include 
reducing the diathermy current, using a specially designed resec- 
tion loop with an extension guard beyond the wire loop preventing 
deep wall penetration, or the use of cold-cup biopsy forceps fol- 
lowed by cauterization with coagulating diathermy. 

If tumour is seen overlying or emerging from a ureteric ori- 
fice, then this should be resected with care. It is uncommon to see 
ureteric stenosis following the use of cutting diathermy however 
coagulating diathermy should be used as little as possible in these 
areas, and it may be advisable to place a ureteric stent to prevent 
short-term ureteric obstruction due to postoperative oedema. 
A retrograde ureteropyelogram and ureteroscopy may be needed 
to obtain tissue from within the ureter for further diagnosis and 
staging. It is often advisable to perform postoperative imaging with 
intravenous urography (IVU), CT urography (CTU), or dynamic 
renogram at four to six weeks after ureteric orifice resection in 
order to exclude upper urinary tract obstruction. 

Any ‘red patches’ within the bladder either adjacent to the pri- 
mary tumour or more remotely situated, or in the prostatic urethra, 
should be biopsied to identify concomitant CIS. It is important to 
sample flat urothelium around and distant to the tumour in cases of 
high-grade cancer, as the presence of CIS is one of the most predict- 
ive prognostic factors.*+° In low-grade tumours, the use of ran- 
dom bladder biopsies is unhelpful and may be harmful to patients 
as they may cause scarring and create sites of potential tumour cell 
implantation. While the histology of a tumour may be unknown 
at the time of resection, an experienced surgeon should be able to 
identify indolent versus aggressive looking BCs, and tailor the use 
of resection or biopsy accordingly. If the patient is potentially a suit- 
able candidate for an orthotopic bladder reconstruction following 
future cystectomy, then it is helpful to perform bladder neck resec- 
tion biopsies at the time of the initial TURBT in order to exclude 
disease at the bladder neck. 

Once the resection aspect of the TURBT has been completed 
haemostasis should be ensured using coagulation diathermy. Care 
should be taken not to use excessive coagulation diathermy close 
to the ureteric orifices as this has the potential risk of inducing a 
ureteric stricture. At the end of the resection the bladder should be 
emptied and a further bimanual examination should be performed 
without a catheter in situ in order to accurately stage the disease 
and in particular to detect any residual bladder mass suggestive 
of pT3 disease. A large irrigating indwelling urethral catheter is 
then placed in the bladder in order to maintain drainage during 
the postoperative period while any further minor haematuria set- 
tles. Following the initial TURBT the patient should receive a single 
intravesical instillation of a chemotherapeutic agent such as mito- 
mycin C which reduces the risk of NMIBC recurrence.267 


Photodynamic diagnosis of bladder cancer 


The use of photodynamic diagnosis (PDD) during TURBT has 
been reported to improve the detection rate of malignant epithe- 
lium during the resection procedure due to improved visualization 
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of bladder tumours compared with standard white-light TURBT.78 
The underlying principle of PDD is that the presence of an endogen- 
ous or exogenous photosensitizer causes abnormal cells to fluoresce 
under a specific wavelength of light. PDD-assisted TURBT in cur- 
rent practice utilizes exogenous photosensitizers derived from the 
heme biosynthetic pathway. The starting point of the heme pathway 
is 5-aminolevulinic acid (5-ALA) which is instilled into the blad- 
der two hours preoperatively. Under normal (i.e. benign) circum- 
stances nucleated cells convert non-active molecules to the active 
fluorescent molecule protoporphyrin IX (PPIX) which is then rap- 
idly converted to heme. Malignant urothelial cells have significant 
differences in heme metabolism compared with benign cells, result- 
ing in the accumulation of PPIX in cancerous cells. PPIX absorbs 
light at 400nm (blue) and emits fluorescence at 635 nm (red), hence 
inspection of malignant urothelium with an excitation light source 
called a D-light through a yellow filter with a slow shutter speed 
results in the absorption of all blue light and amplification of red 
light, causing the malignant areas to appear bright red. Artefact 
fluorescence can sometimes occur due to folds of urothelium or 
at the trigone or ureteric orifices, however despite these slight 
limitations PDD-assisted TURBT has an overall sensitivity of 93% 
compared with 73% for white-light TURBT”? and this difference 
is largely due to the improved detection of CIS. The use of PDD- 
assisted TURBT also improves the residual tumour rate following 
resection compared with white-light TURBT. PDD-assisted cystos- 
copy is useful in examining patients with positive urinary cytology 
but negative white-light cystoscopy, and it is also useful during the 
training of urological surgeons. 

While cystoscopy with cytology are currently considered to be 
the gold-standard investigations for the detection and follow-up of 
BC a number of new optical imaging modalities are being devel- 
oped in order to overcome the limitations of current techniques. 
Newer technologies include narrow band imaging, raman spec- 
troscopy, and optical coherence tomography. These newer tech- 
niques need further investigation before they can be advocated in 
the investigation of haematuria or in the diagnosis and treatment of 
BC, while the efficacy of urothelial inspection with these methods 
will also need to be carefully considered in terms of financial cost. 


Radiological staging 


Following TURBT, patients with high-grade or invasive disease 
who are considered for further treatment require full tumour sta- 
ging. To complement the TURBT a number of radiological imaging 
options are available. These should examine the bladder in cross 
section, the regional lymph nodes for metastases, and common 
sites of metastases (such as the lungs and liver). In symptomatic 
patients further specific targeted imaging may be needed (such as 
a bone scan for patients with back pain). Furthermore, coexist- 
ing lung cancer may be present in many BC patients due to their 
shared aetiological agent (i.e. smoking).*! It is important to wait 
for a minimum of seven days after the TURBT before performing 
cross-sectional imaging, as the initial resection may cause artefact 
in the surrounding tissues resulting in potential overstaging of the 
disease.>? 

Ifa CTU has been performed to investigate haematuria then this 
may be used to give provisional staging information for the blad- 
der cancer, including possible pelvic or para-aortic lymphaden- 
opathy, and visceral or bony metastases. A triple phase computed 


tomography scan (CT) (i.e. pre-contrast, and arterial and portal- 
venous post-contrast phases) of the abdomen and pelvis is neces- 
sary to fully stage the cancer. We also advocate CT of the thorax to 
look for pulmonary and mediastinal lesions. MRI is an alternative 
to CT and is thought to be slightly better for local bladder staging 
of a tumour and for detecting local lymphadenopathy. Both CT 
and MRI may understage the true disease burden by missing small 
nodal or visceral metastatic lesions in up to 30% of cases. In order 
to improve upon this several authors have examined the role of sta- 
ging PET CT scans.*°*4 Currently this modality appears promising 
but it has a poor specificity due to the overdiagnosis of metastases. 


Conclusions 


In summary bladder cancer is a common malignancy that usually pre- 
sents with visible painless haematuria. Rapid diagnosis and treatment is 
required to reduce mortality and morbidity from this cancer. Endoscopic 
resection is vital in the initial treatment and assessment of tumours. 


Further reading 


Babjuk M, Oosterlinck W, Sylvester R, et al. EAU guidelines on non- 
muscle-invasive urothelial carcinoma of the bladder, the 2011 
update. Eur Urol 2011; 59(6):997-1008. 

Freedman ND, Silverman DT, Hollenbeck AR, Schatzkin A, Abnet CC. 
Association between smoking and risk of bladder cancer among men 
and women. JAMA 2011; 306(7):737-45. 

Jocham D, Stepp H, Waidelich R. Photodynamic diagnosis in urology: 
state-of-the-art. Eur Urol 2008; 53(6):1138-48. 

Kirkali Z, Chan T, Manoharan M, et al. Bladder cancer: epidemiology, 
staging and grading, and diagnosis. Urology 2005; 66(6 Suppl 1):4-34. 
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CHAPTER 6.18 


The investigation of haematuria 
Richard J. Bryant and James W.F. Catto 


Haematuria 


Haematuria is defined as the presence of red blood cells in the 
urine. It may be visible or non-visible, and symptomatic or non- 
symptomatic.! Non-visible haematuria may be further classified 
as microscopic or dipstick, depending on the investigation used 
to detect it. Haematuria is an important clinical sign as approxi- 
mately 40% of affected patients have significant underlying path- 
ology. However, visible haematuria is a common symptom and is 
found in around 2.5% of the general population.” The investiga- 
tion of haematuria is best performed in the setting of a one-stop 
haematuria clinic, unless in the presence of trauma in which case 
patients require careful radiological investigation for an underlying 
urological injury such as a renal laceration. The regional guidelines 
provide protocols regarding the optimal investigation of haema- 
turia (such as that of Babjuk et al. 20117). 


The haematuria clinic 


Many centres have dedicated ‘haematuria clinics’ which enable 
patients to be referred urgently by their primary care physician for 
thorough and prompt urological evaluation including urinalysis +/- 
urinary cytology, history-taking and physical examination, flex- 
ible cystoscopy, and upper tract radiological investigation. Some 
centres run these clinics on a ‘one-stop’ basis whereby the patient 
undergoes all of these procedures on the same day thereby reducing 
patient anxiety and diagnostic delay. 


Causes of haematuria 


Approximately 40% of patients with haematuria have significant 
underlying pathology (abbreviated list in Table 6.18.1). Individuals 
with visible haematuria have a greater risk of harbouring an under- 
lying malignancy compared with those with non-visible haema- 
turia, and this risk increases with advancing age, however the degree 
of haematuria does not always correlate with the risk of underly- 
ing malignancy. Probably the most important cause of haematuria 
is one of several urological malignancies and these are found in 
around 22-24.2% of cases (see Khadra et al. 2000).2 The common- 
est cancer in patients presenting with haematuria is bladder can- 
cer (BC), followed by renal cell carcinoma (RCC) or upper tract 
urothelial cell carcinoma (UTUCC). Less commonly haematuria 
may be due to prostate or urethral cancer. After cancer, the next 
commonest causes of haematuria are urinary tract infection (UTI), 
stones, and nephrological disorders. The latter are more common 
in younger patients and include focal glomerular disorders such 
as membranoproliferative glomerulonephritis, interstitial renal 


diseases including drug-induced nephropathy, and systemic condi- 
tions such as systemic lupus erythematosis. For these it is important 
to measure the blood pressure and serum creatinine levels, and to 
test the urine for proteinuria. If no urological cause of haematuria is 
identified then patients with hypertension, proteinuria (especially 
if the total protein excretion is greater than 1,000 mg/24 hours) or 
red cell casts within their urine, and/or renal impairment should 
be referred to a nephrologist. Patients with proteinuria on dip- 
stick urinalysis should have urine sent for protein:creatinine or 
albumin:creatinine ratio measurement and they should have their 
glomerular filtration rate measured, for example using creatinine 
clearance. Serum immunological investigations may be required if 
an underlying immune-related renal disorder is suspected, and a 
renal biopsy may be indicated to establish the precise nature of any 
underlying renal parenchymal disease. 

Anticoagulant medication such as warfarin, clopidogrel, or 
aspirin may precipitate haematuria, however it is important that 
patients taking these medications are still thoroughly investigated 
as tumours, stones, and infections may be present, which further 
increase the risk of bleeding in these patients. Other medications 
(such as phenytoin or rifampicin) and beetroot ingestion may col- 
our the urine so that it appears red and bloody. ‘Loin pain haema- 
turia syndrome’ refers to a syndrome in which patients present with 
a combination of flank pain and visible haematuria in the absence of 
demonstrable pathology, despite extensive investigations (includ- 
ing angiography and renal biopsy). The condition is commoner in 
women and may continue for many years with intermittent devel- 
opment of symptoms. 


Investigation of haematuria 


Given the broad range of potential diseases that can present with 
haematuria it is best to have a logical protocol to investigate such 
patients (e.g. Fig. 6.18.1). 


Urinalysis 

Non-visible haematuria describes the microscopic presence of red 
blood cells (RBCs) in a centrifuged urine sample and the use of a 
reagent strip to chemically detect the presence of RBCs ina freshly 
voided sample of urine. Asymptomatic non-visible haematuria 
is common with a reported population prevalence of 0.19-21% 
depending on the individuals being studied.4-7 The precise def- 
inition of microscopic haematuria is contentious in terms of the 
required number of RBCs per high power field (HPF) for clin- 
ical significance. The AUA defined microscopic haematuria as 
23 RBCs per HPF on evaluation of urinary sediment from two 


Table 6.18.1 Common causes of haematuria 


Aetiology Disease 


Cancer Bladder tumours 


Upper tract tumours 


Renal tumours 


Prostate cancer 


Metastasis 
Urinary stones 
Strictures Urethral 
Inflammation Bladder Cystitis 
Kidney Pyelonephritis 
Loin pain haematuria 
Trauma Exercise oggers 
Injury 
Congenital Upper tract Pelviureteric junction 
obstruction 
From adjacent Bowel Divericulitis 
viscera 
Appendicitis 
Uterine Endometriosis 
Nephrological — Glomerulonephirits 
Nephritic syndrome 
PCKD 
Analgesic nephropathy 
Inflammatory Bladder Interstitial cystitis 
Prostate Benign prostate hyperplasia 
latrogenic Instrumentation 
Prostate Post-TURP 
Bladder Radiotherapy 


Haematological Haemolytic syndromes 


Medication Anticoagulants 


Colourants Phenytoin, rifampicin, and 


beetroot 


of three properly collected urinalysis specimens. Given the rela- 
tively limited specificity (65-99% for 2-5 RBCs per HPF) of the 
dipstick method the AUA recommend that the initial suggestion 
of microscopic haematuria based on dipstick urinalysis should be 
confirmed by microscopy of the urinary sediment.®-!! Guidelines 
in the United Kingdom suggest that this is no longer necessary.! 
Patients with non-visible haematuria have a 10% chance of har- 
bouring an underlying urological malignancy the most common 
of which is BC.»!? 

Dipstick urinalysis is commonly performed as a rapid office 
based test for haematuria. The dipstick test is based on the abil- 
ity of haemoglobin, released by lysed RBCs, to oxidize an adher- 
ent chromogen to produce a colour change. Most dipsticks detect 
<3 RBCs/HPE, but can also appear positive with other oxidizing 
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agents such as free haemoglobin, myoglobin, and bleach. The 
presence of reducing agents such as vitamin C may give false 
negative results. Most commercially available dipsticks quan- 
tify non-visible haematuria as either a ‘trace, +, ++ or +++, and 
recent British guidelines suggest that a ‘trace’ of haematuria does 
not require urological investigation per se.! It is good practice to 
confirm the microscopic presence of RBC in patients with dipstick 
haematuria.° 

Several conditions may be confused with haematuria. 
Pseudohaematuria describes a reddish-brown discoloration of 
urine secondary to artificial colourings from certain foodstuffs 
or drugs. Patients with factitious disorders may deliberately con- 
taminate their urine as an attention-seeking behaviour in order 
to undergo medical examination and investigation. Menstruation 
may also cause a false positive urine microscopy or dipstick test 
result. 


Urine cytology 


The primary advantage of performing urinary cytology is that this 
non-invasive test has a high specificity for poorly differentiated 
urothelial cell carcinoma (UCC). As such it is safe and relatively 
cost efficient and may support the diagnosis of BC from cystos- 
copy or raise the suspicion of a missed UCC in patients with nor- 
mal investigations. Some authors suggest that the combination of 
cytology and cystoscopy is superior to cystoscopy alone. Urine 
cytology is better at detecting high-grade UCC cells, as are found 
in grade 3 cancers and carcinoma-in-situ (CIS), than in detecting 
low-grade UCC. As such cytology has a high specificity (around 
96%) for UCC and outperforms other currently available bladder 
tumour markers. Cytology has a low sensitivity (44%) for UCC as 
it may miss grade 1/low-grade lesions.!4 Cytology has a high posi- 
tive predictive value for UCC as it is only positive when malignant 
cells are identified by the pathologist. Disadvantages of a cytology 
test include the high level of specialist pathology support required 
and the associated expense of having the investigation available. 
Occasionally the urine cytology is positive in the presence of a nor- 
mal cystoscopy and normal upper tract imaging and this diagnostic 
difficulty will require further investigations such as photodynamic 
diagnosis (PDD) cystoscopy and/or bilateral ureteroscopy and 
upper tract urinary cytology. 


Urinary molecular markers 


A number of urinary biomarkers have been described in the lit- 
erature for use in the diagnosis and follow-up of BC including 
NMP22, BTA, BTA-Trak, BTA-Stat, telomerase and fluorescence 
in situ hybridization (FISH).!5!6 Despite a plethora of publications 
describing these and other various tests in the diagnosis of BC at 
the current time there have been very few randomized clinical tri- 
als conducted in this area. While the relative performance of each 
of these tests varies widely between studies none of them outper- 
form cystoscopy, and therefore at present these tests are best used 
as an adjunct to cystoscopy rather than a replacement investiga- 
tion. For example, NMP22 is approved by the US Food and Drug 
Administration (FDA) for the diagnosis of BC when used with 
cystoscopy, but not when used alone. No current biomarker has a 
better specificity than urinary cytology.!? Combinations of these 
urinary biomarkers have been evaluated and demonstrate higher 
sensitivity and positive predictive values compared to the isolated 
use of each test. 
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SECTION 6 ONCOLOGY 


Visible haematuria 
Plasma creatinine estimated GFR 
Exclude transient causes 
including urinary tract infection 


Non-visible haematuria 
Exclude transient causes 
including urinary tract infection 


J 


Symptomatic non-visible haematuria 


v 
Asymptomatic non-visible haematuria 
2 of 3 dipstick tests positive 


e Blood pressure <140/90 mm Hg 


v v v 
Urology assessment 
e Imaging and cystoscopy 


| 
$ } 


Cause established 


No cause established 


ł 


y Yes 4 Ne 
Blood pressure Stop 
Plasma creatinine estimated GFR 
Send urine for ACR or PCR 
v v 
2 40 years <40 years 
v v 
Normal Abnormal 
All of: Any one of: 
e Estimated GFR >60 mL/min AND e Estimated GFR <60 mL/min 
e ACR <30 or PCR <50 AND e ACR 230 or PCR 250 


e Blood pressure =140/90mm Hg 


Nephrology assessment 


i 


Cause established 


Primary care monitoring 


Annual assessment (While haematuria persists) of blood pressure, estimated GFR, and ACR/PCR 


Referral or re-referral to urology if: 


e Development of visible haematuria or symptomatic non-visible haematuria 


Referral to nephrology if: 


e Significant or increasing proteinuria (ACR >30 or PCR >50) 


e Estimated GFR <30 mL/min* 


e Deteriorating estimated GFR * (by >5 mL/min fall within 1 year, or >10 mL/min fall within 5 years) 


* Confirmed on at least two readings and without an identifiable reversible cause 


Note: Direct referrals between urology and nephrology will depend on local commissioning guides 


Fig. 6.18.1 Decision algorithm for the investigation of haematuria and the subsequent referral criteria adopted by the British Association of Urological Surgeons and the 


Renal Association. 


GFR = glomerular filtration rate; PCR = protein:creatinine ratio; ACR = albumin:creatinine ratio. 


Reproduced from The British Medical Journal, John D Kelly et al, Assessment and management of non-visible haematuria in primary care’, Volume 338, a3021, Copyright © 2009, British Medical 


Journal Publishing Group, with permission from BMJ Publishing Group Ltd. 


Cystoscopy 


The primary investigation for suspected BC is direct cystoscopic 
inspection of the lower urinary tract. White light cystoscopy 
(WLC) is an investigative procedure for BC and is recommended 
by both the AUA and the EAU.*:!8 WLC may be performed using 
either a flexible or rigid cystoscope. Flexible cystoscopy has the 
advantage that it can be performed under local anaesthetic in the 
clinic and this test can be incorporated into the diagnostic work- 
up of patients with haematuria and/or possible BC. It is however 
reasonable not to perform this invasive test in those patients with 
a bladder tumour seen on prior imaging and these patients may 
proceed directly to transurethral resection. 

A fresh midstream specimen of urine (MSU) should be dipstick 
tested for blood, protein (renal disease), nitrates (infection) and 
glucose (diabetes) ahead of the flexible cystoscopy. Asymptomatic 


patients suspected of having a UTI on the dipstick test should 
undergo the flexible cystoscopy under antibiotic cover. Patients 
with a symptomatic UTI should have this treated first and have the 
flexible cystoscopy deferred until the infection has cleared. Many 
centres give a single dose of prophylactic antibiotic ahead of all flex- 
ible cystoscopies. 

Flexible cystoscopes have narrow irrigation and instrumenta- 
tion channels therefore it is difficult to simultaneously irrigate the 
bladder through the instrument and use a biopsy forceps or dia- 
thermy probe. Prior to the advent of flexible cystoscopies patients 
with suspected BC underwent rigid cystoscopy which facilitates 
excellent bladder irrigation and visualization however the larger 
size of the rigid cystoscope necessitates general or regional anaes- 
thesia, especially in men. Nowadays patients with suspected BC 
undergo an initial flexible cystoscopy and thereafter proceed to 


formal transurethral resection. Some patients may undergo a rigid 
cystoscopy for some other reason, for example during an optical 
urethrotomy for urethral stricture disease, and be found to harbour 
a BC once the bladder is directly visualized. 


Upper tract imaging 

Imaging of the upper urinary tract (kidneys and ureters) is an 
essential part of the diagnostic evaluation of patients with haema- 
turia.!? Around 0.2-0.7% of patients investigated for haematuria 
have a RCC or UTUCC.?° The upper urinary tract may be evalu- 
ated by several imaging modalities including ultrasound (USS), 
intravenous urography (IVU), CT urography (CTU) or magnetic 
resonance imaging (MRI). Each has strengths and weaknesses, and 
conflicting views of which is best are common. USS is relatively 
cheap and is safe as it does not use radiation, and can image the 
renal parenchyma and detect hydronephrosis. However, it is user 
dependent, the static images can be hard to interpret, and it may 
miss small ureteric or renal pelvis pathologies, and may miss the 
presence of upper tract calculi. IVU has traditionally been useful 
to investigate the urothelium for the presence of possible filling 
defects indicative of UTUCC. However, IVU involves radiation, is 
user dependant, may often be equivocal, and the necessary skills 
for this procedure are gradually being lost in radiology depart- 
ments. CTU enables evaluation of both the renal parenchyma and 
the urothelium of the upper urinary tract and bladder, and this is 
becoming the gold standard investigation for visible haematuria. 
CTU has a high sensitivity for detecting other conditions in the 
urinary tract which might cause haematuria such as urinary cal- 
culi. An approach to imaging the upper tract that balances the risks 
and expense of investigations with diagnostic yield is best. USS 
may be used for patients with non-visible haematuria, especially 
in the case of younger patients, given the lower incidence of upper 
tract malignancy in these individuals (compared with those with 
visible haematuria) and its associated safety. USS should be com- 
bined with KUB X-ray (for stones) and flexible cystoscopy as ini- 
tial investigations. These should be followed by an IVU or CTU if 
no abnormalities are detected and if there is persistent haematuria. 
Following normal investigations in an individual over 40 years of 
age over a follow-up period of 4 years there is a less than 1% chance 
of missing a urological tumour.” For patients with a higher risk of 
pathology (i.e. those with visible haematuria or those over 50 years 
of age) then it is sensible to replace USS/KUB/IVU with CTU along 
with a flexible cystoscopy. CTU has a reported sensitivity of 96% 
and a specificity of 99% in detecting upper urinary tract carcino- 
mas.?! In these patients the disadvantages of CTU (including the 
high cost of the procedure, high radiation dose and the need for 
contrast medium) are outweighed by its diagnostic performance. 
In many urological centres CTU has replaced a combination of 
USS and IVU in the diagnostic evaluation of patients with visible 
haematuria or recurrent non-visible haematuria, while USS con- 
tinues to have a place in the evaluation of patients with non-visible 
haematuria. 


Renal biopsy 


Younger patients, particularly those under 40 years of age, often 
have a glomerular cause for their (non-visible) haematuria. These 
patients should have their blood pressure, urinary protein (by 
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dipstick initially) and serum creatinine measured. Young adults 
with persistent haematuria have a 0.7% chance of developing end- 
stage renal failure (34-fold higher than in patients without persistent 
microscopic haematuria) over the next 20 years.” Thus, depending 
upon these findings it may be more appropriate for this group of 
patients to be referred to a renal physician for a nephrological evalu- 
ation. If nephrological consultation is not made, then the patients 
GP should follow these parameters over the next few years to ensure 
that any possible development of renal impairment is detected. 


Treatment of intractable haematuria 


A minority of patients with urological pathology present with 
constant and intractable haematuria. This can be very difficult to 
manage. Pathological examples include bleeding from advanced 
BC or prostate cancer and radiation cystitis following previous pel- 
vic radiotherapy. The treatment of this bleeding is usually palliative 
and depends upon the cause. For BC and prostate cancer several 
options can be used including debridement of the intraluminal sur- 
face of the tumour by endoscopic resection or intravesical irriga- 
tion with pro-coagulant fluids such as alum or mitomycin-C. For all 
advanced cancers palliative radiotherapy (provided there has been 
no previous radiotherapy exposure) and/or radiological emboliza- 
tion of the feeding vessels may be used. These treatments are often 
unsuccessful and regular transfusion of blood may be needed. 
Occasionally bleeding from benign disease (e.g. radiotherapy cyst- 
itis) becomes such a problem that a cystectomy is warranted. 


Further reading 
Babjuk M, Oosterlinck W, Sylvester R, et al. EAU guidelines on non-muscle- 


invasive urothelial carcinoma of the bladder, the 2011 update. Eur Urol 
2011; 59(6):997-1008. 


Kamat AM, Hegarty PK, Gee JR, et al. ICUD-EAU International 


Consultation on Bladder Cancer 2012: Screening, diagnosis, and 
molecular markers. Eur Urol 2013; 63(1):4-15. 


Kelly JD, Fawcett D, Goldberg LC. Assessment and management of non- 


visible haematuria in primary care. BMJ 2009; 338(a3021). 


Khadra MH, Pickard RS, Charlton M, Powell PH, Neal DE. A prospective 


analysis of 1,930 patients with hematuria to evaluate current diagnostic 
practice. J Urol 2000; 163(2):524-7. 


Mowatt G, Zhu S, Kilonzo M, et al. Systematic review of the clinical 


effectiveness and cost-effectiveness of photodynamic diagnosis and 
urine biomarkers (FISH, ImmunoCyt, NMP22) and cytology for the 
detection and follow-up of bladder cancer. Health Technol Assess 2010; 
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CHAPTER 6.19 


Low and intermediate risk 
non-muscle-invasive 
bladder cancer 


Aditya Bagrodia and Yair Lotan 


Epidemiology and presentation 


Bladder cancer is the fourth most common cancer in men and the 
fifth most common malignancy overall.! In the United States in 
2012, 73,510 new cases of bladder urothelial carcinoma and 14,880 
deaths from bladder cancer are expected to occur.” Bladder cancer is 
four times more common in males than females, with an age stand- 
ardized incidence rate of 10.1/100,000 for males and 2.5/100,000 
for females.! Approximately 1 in 26 males and 1 in 87 females will 
develop urinary bladder cancer over the course of their life.” 

The bladder is particularly susceptible to cancer, as it acts as a 
storage chamber for excreted carcinogens. Smoking is the most 
important risk factor for bladder cancer and is responsible for 
50-75% of cases in men and 14-35% of cases in women.># 

Carcinogens in tobacco include polyaromatic hydrocarbons such 
as 2-Naphthylamine, which are excreted by the kidneys and exert a 
carcinogenic effect on the entire urinary system. Following smoking, 
occupational exposure to carcinogens, namely aromatic amines (ben- 
zidine, 4-aminobiphenyl, b-naphthylamine, 4-chloro-o-toluidine), 
polycyclic aromatic hydrocarbons, and chlorinated hydrocarbons, is 
responsible for 20% of all bladder cancer cases. These occupational 
exposures are associated with chemical, oil, and dye-based indus- 
tries.>6 While smoking and occupational exposures are associated 
with urothelial cell carcinoma (UCC, previously known as transi- 
tional cell carcinoma) which is the predominant histologic subtype of 
bladder cancer seen in the US and Europe, Schistosomiasis infection 
is associated with squamous cell carcinoma, and is the dominant sub- 
type (75%) in areas of the world where bilharziasis is endemic.” UCC 
comprises the majority (90%) of bladder cancers in non-endemic 
regions, with squamous and adenocarcinoma constituting 5% and 
1% of bladder tumours, respectively.®? 

Bladder cancer is broadly separated into two categories: non- 
muscle-invasive tumours and tumours that invade the muscularis 
propria. This dichotomy has significant implications, as patients 
with muscle-invasive tumours are generally treated with rad- 
ical cystectomy while attempts are made to spare the bladder for 
non-muscle-invasive disease. Approximately 70-85% of bladder 
tumours are non-muscle-invasive at initial presentation (Ta, T1, 
Tis) and will be the focus of this chapter. 


Diagnosis 

Haematuria (blood in the urine) is the most common presenting 
symptom in patients with bladder cancer. Bladder cancer is found 
on initial evaluation in 13-34.5% of patients with gross (macro- 
scopic) haematuria and in 0.5-10.5% of patients with microscopic 
haematuria.!°-!4 Irritative voiding symptoms are also a symptom of 
bladder cancer, especially carcinoma in situ (CIS). These can mani- 
fest with primary symptoms, such as urgency, dysuria, frequency 
and nocturia, or be mis-diagnosed as recurrent bacterial cystitis. 
The latter is more common in females and may, in part, lead to the 
worse prognosis for females with bladder cancer, when compared 
to males. Approximately 80% of patients with CIS present with irri- 
tative voiding symptoms, and the presence of these symptoms dou- 
bles the risk of harbouring CIS (5% vs. 10.5%) among patients with 
haematuria.!!!5 However, both haematuria and voiding symptoms 
are seen commonly with other urologic conditions such as enlarged 
prostates, urinary tract infection, and urolithiasis and may result in 
diagnostic difficulties in many patients. 

Patients suspected of having bladder cancer due to haematuria 
or symptoms should first undergo office cystoscopy. If imaging 
or cytology is highly suggestive of malignancy, initial cystoscopy 
may be performed under anaesthesia at the time of biopsy. Not all 
tumours are readily visible on conventional white light (WL) cyst- 
oscopy, and CIS is notorious for being indistinguishable from nor- 
mal urothelium or inflamed mucosa. 

Diagnostic difficulties with conventional WL cystoscopy have led 
investigators to explore more accurate technologies for detection 
of bladder cancer. Fluorescence based photodynamic diagnostic 
(PDD) techniques utilize the fact that photoactive compounds pref- 
erentially accumulate in hypermetabolic malignant tissue compared 
to normal tissue and fluoresce red under blue light illumination.!° 
6-aminolevulinic acid (5-ALA) was an initial compound used for 
PDD; however, it has largely been supplanted by hexyl aminole- 
vulinate (HAL), a more lipophilic derivate that allows significantly 
shorter bladder instillation times and superior cystoscopic examin- 
ation.!”!8 Clinical studies demonstrate that HAL may be superior 
to traditional WL cystoscopy at detection of bladder tumours. Over 
three hundred patients underwent WL cystoscopy followed by HAL 
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in a multicentre study evaluating detection of non-invasive bladder 
cancer.!° For Ta tumours, detection rates were significantly higher 
for HAL cystoscopy than WL cystoscopy (96% vs. 83% respectively, 
p = 0.0001). More T1 tumours were also detected with HAL cyst- 
oscopy than WL cystoscopy (95% vs. 86%, respectively, p = 0.3). 
A smaller prospective phase III study including 146 patients with 
known or suspected bladder cancer demonstrated that HAL cystos- 
copy improved overall tumour detection over WL cystoscopy with 
detection rates for dysplasia (93% vs. 48%), carcinoma in situ (95% 
vs. 68%) and superficial papillary tumours (96% vs. 85%) favouring 
HAL cystoscopy.?° 

The clinical relevance of increased tumour detections rates with 
HAL cystoscopy is also being investigated. A multinational, pro- 
spective study accrued 814 patients at high risk for bladder can- 
cer recurrence and randomized them to HAL or WL cystoscopy. 
Patients were deemed to have an increased risk of recurrence based 
on more than one initial or recurrent bladder tumours or recur- 
rence within 12 months of a previous bladder tumour.! In the PDD 
cohort, 286 patients had at least 1 Ta or T1 tumour (intent to treat) 
and in 47 patients (16%) at least one of the tumours was seen only 
with fluorescence (p = 0.001). During the nine-month follow-up, 
recurrence was assessed in 271 and 280 patients in the PDD and WL 
group, respectively. Tumours recurred in 128 of 271 patients (47%) 
in the PDD group and 157 of 280 (56%) in the WL group (p = 0.026). 
In the patients with high-grade Ta/T1 tumours the recurrence was 
54.8% versus 56.6% in the fluorescence and WL groups, respectively 
(p = 0.48). More low-grade tumours recurred in the WL versus HAL 
group, (55.4% vs. 45.4%, respectively, p = 0.02). In this study that was 
restricted to high-risk patients, the benefit of PDD was limited to 
patients with low-grade non-invasive tumours. The benefit of HAL 
technology in patients with standard risk remains to be determined. 

A metanalysis of prospective trials assessing the utility of PDD 
found that 20% more tumours and 23% more CIS were detected using 
PDD in comparison to traditional WL cystoscopy.”* The improved 
detection rate using HAL technology translated into decreased recur- 
rence rates at 12 months (15.8-27% better than WL) and 24 months 
(12-15% better than WL).”* Conflicting data on the utility of PDD, 
practical issues related to instillation of the fluorescing agents and 
cost considerations have precluded it from widespread use.?4 


Initial management: tumour resection 
to establish histology 


Once a bladder malignancy is suspected (based on imaging, 
cytology, or diagnostic cystoscopy), transurethral resection of the 
tumour is required to make a definitive diagnosis.24 Complete 
tumour resection when safely possible is requisite. Non-conducting 
bladder irrigants such as sterile water, sorbitol, mannitol, or glycine 
solutions have traditionally been used; however, newer bipolar elec- 
trical resection allows for the use of normal saline, which may miti- 
gate obturator reflexes during posteriolateral resection.2° Under 
general or regional anaesthesia, cystoscopy is performed with both 
a 30° and 70° lens to visualize all aspects of the bladder. A flexible 
cystoscope may alternatively be employed. The size, number, loca- 
tion, and character (papillary versus nodular or sessile) of tumours 
and erythematous patches should be noted since these param- 
eters have prognostic and management implications.?6-28 A blad- 
der map is helpful for operative planning. Small tumours may be 
removed en bloc with a portion of the underlying detrusor muscle 


using cold-cup biopsy forceps followed by electrofulguration with 
Bugbee electrode. Representative samples of erythematous patches 
concerning for CIS are also amenable to cold-cup biopsy. Cold-cup 
biopsy has the advantage of removing cautery artefact on histo- 
logical analysis. 

Larger tumours are resected with a 30 degree resectoscope. 
Technical tenets of transurethral resection of a bladder tumour 
(TURBT) include ensuring that the resection loop is always vis- 
ible, lifting the tumour off of the detrusor to minimize the risk of 
perforation, and safely obtaining detrusor muscle within the sam- 
ple for accurate staging.?? A complete and thorough transurethral 
resection of all visible tumours should be performed, as high qual- 
ity tumour removal is associated with better prognosis.*° Further, 
a sample of the detrusor muscle is necessary for accurate staging. 
A separate pass through the tumour bed after tumour resec- 
tion may be taken to ensure adequate detrusor muscle sampling. 
Detrusor muscle in the specimen is important for decreasing early 
recurrences due to residual disease. The recurrence rate on first 
follow-up cystoscopy is significantly higher when detrusor muscle 
is absent (44.4%) than present (21.7%).>! 

If no lesions are visible in the bladder and cytology is positive or 
if there is a high suspicion for CIS, random bladder biopsies should 
be taken from the trigone, dome, posterior, lateral, and anterior 
walls. The theoretical reasons for taking random bladder biopsies 
are that CIS may exist in normal appearing urothelium and that 
certain small or endophytic tumours may not be visible. Multiple 
groups from the United States, Europe, and Asia have looked at 
the yield of random bladder biopsies. The rate of finding malig- 
nancy varies from 8-12.4%, with highest yield in patients with 
high-risk tumours.?2-° Random bladder biopsies can be omitted 
in low-risk tumours (papillary appearance and negative cytology) 
as the incidence of concomitant CIS is less than 2% in this popula- 
tion.*4 The prostate may also be involved with tumour in patients 
with non-muscle-invasive bladder tumours. Risk factors for pros- 
tatic involvement include trigonal or bladder neck tumours, CIS, 
and multifocal malignancies.*° Transurethral biopsies of the pros- 
tate should be taken when intraprostatic tumours are identified 
or when the aforementioned risk factors are present with positive 
cytology and no visible tumours. 


Staging and classification 


The American Joint Committee on Cancer classification, or 
Tumour-Node-Metastases (TNM) system, is the most widely 
used staging system for bladder cancer (for further information 
on staging please see www.cancerstaging.org).>”7 Non-muscle- 
invasive tumours include Ta, T1, and carcinoma in situ (Tis). The 
bladder wall is generally divided into four layers (Fig. 6.19.1): the 
urothelial mucosal surface, subepithelial connective tissue (lam- 
ina propria), the detrusor muscle (or muscularis propria), and the 
surrounding fat. 

Ta tumours are confined to the mucosa, Tis is a high-grade 
tumour that does not invade into the lamina propria, and T1 
tumours invade into the subepithelial connective tissue. Some 
groups advocate a T1b subclassification for tumours that invade 
into the deep subepithelial connective tissue but the prognostic 
value of this schema has not been validated and it is not widely 
used.*8 Tumours invading the bladder muscular wall are stage T2 
with tumour invading the superficial muscularis propria (inner 
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Fig. 6.19.1 Bladder wall divided into four layers. 
Reproduced with courtesy of Lewis E. Calver. 


half) categorized as T2a and tumours invading the deep muscu- 
laris propria (outer half) as T2b. The bladder wall is surrounded 
by fat and tumours that invade the fat are classified as T3. Most 
non-muscle-invasive tumours on initial presentation are papillary 
tumours that do not invade the lamina propria.*? Ta tumours are 
usually solitary, coral-like tumours that are generally low grade 
(Fig. 6.19.2). Low-grade Ta tumours are associated with a high rate 
of tumour recurrence (15-70% at one year) but low rate of progres- 
sion to higher stage disease with less than 5% progressing to muscle- 
invasive disease.?”40-43 The minority of tumours that are Ta with 
high grade have between a 13-40% chance of progressing to lamina 
propria invasion, and between 6-25% chance of becoming muscle- 
invasive.*4 T1 tumours comprise approximately one-quarter of all 
non-muscle-invasive tumours at initial presentation.*? They may 
be papillary or nodular on gross appearance and have worse malig- 
nant potential than Ta tumours in terms of recurrence (80%) and 


Fig. 6.19.2 Ta tumours are usually solitary, coral-like tumours that are generally 
low grade. 
Reproduced with courtesy of Payal Kapur. 


Fig. 6.19.3 Bladder CIS is a non-invasive, high-grade tumour by definition. 
Reproduced with courtesy of Payal Kapur. 


progression (50% within three years).4*4>46 There is also a signifi- 
cant concern about understaging of T1 tumours, which is the rea- 
son for performing a repeat resection of the scar and the bladder 
(re-TUR) to confirm the absence of muscle invasion. Bladder CIS is 
a non-invasive, high-grade tumour by definition (Fig. 6.19.3). CIS 
in reference to bladder cancer does not denote a premalignant or 
precursor lesion. CIS is not always visualized on cystoscopic exam 
but often presents as erythematous, or velvety, patch that may dif- 
fusely occupy the bladder mucosa. This makes it difficult to identify 
and eradicate during transurethral resection. CIS most commonly 
occurs concurrently with other bladder tumours and is associated 
with high rates of recurrence (82%) and progression (42-83%) 
especially if not treated with adjuvant intravesical therapy.44+47-48 

Tumour grade has a dramatic impact on progression and sur- 
vival in patients with non-muscle-invasive bladder cancer. For 
non-muscle-invasive tumours, grade has a greater prognostic sig- 
nificance than tumour stage for predicting progression.!440-42,4445 
The World Health Organization (WHO) bladder cancer grading 
system of 1973 classified cancers as urothelial papilloma, grade 1 
(well differentiated), grade 2 (moderately differentiated), and grade 
3 (poorly differentiated) carcinoma (Box 6.19.1 and 6.19.2).?449 
The WHO and International Society of Urological Pathologists 
amended the 1973 classification in 2004 with two substantial 
changes. First, a new category named papillary urothelial neopla- 
sia of low malignant potential (PUNLMP) was created to describe 
lesions without cellular characteristics of malignancy but with pap- 
illary appearance and increased cell layers.244° Secondly, tumours 
were to be categorized as either high grade or low grade, to avoid 
overclassification as WHO 1973 grade 2 lesions (moderately differ- 
entiated) that displayed more variable clinical behaviour.?4? The 
2004 classification is demonstrated to have less interobserver vari- 
ability than the previous version.*° Neither system has been dem- 
onstrated to have prognostic superiority as of yet.°°>! 

Clinical staging incorporates the physical exam (including 
bimanual examination under anaesthesia before and after trans- 
urethral resection of bladder tumour—TURBT), radiographic 
imaging, and histological findings at TURBT. Urinary cytology and 
other urine-based markers may also be used. Clinically palpable 
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Box 6.19.1 1973 WHO grading of urothelial lesions“? 


1973 WHO grading 


¢ Urothelial papilloma 

+ Grade 1: well differentiated 

+ Grade 2: moderately differentiated 

+ Grade 3: poorly differentiated 

Reproduced with permission from Mostofi FK et al., Histological typing 
of urinary bladder tumours, International Histological Classification of 
Tumours, Number 10, World Health Organization, Geneva, Switzerland, 


Copyright © World Health Organization 1973, http://apps.who.int/iris/ 
bitstream/10665/41533/1/9241760109_eng.pdf 


primary tumours and lymph nodes are not consistent with non- 
muscle-invasive bladder cancer. Along with cystoscopy, intravenous 
urography (IVU) or computed tomography urography (CTU) are 
often used as a part of the haematuria evaluation to identify con- 
comitant filling defects in the upper tract collecting system, hydro- 
nephrosis suggesting bulky ureteral tumours or muscle-invasive 
bladder tumours near a ureteral orifice, and large tumours within 
the bladder. CTU has the advantage of assessing the kidneys, extent 
of local invasion, and potentially enlarged pelvic lymph nodes. 
Urine cytology from a voided or barbotaged specimen is helpful 
in the diagnosis and monitoring of patients with urothelial carcin- 
oma. The sensitivity of urine cytology approaches 90% in patients 
with high-grade tumours and CIS but drops substantially for low- 
grade tumours.*? A host of FDA-approved urine-based markers are 
commercially available with a promising role in the diagnosis and 
surveillance of bladder cancer, including nuclear matrix protein 22 


Box 6.19.2 2004 WHO grading of urothelial lesions*? 


2004 WHO grading 

Flat lesions 

+ Hyperplasia (flat lesion without atypia or papillary aspects) 
+ Reactive atypia (flat lesion with atypia) 

+ Atypia of unknown significance 

¢ Urothelial dysplasia 

+ Urothelial carcinoma in situ (CIS) 

+ Papillary lesions 

¢ Urothelial papilloma (completely benign lesion) 


¢ Papillary urothelial neoplasm of low malignant potential 
(PUNLMP) 


+ Low-grade papillary urothelial carcinoma 


+ High-grade papillary urothelial carcinoma 


Text extracts reproduced with permission from Jonathan Epstein et al., The 
World Health Organization/ International Society of Urological Pathology 
Consensus Classification of Urothelial (Transitional Cell) Neoplasms of the 
Urinary Bladder, The American Journal of Surgical Pathology, Volume 22, 
Issue 12, pp. 1435-1448, Copyright © 1998 Wolters Kluwer Health. 


(NMP22) and UroVysion®; however, none have replaced cytology or 
cystoscopy to date.°3>4 

Repeat TURBT may be required after initial tumour resection 
if the initial tumour burden was not completely resected, medical 
instability of the patient or anaesthetic complication required early 
termination of the procedure, if all tumours were not anatomic- 
ally accessible (i.e. large median lobe precluding resection of pos- 
terior tumours), or if visibility was excessively impaired. Restaging 
TURBT should also be considered in certain circumstances even 
if the aforementioned factors were not present, for instance when 
muscle is not identified in the initial specimen. 

There is a significant risk of tumour understaging after ini- 
tial TURBT. When cystectomy is performed for presumed non- 
muscle-invasive bladder cancer, pathologic upstaging is reported in 
34-50% of patients.°>->® Patients in these series certainly had risk 
factors such that early cystectomy was recommended; regardless, 
they demonstrate the substantial risk of understaging. T1 tumours 
should be restaged within two to six weeks of the initial resec- 
tion. Residual disease after initial resection of T1 disease is identi- 
fied in one-third to one-half of patients.°°-*! Approximately 20% 
of patients that undergo repeat tumour resection will have their 
tumour upstaged; this figure rises to 60% if no muscle was present 
on the initial specimen.**®* Repeat transurethral resection alters 
management strategy in 33% of patients and may improve survival 
as well.6364 


Prognostic indicators for future recurrence 
and progression: defining risk 


While a bladder tumour can be removed by endoscopic resection 
(where possible), most patients develop further cancers within their 
lifetime. These subsequent tumours may arise from residual tissue 
at the site of the primary cancer (from an incomplete transureth- 
ral resection) or distant to this region from widespread molecular 
changes that have occurred following global carcinogen exposure 
(so-called ‘field change’). The risk of further recurrences (a similar 
cancer to the previous) or progression (worse cancer to the previ- 
ous) is key to the management of that patient. Those at high risk 
require close surveillance and adjuvant treatments, while those at 
low risk may be managed less closely. Tumour stage and grade have 
a significant impact on recurrence and progression rates but there 
are other factors that influence these rates. Tumour multiplicity, 
size, concomitant CIS, and time from resection to recurrence have 
independent prognostic value.*#© In a Spanish study, multivariate 
analysis demonstrated; stage, grade, tumour multiplicity and pres- 
ence of CIS to be independent factors of recurrence, progression, 
and survival in patients with non-muscle-invasive bladder can- 
cer. These authors stratified patients into low, intermediate, and 
high-risk groups based on the aforementioned factors and found 
that clinical outcomes could be meaningfully predicted and guide 
therapy. Despite over 1,000 patients, this study was limited because 
recurrence and progression were not differentiated. The European 
Organization for Research and Treatment of Cancer (EORTC) 
Genitourinary group combined data from seven prospectively con- 
ducted EORTC trials including over 2,500 patients and found that 
recurrence and progression could be predicted based on; tumour 
multiplicity, diameter, primary recurrence rate (<1 year), tumour 
stage, presence of CIS, and grade. These six variables were given 
weighted values to calculate a final score and stratify patients into 
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low, intermediate, and high-risk groups. Recurrence rates at one 
and five years were 15% and 31% for low-risk patients, between 
24-38% at one year and 31-46% at five years for intermediate risk 
patients, and 61% and 78% for high-risk patients, respectively. 
Progression rates at one and five years were substantially lower 
for low-risk patients (0.2 and 0.8%, respectively) than high-risk 
patients (4-24% progression at one year and 14-55% progression 
at five years). 

Pathologic features and molecular markers have also been evalu- 
ated for prognostic significance in non-muscle-invasive bladder 
cancer. Tumours that invade into the deep subepithelial connective 
tissue (proposed T 1b classification) may be associated with higher 
progression rates.38 Lymphovascular invasion (LVI) is an inde- 
pendent predictor of overall mortality, cancer-specific mortality, 
local, and distant recurrence in patients receiving cystectomy for 
bladder cancer.® It is an ominous finding if identified on TURBT 
specimen. Recurrence rates (48% vs. 34%) and progression rates 
(30 vs. 10%) are found to be worse in patients with LVI than those 
without LVI, respectively.6” The prognostic utility of regulatory 
biomarkers including pRb, p53, p21, and various growth factors is 
also studied in bladder cancer.®8-’6 Altered expression of cell cycle 
regulators such as p53, p21, p27, cyclin E, and proliferative markers 
including Ki-67 are associated with increased recurrence and pro- 
gression rates. Combining these markers allows for statistically sig- 
nificant risk stratification.®* Tissue-based markers are still largely in 
the investigational stage and are not widely used for clinical deci- 
sion making. 


Surveillance 


Due to the high recurrence rates of non-muscle-invasive bladder 
tumours, patients require close surveillance. Patients should be 
queried about voiding symptoms and gross haematuria at each 
follow-up appointment. Cystoscopy is also performed at regular 
intervals, as non-invasive methods utilizing urinary biomarkers 
for surveillance are still in the investigation phases.”” Cystoscopy is 
usually performed in the outpatient setting, precluding the need for 
general anaesthesia. Intraurethral anaesthetic and use of a flexible 
cystoscope is commonly utilized. 

The first cystoscopy following TURBT should take place at three 
months, since recurrence at this time is recognized as an important 
prognosticator for both recurrence and progression.4%7879 After 
urinalysis confirms the absence of infection, cystoscopy should 
be performed. This frequently includes a barbotaged urine speci- 
men that is sent for cytology, however, the benefit of cytology in 
patients with low-grade tumours has been questioned due to low 
sensitivity. The National Comprehensive Cancer Network guide- 
lines recommend cystoscopic evaluation every three to six months 
and then at increasing intervals as appropriate.>” There is no con- 
sensus on optimal follow-up regimen, but conventionally patients 
are assessed cystoscopically at three-month intervals for the first 
two years, and then at six-month intervals for the next two to three 
years, and then annually thereafter.®° For low-risk tumours, how- 
ever, the EAU guidelines recommend cystoscopy at three months 
and if negative then another cystoscopy at 12 months and annually 
thereafter for the next five years.®! 

The surveillance cycle restarts every time a tumour is identified. 
If a tumour is identified on surveillance cystoscopy, the patient 
will require another TURBT to reassess the stage, grade, and 


pathological characteristics of the recurrent tumour for oncologic 
control of the tumour and proper patient counselling. In select 
patients that have a long history of only low-grade Ta tumours, 
small tumours may be laser or electrofulgurated in the ambulatory 
setting with the use of an intravesical anesthetic#? or even man- 
aged without resection (so-called active surveillance) given their 
low propensity for progression and to avoid multiple operations 
and anaesthetics.8%83 


Tumour markers 


In an effort to eliminate or minimize the need for cystoscopy and 
also to decrease missed lesions due to operator error, difficult to 
diagnose CIS patches, and diagnostically challenging areas of acute 
inflammation or chronic catheter irritation, considerable effort has 
been spent on developing non-invasive, urine-based tumour mark- 
ers. The development of adequate biomarkers could also poten- 
tially decrease the significant cost associated with bladder cancer 
surveillance.°? 

Urine-based tumour markers are usually compared to cytology 
in terms of ability to detect when cancer is present and reliably pre- 
dict when there is no malignancy. Urine cytology has an accept- 
able sensitivity for detecting high-grade bladder cancer, yet lacks 
sensitivity for detect low-grade tumours, ranging from 4% to 31%. 
Cytology is also limited by the fact that results are not immediately 
available and a specialized cytopathologist is required for interpret- 
ation; results generally take one week to report, and possibly longer 
if no pathologist is readily available.84 Unfortunately, the fact that 
cytology misses up to 20-30% of high-grade tumours means that 
it cannot replace or delay cystoscopy. Finally, frequently there are 
inconclusive results such as atypical cytology which make it diffi- 
cult to interpret. 

An ideal bladder tumour marker would accurately detect and 
monitor patients with a history of bladder cancer, identify recur- 
rence early and prevent disease progression. Because of the rela- 
tively low prevalence of bladder cancer in general, screening 
the whole population would not be cost effective.8> An accurate 
marker would also have the potential to replace, delay, or com- 
plement cystoscopy and/or cytology in the detection and moni- 
toring of patients with bladder cancer. An ideal bladder cancer 
monitoring test would be non-invasive, objective, easy to perform 
and interpret, with high sensitivity and specificity, and would pro- 
vide an immediate or rapid result. As noted above, the most com- 
monly used adjunct for identification of bladder cancer is cytology 
which detects neoplastic cells in the urine.8° Below the more com- 
monly used and rigorously examined tumour markers will be 
discussed. 

NMP22° (Alere Inc.) and BTA stat? are two extensively stud- 
ied, urine-based protein-based tumour markers. The BTA stat® 
is a qualitative point-of-care test and the BTA TRAK is a quanti- 
tative test that detect human complement factor H-related pro- 
tein (as well as complement factor H) which is present in the 
urine of patients with bladder cancer.8” Nuclear matrix proteins 
have been attributed roles in DNA replication, in ribonucleic 
acid transcription and in the regulation of gene expression. One 
member of this family, nuclear mitotic apparatus protein 22 
(NMP22), is much more prevalent in malignant urothelial cells 
than in their normal counterparts and is released in the urine 
during apoptosis. 
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ImmunoCyt™ (Diagnocure) is a test that combines cytology 
with an immunofluorescence assay.88 ImmunoCyt™ detects cellu- 
lar markers for bladder cancer in exfoliated urothelial cells using 
three fluorescent monoclonal antibodies to detect a high molecular 
weight form of carcinoembryonic antigen and two bladder tumour 
cell-associated mucins. At this time, the test requires the use of 
a fluorescence microscope by trained personnel and, as a conse- 
quence, is performed in a reference laboratory. Multiple chromo- 
somes, such as 1, 3, 4, 7, 8, 9, 11, and 17 are altered in cancers of the 
urinary tract. 

UroVysion™ (Abbott) is a genetic test with a multitarget fluor- 
escence in situ hybridization (FISH) assay that detects increased 
numbers of chromosomes 3, 7, 17 as well as loss of the 9p21 locus. 
The FISH test combines assessment of the morphologic changes of 
conventional cytology with molecular DNA changes. The kit con- 
tains a mixture of unlabeled blocking DNA to suppress sequences 
contained within the target loci that are common to other chro- 
mosomes. A minimum of 25 morphologically abnormal cells are 
viewed. The case is considered positive for a tumour if four or more 
cells exhibit polysomy of chromosomes 3, 7 or 17, or if there is loss 
of chromosome 9 in nine cells.8? However, no uniform criterion 
exists for a positive UroVysion assay at this time. 

The main disadvantage of current markers is their lower specifi- 
city compared with cytology. For example, there is a substantially 
higher level of NMP22 in the urine of patients with bladder can- 
cer. However, because this protein is released from dead and dying 
urothelial cells, many benign conditions of the urinary tract, such 
as stones, infection, inflammation, and haematuria carry these pro- 
teins as well and cystoscopy can cause a false-positive reading. At 
this time, it is difficult to make clear recommendations regarding 
the use of urine markers. The potential clinical scenarios for use 
of markers is in lieu of cystoscopy for either detection or surveil- 
lance, as an adjunct to cystoscopy for detection or surveillance or in 
combination with cystoscopy and cytology. The available markers 
are not sensitive enough to replace cystoscopy. Most studies have 
evaluated markers in combination with cystoscopy and cytology, 
with tumour markers improving sensitivity.°°! Unlike cytology 
which has a very high specificity, markers suffer from issues with 
lower specificity such that many patients with a positive marker do 
not have cancer. As a consequence, patients with a positive marker 
are usually monitored more closely but do not have recommenda- 
tion to undergo bladder biopsies. 


Upper urinary tract surveillance 


There is a risk of developing metachronous tumours in the upper 
urinary tracts associated with bladder tumours. The overall per- 
centage of patients with bladder tumours that synchronously or 
subsequently develop upper tract urothelial carcinomas is low (2%) 
but has been reported to be as high as 18% in high-risk patients.°” 
The risk of upper tract malignancy increases with advanced tumour 
grade, location near the ureteral orifices, and in patients with 
haematuria.°+°> Tumour multiplicity, frequent recurrences, pres- 
ence of bladder CIS, and intravesical therapy failures are also iden- 
tified as relatively higher risk characteristics.* 

There is no consensus for who requires upper tract imaging and 
how often. Most patients receive imaging of their upper urinary 
tracts during initial evaluation if haematuria is the presenting symp- 
tom. Upper tract imaging may be postponed in patients with low 


risk (Ta/T1, low grade) unless haematuria develops or cytology is 
positive without identifiable lesions. In patients at higher risk, upper 
tract imaging should be considered annually. Intravenous urog- 
raphy was traditionally employed for upper tract surveillance but 
is limited in ability to evaluate the renal parenchyma. Retrograde 
pyelography may be performed in a single setting in patients that 
are to undergo TURBT or may be required in patients with renal 
insufficiency or contrast allergy. CTU is increasingly being used for 
upper tract surveillance because of better sensitivity and specificity 
than IVU for detecting upper tract urothelial carcinomas.” 


Prevention of recurrence and progression 


TURBT is the cornerstone for initial diagnosis and management of 
non-muscle-invasive bladder tumours. Nearly one-half of patients 
will have a tumour recurrence within one year of initial TURBT. 
Of greater importance, approximately 0.4-24% will progress to 
muscle-invasive or metastatic disease.4? Tumour recurrence is pos- 
tulated to occur because of incomplete resection, occult tumours 
that were not visualized and resected at initial TURBT, floating 
tumour cells reimplanting after resection, and de novo tumour 
formation secondary to the known field effect of bladder cancer. 
Intravesical chemotherapy and immunotherapy are the two most 
extensively utilized and studied treatment modalities for the pre- 
vention of recurrence and progress. 


Intravesical chemotherapy 


Intravesical chemotherapy may be administered as a single peri- 
operative dose within 24 hours of TURBT, as a six to eight week 
induction course following resection, or as a full course of induc- 
tion + maintenance therapy. The perioperative dose decreases 
recurrence by preventing reimplantation of circulating tumour 
cells and by destroying non-resected tumour. Circulating tumour 
cells are covered by extracellular matrix within hours of reimplan- 
tation following TURBT, emphasizing the need for early postop- 
erative chemotherapy.” While instillation of chemotherapeutic 
within 24 hours of TURBT is deemed acceptable, early instillation 
immediately following TURBT may be superior.?”! Suspected 
extra- or intraperitoneal bladder rupture or bleeding requiring 
continuous bladder irrigation precludes the safe use of postopera- 
tive chemotherapy and is an absolute contraindication. Sylvester 
and colleagues conducted a metanalysis of seven randomized tri- 
als comparing TURBT alone to TURBT with a single postopera- 
tive dose of intravesical chemotherapy (mitomycin C in two trials, 
epirubicin in three trials, thiotepa in one trial, and pirarubicin in 
one trial). Notably, no single cytotoxic chemotherapeutic drug was 
demonstrated to be superior to others with respect to efficacy and 
all show beneficial effect.!°! Over a 3.4 year median follow-up in 
1,476 patients, 36.7% recurred in the cytotoxic chemotherapy arm 
versus 48.4% in the TURBT alone arm, for a reduction in the odds 
of recurrence of 39%.!°! The majority of patients in this metanaly- 
sis had solitary tumours (80%). More recent studies suggest that 
patients with low-risk tumours (EORTC recurrence scores 0-2) 
derive the greatest benefit from single dose perioperative chemo- 
therapy while patients with higher risk tumours receive little or 
no benefit.!°? Of note, single dose intravesical chemotherapy has 
not demonstrated a reduction in progression-free survival rates. A 
clinically significant difference in progression rates are more dif- 
ficult to demonstrate given the overall low rates of progression in 
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the low-risk patients that are included in these particular trials. 
Furthermore, there has not been a direct comparison between a 
single postoperative dose of intravesical chemotherapy and induc- 
tion chemotherapy, and these two adjuvant options are often com- 
bined in clinical trials and meta-analyses. In patients with low-risk 
non-invasive bladder cancer, a single dose of postoperative mito- 
mycin is considered standard of care. An induction course may be 
considered as clinical scenario warrants. 101103 

There are a host of intravesical chemotherapeutics that are 
available, including doxorubicin, mitomycin C, thiotepa, epiru- 
bicin, and valrubicin. As mentioned previously, none has defini- 
tively been shown to be superior to the others. Mitomycin C is the 
most commonly used intravesical agent used in the United States. 
Mitomycin C is prepared for intravesical instillation by combining 
20-60 mg of mitomycin C in 20-40 mL of sterile water or normal 
saline. A concentration of 40 mg/40 mL is the most commonly used 
formulation. Confirming complete bladder drainage and restrict- 
ing fluid prior to instillation allows for the highest concentration of 
solution to be exposed to the urothelium.!% 

Maintenance intravesical chemotherapy may be considered in 
patients that are at higher risk for recurrence. First and foremost, 
a decision must be made if the goal is to prevent recurrence (low- 
grade tumours) or progression (high-grade tumours) based on the 
histology from the TURBT specimen. Intravesical chemotherapy, 
including maintenance regimens, prevents recurrence but not pro- 
gression in primary and recurrent tumours. 105-107 No trials directly 
compare a short course of postoperative intravesical chemotherapy 
(either as a single postoperative dose or as a postoperative course 
of <2 months duration) to an induction course and maintenance 
chemotherapy. Further, the schedule of maintenance instillations 
is not standardized. However, in metanalyses of patients with pri- 
mary and recurrent non-invasive tumours without CIS, an induc- 
tion course of chemotherapy alone had higher rates of recurrence 
than an induction course with one to two years of maintenance 
chemotherapy.!0.!06 While metanalyses on induction-only versus 
induction plus maintenance chemotherapy for preventing recur- 
rence of bladder tumour suggest a benefit of maintenance chemo- 
therapy; the optimal length of treatment, frequency of instillations, 
and dose of chemotherapeutic agent remain to be elucidated.!07 


Intravesical immunotherapy 


In 1976, Alvaro Morales described an antitumour effect of Bacillus 
Calmette-Guérin (BCG), an attenuated mycobacterium, for blad- 
der cancer.!°8 Since the initial reports, intravesical instillation of 
BCG has replaced percutaneous inoculation for the prevention 
of recurrence and progression in non-invasive urothelial carcin- 
oma.!°? Instillation of BCG into the bladder triggers an extensive 
local immunologic and antiangiogenic response largely medi- 
ated by the release of cytokines that activate downstream cell- 
mediated cytotoxic pathways as well as both T-helper Type I and II 
responses.!!0-1!2 Ultimately, this inflammatory reaction results in 
the anti-neoplastic activity of BCG. 

Intravesical formulation of BCG is prepared by combining 50 
mL of saline to a powdered form of the attenuated mycobacterium. 
The solution is instilled through a urethral catheter into the blad- 
der for two hours. Some groups have reported similar efficacy with 
reduced concentrations of BCG to reduce treatment-related mor- 
bidity.!!3 However, the incidence of severe systemic adverse events 
is comparable between the standard and reduced-dosed groups. 


Further, there may be an advantage to full dose BCG in multi- 
focal tumours.!!4!15 Anecdotally, the patient can be sequentially 
rotated 90 degrees every half an hour to bathe the entire surface of 
the bladder. Following instillation, the bladder is drained through 
the urethral catheter and the catheter may be removed. Systemic 
absorption of BCG may lead to significant complications; as such 
administration of intravesical BCG is usually delayed two to four 
weeks after TURBT, once the bladder mucosa has an opportunity to 
heal. Further, treatment after episodes of gross haematuria or trau- 
matic catheterization should be delayed for one week to allow for 
re-epithelialization of the mucosa prior to instillation. Urinalysis 
prior to administration of BCG allows for diagnosis of cystitis, 
which potentially enhances systemic absorption and subsequent 
complications. 

BCG is recognized to be superior to intravesical chemotherapy 
for the prevention of recurrence and progression of non-invasive 
bladder cancer and for the treatment of CIS. However, BCG has a 
substantially worse toxicity profile than intravesical chemotherapy, 
including infectious complications that do not exist with chemo- 
therapy. The higher incidence and more severe nature of BCG 
adverse events limit its uniform use. Broadly, in patients with low- 
risk tumours (based on EORTC criteria), who are at a very low risk 
of progression, intravesical chemotherapy is favoured due to fewer 
adverse effects. On the opposite end of the spectrum, patients in 
the high risk category should receive BCG if early cystectomy is 
not planned. For patients at intermediate risk for recurrence and 
progression, BCG is more effective than intravesical chemotherapy 
for prevention yet carries a higher risk of adverse effects. For these 
patients, both intravesical chemotherapy and immunotherapy are 
reasonable options and should be tailored to the clinical scenario 
and patient preference. Serious systemic side effects of BCG are 
limited to <5% of patients and most of these can be effectively man- 
aged with prompt diagnosis and treatment.!!® Nevertheless, in a 
large multicentre study, 20% of patients stopped BCG due to unto- 
ward side effects, including BCG-induced cystitis, fever, and gen- 
eral malaise. Notably, the incidence of side effects decreased with 
increased length of BCG treatment.!!¢ 


The Impact of Bacille Calmette—Guérin 
therapy on recurrence and progression 


BGG is consistently demonstrated to be better than TURBT alone 
for the prevention of recurrent tumours. Early single and multi- 
centre studies demonstrated that BCG reduced tumour recurrence 
rates compared to TURBT alone by 20-65%.!!7-1!9 Subsequently, 
multiple metanalyses confirmed that adjuvant intravesical BCG 
after TURBT is superior to TURBT alone and TURBT plus intra- 
vesical chemotherapy.!#°-!?? In a prospective, randomized trial, 
Lamm et al. reported an improved first-recurrence-free sur- 
vival interval for patients receiving BCG compared to mitomycin 
C.124 A meta-analysis of 11 trials comparing BCG to intravesical 
chemotherapy demonstrated that overall 38.6% of the patients 
receiving BCG and 46.4% of those in the mitomycin C arm had 
tumour recurrence.!*? In the subgroup treated with maintenance 
BCG, six studies uniformly showed significant superiority of BCG 
over mitomycin C (OR 0.43, p <0.001) for the prevention of recur- 
rence.!?3 Randomized clinical trials of patients with intermediate 
and high-risk tumours have also illustrated the superiority of BCG 
compared to combination therapy of epirubicin and interferon, 
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mitomycin C, and epirubicin alone.!?5-128 In one study comparing 
mitomycin C to BCG with nine-year follow-up, 80% in the MMC 
group experienced recurrence compared to 59% receiving BCG.126 
Similarly, when comparing combination of epirubicin/interferon to 
BCG, 62% were disease-free in the combination arm as opposed 
to 73% in the BCG cohort.!?° In summary, BCG is more effective 
than TURBT alone or TURBT plus intravesical chemotherapy for 
prophylaxis against tumour recurrence. 

The prevention of tumour progression is a more clinically sig- 
nificant end point than preventing recurrence, and the role of BCG 
in achieving this outcome is inconclusive. Herr and colleagues 
presented long-term data of BCG versus control in 86 high-risk 
patients and reported that progression occurred in 95% of controls 
versus 53% of BCG-treated patients.!2? Furthermore, time to dis- 
ease progression and cystectomy was significantly delayed by BCG 
treatment. Ultimately, radical cystectomy was performed in 42% of 
controls and 26% of patients receiving BCG. In a metanalysis of 24 
trials on 4,863 patients and a median follow-up of 2.5 years, 9.8% 
of patients on BCG had progression compared to 13.8% in controls 
for a reduction of 27% in the odds of progression on BCG.!3° The 
progression rate for patients with papillary tumours was low (6.4%) 
compared to those with CIS (13.9%); the overall low progression 
rates were attributed to primarily relatively low-risk patients being 
enrolled in trials and the short duration of follow-up. Of note, only 
patients receiving maintenance BCG benefited and there was no 
statistically significant difference in either overall survival or can- 
cer-specific survival for patients receiving BCG. The authors of the 
EORTC metanalysis concluded that BCG plus maintenance is the 
preferred treatment for patients with intermediate and high-risk 
papillary tumours and those with CIS.!°° Bohle and associated 
conducted a metanalysis that specifically compared BCG to intra- 
vesical chemotherapy.!*! This metanalysis included 1,277 patients 
treated with BCG and 1,133 with mitomycin C from nine trials with 
a median follow-up of 26 months. Tumour progression occurred in 
7.7% of patients in the BCG group and 9.4% of patients in the mito- 
mycin C group. In all nine individual studies and in the combined 
results, no statistically significant difference in the odds ratio for 
progression between the BCG and MMC-treated groups was found 
(combined OR = 0.77, p = 0.081). However, the combined result 
of the five individual studies where patients received maintenance 
BCG demonstrated a statistically significant superiority of BCG 
plus maintenance over MMC (OR = 0.66, p = 0.02). In summary, 
BCG is superior to TURBT alone, TURBT plus intravesical chemo- 
therapy, and TURBT plus other intravesical immunotherapy, such 
as interferon, for the prevention of tumour progression but only 
if administered with maintenance regimens. Currently there exists 
conflicting data regarding potential benefit of BCG over controls 
for the clinical end points of metastasis-free survival, cancer-spe- 
cific survival, and overall survival following a repeated meta-ana- 
lysis using individual patient data. 127-132 


Bacille Calmette—Gueérin for the management of CIS 


Carcinoma is situ is by definition a high-grade tumour and is dif- 
ficult to cure with TURBT alone. Furthermore, if CIS is found 
concomitantly with Ta/T1 tumours, there is an increased risk of 
recurrence and progression.*” Management options for CIS include 
adjuvant BCG therapy + maintenance or early cystectomy. No clin- 
ical trials have specifically analysed outcomes in patients with 
exclusively CIS treated with intravesical instillations; however, in a 


subgroup of 403 patients with CIS in the EORTC-GU metanalysis, 
BCG reduced the risk of progression by 35% compared to controls. 
BCG has higher efficacy than intravesical chemotherapy in terms of 
both initial response (68% vs. 49%), durability of response (68% vs. 
47% of initial responders), and overall disease-free survival (51% 
vs. 27%) for patients with CIS.4+!33 No trials compared BCG to 
early cystectomy in patients with CIS. Early cystectomy is associ- 
ated with excellent cancer-specific survival rates yet up to half of 
patients would be overtreated since durable response rates have 
been reported in the 30-50% range.!!8 In summary, BCG is super- 
ior to intravesical chemotherapy for CIS. A lack of randomized tri- 
als comparing BCG versus early cystectomy leave both of these as 
reasonable options that must be dictated based on individual clin- 
ical scenario. 


The preferred Bacille Calmette-Guerin 
treatment schedule 


As alluded to previously, individual studies and metanalyses con- 
sistently demonstrate that the benefits of BCG are improved when 
it is administered with a maintenance course. Morales initially 
described an arbitrary six-week induction course of BCG, and this 
is still the most commonly utilized induction regimen.!0° Han and 
Pan conducted a metanalysis assessing recurrence rates in patients 
with non-invasive bladder cancer.!?° They included 10 studies com- 
paring patients who only received induction BCG (n = 2,072) to 
those that received BCG plus maintenance (n = 1,070) and found 
that maintenance decreased the risk of recurrence with an odds 
ratio of 0.47 (p = 0.004). In the metanalyses by Sylvester and Bohle 
that assess tumour progression rates, BCG was superior to controls 
if given with maintenance (37% reduction in odds or progression) 
and was statistically no different from controls if no maintenance 
was administered. The optimal dose, duration/type of induction 
course, and maintenance schedule are unknown. The Southwest 
Oncology Group (SWOG) utilized a six-week induction course 
of BCG followed by three weekly instillations at three months, six 
months, and then every six months thereafter for a total of three 
years.!34 The results were convincingly in favour of maintenance, 
with a median recurrence-free survival of 77 months in the main- 
tenance arm compared to 36 months in the control group. However, 
only 16% of patients tolerated the full three-year schedule, and 
the majority of patients that stopped BCG did so in the first six 
months. As such, it is postulated that shorter course of maintenance 
may be adequate as this is what most patients actually receive. In 
their metanalsyes assessing recurrence and progression, Bohle and 
colleagues concluded that at least one year of maintenance BCG 
therapy is requisite to make BCG more effective than intravesical 
chemotherapy. !73-131 


Treatment of refractory disease 


Non-muscle-invasive bladder cancer is considered refractory to 
intravescial treatment if (i) muscle-invasive disease develops; (ii) 
if tumour persists despite intravesical therapy; or (iii) worsening 
of the disease develops with either higher T stage, advanced grade, 
new CIS, or more frequent recurrences despite intravesical chemo- 
therapy or immunotherapy. Failure of intravesical chemotherapy 
may be treated with BCG.135 A second induction courses of BCG is 
effective in 25-30% of patients with persistent or recurrent disease 
after an initial induction course. !23:130:135-137 However, 20-50% of 
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patients treated with BCG after a second induction course will pro- 
gress.138 Because of the high risk of progression, early cystectomy is 
advocated in intravesical treatment failures. If patients refuse cyst- 
ectomy or are medically unfit, alternative experimental intravesical 
instillations may be considered.139-! 


Conclusion 


Non-muscle-invasive bladder cancer is a heterogeneous clinical 
entity, ranging from low-grade tumours with an indolent natural 
history to clinically aggressive, high-grade tumours. Accurate sta- 
ging and risk stratification is paramount to identify which patients 
are at risk for recurrence and progression. This information is 
then used to thoughtfully integrate adjuvant treatment such that 
overtreatment is minimized in patients with indolent tumours 
and promptly incorporated for patients at higher risk. The goal in 
patients with aggressive tumours is to prevent or delay progression 
with the use of intravesical therapy and allow for preservation of the 
bladder as long as safely possible. Radical cystectomy is reserved 
for patients that are refractory to more conservative treatment or 
that progress to muscle invasion. Periodic surveillance with cystos- 
copy is required given the substantial recurrence rates for bladder 
tumours. The role of tumour markers to augment or replace cystos- 
copy is currently being investigated. 
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Bladder cancer 
High-grade non-muscle-invasive disease 


Richard P. Meijer, Alexandre R. Zlotta, 
and Bas W.G. van Rhijn 


Introduction to bladder cancer 


High-grade non-muscle-invasive bladder cancer (HG-NMIBC) 
represents the spectrum of NMI urothelial carcinoma (UC) with 
the highest risk for recurrence and progression to muscle-inva- 
sive bladder cancer (MIBC). This collective term includes all 
high-grade non-muscle-invasive (NMI) UC, such as those without 
invasion (pTa), those with lamina propria invasion (pT 1) and those 
that are only/have concomitant carcinoma in situ (CIS; pTis). As 
such, HG-NMIBC represents a locally confined aggressive disease, 
and patients should be managed carefully and counselled about the 
potential outcomes. Disease progression, in this context is defined 
as the onset of MIBC or metastases from a NMI cancer. This event 
is associated with a dramatic deterioration in the prognosis for the 
patient (from around 80% to less than 50% five-year survival) anda 
change in treatment intent (perhaps from conservative to radical). 
As such, progression is the key clinical event in the management 
of patients with HG-NMIBC, and their care is directed towards 
its prevention or early detection. Of note, while these tumours are 
usually locally confined, around 5% of patients with HG-NMIBC 
have metastases at diagnosis. 

To enable recurrence and progression risk assessment for 
patients with NMIBC, the European Organisation for Research 
and Treatment of Cancer (EORTC) has developed a risk calcula- 
tor (www.eortc.be/tools/bladdercalculator) based on six variables 
(Table 6.20.1). High-grade pTa tumours have a 20-25% risk of pro- 
gression to muscle-invasive disease, in contrast to pT1 tumours 
where the risk if between 25-75%.!-> Thus, the exact classification 
of high-risk lesions is of the utmost importance. Despite defined 
histopathological criteria, there is significant inter-observer vari- 
ability among pathologists when classifying Ta versus T1 tumours 
and in grading UC. Concordance between pathologists ranges 
from 40-60% for staging (Ta versus T1) and from 70-78% for clas- 
sifying CIS.>-> Therefore, central revision of histopathology by ded- 
icated uro-pathologists has been advised for all high-grade and pT1 
tumours (Ta versus T1).67 Treatment for HG-NMIBC consists pri- 
marily of complete transurethral resection of the bladder tumour 
(TUR-BT), followed by adjuvant intravesical instillations of Bacillus 
Calmette-Guérin (BCG) or primary radical cystectomy.68-10 
The latter should be considered for primary high-risk HGNMI-BC 
(such as large tumours, those lesions with mutlifocality, those with 
CIS), HGNMI-BC that does not respond to BCG and in patients 
who are young, symptomatic and perhaps in females (who respond 


Table 6.20.1 Weighting used to calculate recurrence and progression 


rates 

Factor Recurrence Progression 
Number of tumours 

Single 0 0 
2=7 3 3 
>8 6 3 
Tumour diameter 

<3cm 0 0 
>3.cm 3 3 
Prior recurrence rate 

Primary 0 0 
<1 recurrence/year 2 2 
>1 recurrence/year 4 2 
Tumour stage 

pla 0 0 
pl 1 4 
Tumour grade (WHO 1973) 

G1 0 0 
G2 1 0) 
G3 2 5 
Concomitant CIS 

No 0 

Yes 1 6 
Total score 0=17 0-23 


WHO = World Health Organization; CIS = carcinoma in situ. 


Reprinted from European Urology, Volume 49, Issue 3, Richard J. Sylvester et al, ‘Predicting 
Recurrence and Progression in Individual Patients with Stage Ta T1 Bladder Cancer Using 
EORTC Risk Tables: A Combined Analysis of 2596 Patients from Seven EORTC Trials, 

pp. 466-477, Copyright © 2006 Elsevier B.V, with permission from Elsevier, http://www. 
sciencedirect.com/science/journal/03022838 


more poorly than men to BCG).!! To further elucidate the risk 
profiles of T1 tumours, a system of substaging has recently been 
proposed, dividing these tumours in T1-microinvasive (T1m) and 
T1-extensive-invasive (Tle) tumours.’ The aim of this staging 
system is to increase concordance between pathologist and better 


stratify tumours with high and low progression risk. For patients 
with recurrence or persistence of HG-NMIBC during BCG treat- 
ment (BCG refractory disease), radical cystectomy is advised.!? 
In those not fit or choosing to avoid radical surgery, alternate 
approaches such as repeated BCG, BCG with an immune-modu- 
lating agent (such as interferon), intravesical chemotherapy (such 
as gemcitabine) or device assisted chemotherapy (such as mitomy- 
cin-c delivered using hyperthermia or electromotive drug admin- 
istration (EDMA)).}5 


Diagnosis 

Symptoms 

Visible haematuria is the most common presenting symptom for 
bladder cancer. However, in contrast to low risk papillary cancers, 
tumours with CIS (automatically defined as HGNMI-BC) may also 
commonly present with irritative lower urinary tract symptoms 
(such as urgency, frequency, pollakisuria, and dysuria). In females, 
these symptoms may be misdiagnosed as recurrent or antibiotic- 
refractory bacterial urinary infections. As with other UC, smok- 
ing and occupational carcinogen exposures are the most common 
causes of HGNMI-BC. However, smoking status does not predict 
bladder cancer stage or grade. 


Investigations and initial treatment 


Urinary cytology has a moderate sensitivity and high specificity 
for HG-NMIBC.*!4 The performance of cytology is even better for 
CIS, in which the lesions lack of cellular cohesion and often shed 
cells into the urine. As such, urinary cytology can be an accurate 
test to accompany cystoscopy for bladder surveillance.’ Urinary 
molecular markers have been extensively investigated, but (with 
respect to HG-NMIBC) they have not been proven to be of sub- 
stantial value in daily clinical practice. 

Cystoscopy is the most important tool in the diagnosis of blad- 
der cancer, and the trained operator should usually be able to dis- 
tinguish an indolent looking papillary low risk tumour from an 
aggressive HGNMI-BC. The latter appear more vascular, may have 
necrosis, may be multifocal, and may have solid elements. CIS 
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appears as a flat red spreading lesion, and can be missed by white 
light cystoscopy (reports suggest up to 53% of specimens with CIS 
were missed).!5!6 For this reason, the combination of cystoscopy 
with urinary cytology is of importance. Furthermore, in recent years 
the introduction of photodynamic diagnostics (PDD) has proven to 
be of significant importance in the identification of CIS. Prior to 
fluorescence cystoscopy, the bladder is filled with a fluorescent sub- 
stance (hexyl-aminovulinic acid), which accumulates primarily in 
tumour cells. During fluorescence cystoscopy blue ultraviolet light 
is used, causing the photosensitizing substance to emit a red fluores- 
cence, thereby highlighting the suspect regions in the bladder (Fig. 
6.20.1).!” The application of PDD has shown to improve diagnostic 
accuracy for CIS with 39% versus white light cystoscopy.!8!9 

UC may originate anywhere in the urinary tract, although upper 
urinary tract tumours are relatively rare (comprising 5-10% of all 
UC).?°2! Nevertheless, in selected cases of HG-NMIBC (especially 
tumours on the bladder trigone and adjacent to either ureteric ori- 
fice) it is important to exclude upper urinary tract tumours that 
may cause present as seedlings within the bladder.?? Therefore, 
upper tract imaging should be performed (e.g. CT-urography). CIS 
may be found anywhere in the urinary tract. In cases of abnormal 
urinary cytology, and the absence of lesions on cystoscopy or CT- 
urography, selective urinary cytology of each upper urinary tract 
and sampling of the prostatic urethra should be considered.® 

Transurethral resection of the bladder tumour (TUR-BT) is 
both a diagnostic and therapeutic procedure. Main goal of the pro- 
cedure is to perform a complete resection of the bladder tumour. 
Furthermore, to obtain adequate material to (sub)stage the tumour. 
Thus adequate resection of detrusor muscle underneath the tumour 
is necessary. For staging purposes separate (cold-cup) biopsies can 
be taken from the tumour-bed. 


Risk estimation 


To estimate the risk of future recurrence or progression from a 
new NMIBC, EORTC developed a risk calculator (www.eortc.be/ 
tools/bladdercalculator) based on six variables (Table 6.20.1). Of 
these, tumour grade is the strongest predictor, followed by stage 
and the presence of concomitant CIS. While CIS in many organs 


White light cystoscopy 


Fig. 6.20.1 White light cystoscopy (A) versus florescence cystoscopy (B). 


Fluorescence cystoscopy 
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is a premalignant (and often indolent) disease, CIS of the blad- 
der is an aggressive cancer. If untreated (or does not respond to 
BCG), CIS in the bladder may progress to muscle-invasive disease 
in approximately 50% of patients, intravesical disease recurrence 
in up to 90% of patients,??4 and at diagnosis 5% or more already 
have nodal metastases. CIS can be found in isolation within the 
urinary tract (i.e. primary CIS) or in combination with UC either 
concomitantly (i.e. synchronous CIS with an exophytic UC) or sub- 
sequently (i.e. metachronously after previous UC).>75 Although, 
it has been reported that patients with primary CIS have a better 
prognosis than patients with concomitant or secondary CIS, the 
risk profiles of these three clinical types of CIS have not yet been 
fully clarified.2°-2 It should be noted that UC associated with con- 
comitant CIS are usually HG-NMIBC (typically pT1 lesions). It is 
unusual for these UC to be low grade (grade 1 or grade 2 using 
1973), but in this case the CIS is the most aggressive and import- 
ant lesion. To provide a risk profile for CIS, a new subdivision has 
been proposed that identifyies patients with high-risk CIS (i.e. dif- 
fuse CIS, prostatic urethra involvement and/or overexpression of 
p53). These patients are at high risk of progression and metastatses 
and affected patients should be offered primary radical cystectomy 
without BCG. Lower risk CIS (i.e. focal CIS, lack of overexpression 
of p53, isolated lesion within the bladder) may be offered bladder- 
preserving therapy? (such as BCG) or primary radical cystectomy. 
CIS of the bladder is a recognized risk factor for the development of 
upper urinary tract tumours after radical cystectomy.*? 

For better assessment of NMIBC prognosis, a wide variety of 
molecular markers have been investigated. Some of these have been 
shown to be associated with aggressive disease and hold promise 
to predict progression if used in combination.??!32 Conversely, 
the FGFR3-mutation has been found to be a selective marker for 
favourable disease in several reports.3?-°4 Still the value of these 
molecular markers over traditional histo-pathology is not clear. 
Nevertheless, these markers may offer a better understanding of 
the biology of NMIBC and future research might lead to their use 
in clinical decision-making. 


Pathology and staging 


The histopathological report from a TUR-BT should specify tumour 
grade, depth of tumour invasion, and whether the lamina propria, 
sufficient muscle, and flat urothelial tissue are present in the speci- 
men.° In addition, pathological variants and lymphovascular inva- 
sion should be reported. As stated, HG-NMIBC is a collective term 
including all high-grade NMI UC, such as those without invasion 
(pTa), those with lamina propria invasion (pT 1), and those that are 
only or have concomitant CIS; pTis). 

About 20% of all Ta tumours are high grade.3536 Given that most 
high-grade lesions are invasive (pT1 or pT2+), the pathologist and 
surgeon should ensure that lamina propria and muscularis propria 
are seen clearly, before agreeing upon the diagnosis of a high-grade 
pTa lesion. In case of doubt, an early re-resection of the UC scar is 
advised. CIS is often a multifocal disease and can involve regions 
beyond the bladder (such as the prostatic urethra or upper urinary 
tracts). CIS is frequently associated with invasive bladder cancer 
and is suspected to be the biological precursor of these lesions. 1237 
In CIS, the adherence of epithelial cells is decreased and this feature 
may result in denuded biopsies when taken by cold cup or with the 
resection loop.!® Although CIS is defined as an overt high grade 


lesion, consensus on the diagnosis does not always exist when the 
specimen is reviewed by several pathologists. There is both intra- 
observer and inter-observer variability, even between severe dys- 
plasia and CIS.1638 Most HG-NMIBC are pT1 lesions. These are 
invading the lamina proporia but stop short of the detrusor muscle. 
The risk of progression to invasion for a pT1 lesion varies consid- 
erably (25-75%) and can be predicted by the depth of invasion and 
the presence of CIS elsewhere in the bladder. As for other HG- 
NMIBCs, the surgeon and pathologist should ensure that detrusor 
muscle has been seen and sampled clearly, before exdluding muscle 
invasion (stage pT2). High-grade T1 disease represents a dilemma 
for the clinician, as conservative treatment may result in progres- 
sion to life-threatening disease, whereas radical cystectomy may be 
overtreatment of non-progressive disease. Therefore, attempts have 
been made to develop a system of substaging that provides prognos- 
tic information to guide clinical decision-making in these patients. 
Some studies have proposed a system of substaging of T1 bladder 
cancer according to invasion above the muscularis mucosae-vas- 
cular plexus (MM-VP) (Tla), in the MM-VP (T1b), or beyond the 
MM-VP (Tic). Most studies found substage to be an important 
prognostic factor.940 However, there was a high degree of inter- 
observer variability between pathologists regarding the identifica- 
tion of the MM-VP at the site of invasion of the tumour.*! Finally, 
lack of consensus among pathologists led to the rejection of the 
Tla/b/c system by the WHO in 2004. A new system of T1 substag- 
ing was recently proposed, discerning T1-microinvasive (T1m) and 
T1-extensive invasive (Tle) tumours.” The definition of T1m was a 
single focus of lamina propria invasion with a diameter of <0.5 mm 
(within one high-power field objective x40). The definition of Tle 
represents a larger area with invasion or multiple microinvasive 
areas. The latter system of substaging (T1m and Tle) appears to be 
user-friendly and highly predictive of T1 bladder cancer behaviour, 
although further validation of this system is required. To further 
reduce inter-observer variability, the WHO 2004 adopted a modi- 
fied grading system for urothelial carcinomas. In this WHO 2004 
grading system, high grade consists of a part of the WHO 1973 
grade 2 and of the WHO 1973 grade 3.4243 


Treatment 


Surgical treatment 


The primary treatment for NMIBC is TUR-BT. During TUR-BT 
the tumour should be resected completely. A surprisingly high vari- 
ability has been reported in recurrence rates after TUR-BT between 
various institutions, implying important differences in the quality 
of surgical resection of bladder tumours.44 PDD may be used dur- 
ing TUR-BT to minimize positive surgical margins and residual 
disease and thereby reducing recurrence rates. 

In cases of HG-NMIBC, a re-staging TUR-BT is recommended 
within 6 weeks of the initial resection, because of the risk of 
residual disease and/or understaging. After initial TUR-BT the risk 
of residual disease varies between 36-63%.*°4” Although the use of 
PDD improves the results of the initial TUR-BT, there is still a risk 
of residual disease of 12%, justifying a second resection. In samples 
without adequate detrusor muscle, a second resection is essential 
to adequately stage the patient. The risk of understaging at primary 
TUR-BT varies from 24-30%.4°48 Therefore, a second TUR-BT 
should be performed after two to six weeks for all high-grade Ta-1 
tumours, in patients opting for bladder sparing treatment. 


The dilemma of bladder sparing treatment for patients with HG- 
NMIBC versus early cystectomy has been mentioned earlier.*” 
Some reports have been published on the results of early cystec- 
tomy for patients with primary CIS. Although the disease-specific 
survival (DSS) rates in these series are generally excellent (rang- 
ing from 85-91%), the rate of overtreatment with early cystectomy 
is substantial (up to 50% of patients).°°°! On the other hand, the 
window of opportunity to optimally treat these patients with high- 
risk NMIBC must be taken into account. In a retrospective analysis, 
the disease-specific survival proved to be significantly poorer for 
patients with progressive MIBC (five years DSS 28%) versus patients 
with primary MIBC (five years DSS 55%).°? A possible explan- 
ation for this worse outcome of patients with progressive MIBC 
may be found that in high-risk NMIBC tumour biology consists 
of therapy-sensitive cells and therapy-insensitive cells. Intravesical 
instillations may lead to selection of resistant cell-lines and a more 
aggressive tumour biology that subsequently progresses to invasive 
disease.** For high-grade T1 disease, early radical cystectomy may 
be considered for selected high-risk patients (e.g. young patients 
with multifocal disease, concomitant CIS, and tumour in the pros- 
tatic urethra, micropapillary UC).!? 


Adjuvant treatment 


In contrast to low-grade Ta bladder tumours, the instillation 
mitomycin-C (MMC) is insufficient for HG-NMIBC. For patients 
with HG-NMIBC, evidence suggests the best bladder sparing 
approach is intravesical BCG immunotherapy. This may be admin- 
istered as a single course (Induction regimen: six weekly doses) or 
as a maintenance regimen over three years (with repeated intra- 
vesical inoculations).° The response to BCG treatment should be 
assessed three months after the first instillation. The classic BCG 
maintenance (so-called SWOG regimen) schedule consists of an 
induction period with six weekly instillations, followed by the 
maintenance period with three weekly instillations at months 3, 6, 
12, 18, 24, 30, and 36 (ie. 27 BCG instillations in three years). In 
cases of no response to BCG (persisting HG-NMIBC), another six 
weekly course of BCG induction may be considered or the patient 
may be eligible for cystectomy. 

The choice between adjuvant intravesical treatment, namely, 
chemotherapy or BCG immunotherapy, depends on the risk that 
needs to be reduced: recurrence or progression. Several meta- 
analyses have shown that adjuvant intravesical treatment (chemo- 
therapy or BCG) reduces NMIBC recurrence.®? BCG is more 
effective but also more toxic. Furthermore, BCG in a mainten- 
ance schedule, but not intravesical chemotherapy, also reduces the 
risk of progression.® However, a meta-analysis restricted to BCG 
induction (6-weekly instillations) only versus maintenance BCG 
(1-3 years) treatment has not been done, and follow-up in the 
largest meta-analysis was short (2.5 years).® In the trials directly 
comparing maintenance BCG with induction BCG alone, progres- 
sion was found in 30% of the patients who received maintenance 
as compared to 33% in the induction group.” In addition, a recent 
study has shown that T1 HG-NMIBC treated conservatively with 
BCG progressed to muscle invasion in 30% of cases and that one- 
third of progressive events occurred after three years of follow-up.*4 
Treatment with BCG is currently considered to be the first-line 
approach for HG-NMIBC. It is a major concern that despite grade 
A recommendations in the guidelines, Surveillance Epidemiology 
and End Results data on 685 primary NMIBC patients indicated 
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that such intravesical therapy was used in only 31% of patients in 
academic institutions.®°>° In a subset of 350 high-risk NMIBC 
patients, only 42% received intravesical therapy, suggesting signifi- 
cant undertreatment.*° 

BCG failure is defined as the presence of HG-NMIBC after three 
to six months of BCG treatment, upstaging of disease (Ta to T1) 
under BCG treatment, appearance of CIS during BCG treatment 
and progression to MIBC despite BCG treatment.! BCG failure 
may be subdivided into BCG intolerant disease (i.e. recurrence 
of disease due to inadequate treatment because of symptomatic 
intolerance or adverse events), BCG refractory disease (i.e. failure to 
achieve disease-free status by six months after BCG induction and 
maintenance or after re-induction at three months; non-improving 
or worsening disease despite BCG) and BCG resistant disease (i.e. 
recurrence or persistent disease after initial induction and disease- 
free status six months after repeat TUR-BT and retreatment).5”° 
There have been reports on additional conservative treatment after 
BCG failure (e.g. hyperthermia and MMC; photodynamic therapy; 
BCG plus interferon alpha), but the results are still investigational. 
Therefore, a cystectomy is generally recommended for patients 
with BCG failure.® 


Follow-up 


Follow-up protocol 


Follow-up of patients with HG-NMIBC consists primarily of regu- 
lar cystoscopy and urinary cytology every three months for the 
first two years. In year three, these investigations should be per- 
formed every 4 months, the six monthly until year 5 and annu- 
ally thereafter.6 Most guidelines recommend lifelong follow-up of 
patients with HG-NMIBC. A recent study has shown that, despite 
a recurrence-free period of five years after BCG treatment, recur- 
rence, and especially progression outside of the bladder still occur, 
thus concluding that the follow-up of HG-NMIBC should indeed 
continue for at least 10-15 years.°? Furthermore, during follow-up 
imaging of the upper urinary tract is recommended every year.° At 
present, urinary markers other than cytology, are not incorporated 
into the standard follow-up schedule for HG-NMIBC. 


Bacillus Calmette—Guérin toxicity 


Intravesical BCG treatment is associated with more toxicity than 
intravesical chemotherapy. In a large trials, 75.2% of patients 
experience local side effects (cystitis, haematuria, frequency) and 
39.4% of patients had systemic side effects (fever, general malaise), 
resulting in a discontinuation of treatment in 20.3% of patients. In 
most patients who discontinued BCG treatment because of toxicity, 
this was during the first six months of treatment. While local side 
effects (cystitis, haematuria, and frequency) were encountered dur- 
ing the entire treatment period, while the systemic side effects were 
seen more frequently in the first six months. Thus suggesting that 
systemic side effects depend more on the patient than on the num- 
ber of instillations. Furthermore, the hypothesis that BCG induced 
side effects increase with time during maintenance treatment does 
not appear to be true. 

Severe complications (BCG sepsis, pneumonitis, osteomyelitis, 
tuberculosis) are rare. Nevertheless, such severe complications 
may occur after systemic absorption of BCG. For this reason, BCG 
treatment is contraindicated in patients with haematuria, after 
traumatic catheterization, and within two weeks after TUR-BT.® 
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Such systemic side effects may require treatment with prednisolone 
and tuberculostatic drugs. 


Conclusions 


The term HG-NMIBC includes NMI bladder cancers with a high 
risk of recurrence and progression to muscle-invasive disease 
(MIBC). These represent aggressive cancers that are typically locally 
confined to the bladder. As such, patients with these cancers require 
close surveillance and treatment to reduce the risk of progression 
to muscle invasion. Currently, intravesical BCG (maintenance regi- 
men) is the most popular treatment for HG-NMIBC. Primary rad- 
ical cystectomy should be offered to patients whose tumours are at 
high risk of progression or those who have a good performance sta- 
tus (such a young age or very fit) and so may subsequently fail BCG. 
However, cystectomy represents over treatment for many patients 
with HG-NMIBC. Follow-up of HG-NMIBC should continue for 
at least 10-15 years, consisting primarily of cystoscopy and urinary 
cytology, and intermittent imaging of the upper urinary tract. 
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CHAPTER 6.21 


Muscle-invasive bladder cancer 


Pascal Zehnder and George N. Thalmann 


Introduction to muscle-invasive 
bladder cancer 


In the United States, approximately 65,000 individuals (male to 
female ratio 3:1) are diagnosed with bladder cancer each year.! Of 
those, twenty to 40% have muscle-invasive disease requiring radical 
surgery. Overall, more than 13,000 patients in the USA die of the 
disease annually, making it the ninth most common cause of cancer 
deaths in males. Similarly, bladder cancer represented the eighth 
most common cause of cancer-specific death in Europe in 2008.7 
Focusing on the United Kingdom, more than 10,000 people are 
yearly diagnosed with bladder cancer and more than 4,000 die of 
it every year, accounting for 1 in 30 cancer deaths.? Bladder cancer 
typically affects individuals around their seventies. Although the 
disease potentially affects people at any age, the incidence progres- 
sively increases with age. 

The high incidence and need for surveillance makes bladder 
cancer one of the most expensive to manage. While the initial 
diagnosis and staging work-up are performed by the majority of 
urologists, patients are usually referred to centres of expertise when 
it comes to radical surgery, the mainstay of therapy for patients 
with non-metastatic muscle-invasive bladder cancer. Evidence sug- 
gests better outcomes for patients undergoing radical cystectomy in 
high-volume units. 


Pathologic subgroups 


Urothelial cell cancer 


The majority of bladder tumours are urothelial cell cancer (UCC: 
around 90%) in subtype. These can be classified according to 
tumour growth pattern (e.g. sessile, papillary, nodular, infiltrating, 
flat, and mixed). About one-fifth of UCC consist of mixed architec- 
tural elements. In this chapter we focus upon those that are invad- 
ing the bladder wall (detrusor muscle/muscularis propria). Around 
one-third of new UCC are muscle-invasive at presentation. Of the 
remainder, up to half are high-grade and 25% of these may progress 
to invasion with time.* 


Non-urothelial cell cancer 


The remaining 5-10% of bladder tumours are non-UCC in cell 
type. Most of these are aggressive tumours that are invasive at pres- 
entation or have a very high risk of progression.” As such, most 
are treated as invasive tumours. Given the rarity of these cancers, 
there is a lack of evidence about their best treatment regimens. 
Most clinicians extrapolate care from UCC pathways and histologi- 
cally similar tumours in other organs (e.g. squamous lung cancer, 


rectal adenocarcinoma). Squamous cell carcinomas reflect 2-3% of 
all bladder cancer worldwide and up to 75% in areas with endemic 
Schistosoma haematobium (e.g. Egypt). The peak of bilharzial can- 
cers is 10 to 20 years earlier than the classic urothelial carcinoma 
and the rate of lymph node involvement or distant metastases is low. 
Adenocarcinomas represent less than 2% of bladder cancers. These 
are categorized into three groups: arising in the bladder urothelium 
(often around the trigone); in the urachus (at the dome: have a worse 
outcome than trigonal tumours); and secondary adenocarcinoma 
invading the bladder (often prostate or colorectal). Primary adeno- 
carcinoma may occur in patients with former extrophic bladders, 
typically after a long latency and despite early surgical correction. 
Primary tumours of the stomach, intestinal tract, endometrium, 
breast, ovary, and prostate potentially metastasize to the urinary 
bladder. Small cell carcinoma is an aggressive tumour derived from 
neuroendocrine stem cells and requires cisplatin-based chemo- 
therapy before radical surgery/radiotherapy. Despite a combined 
radical approach, prognosis remains poor. The majority of patients 
harbour lymph node metastases, although long-term disease-free 
survival is possible for patients with organ-confined tumours. 
Carcinosarcoma are very aggressive but rare tumours containing 
malignant mesenchymal and epithelial tissues. 


Metastatic carcinoma 


Basically any tumour can metastasize into the bladder with a cer- 
tain predominance of primary tumours from prostate, uterus, ova- 
ries, intestinal tract, lung, breast, kidney, and stomach. 


TNM classification and tumour grading 


Bladder cancer is classified according to 7th edition of the 
American Joint Cancer Committee (AJCC) staging manual apply- 
ing the TNM criteria.° The clinical staging describes the extent 
of disease before any treatment and uses the prefix ‘c, using 
clinical examination, cystoscopy, plus biopsy and imaging stud- 
ies. Pathological staging describes the extent of disease through 
completion of definitive surgery and uses the prefix ‘p. It bases on 
the pathologic analysis of the cystectomy and lymphadenectomy 
specimens as well as imaging studies. Since tumour staging follow- 
ing transurethral bladder tumour biopsy and/or resection is het- 
erogeneously reported either as cT- or pT-stage this is potentially 
misleading. Staging of surgical specimens following neoadjuvant 
treatments is further specified with the prefix ‘yp. Currently, both 
the 1973 and the 2004 World Health Organization (WHO) grading 
classifications are used, since many published studies were based 
on the old WHO grading system. 


Staging requirements and modalities 


The staging of bladder cancer requires a multimodal approach. 
The clinician should evaluate the primary lesion by inspection 
(at cystoscopy and transurethral resection of a bladder tumour 
(TURBT)) and palpation (under anaesthesia), and the patholo- 
gist evaluate the specimen for grade, histological subtype, and 
depth of invasion. High-grade and invasive lesions require sta- 
ging for depth of invasion and metastatic spread to the abdominal/ 
pelvic nodes, liver, and the chest. Uncommon site of metastases 
should be screened in symptomatic patients (e.g. brain and bone). 
Synchronous tumours in the upper urinary tract need excluding. 
Finally, shared etiologies exist with lung and other cancers (smok- 
ing). As such, imaging for these should be performed in patients 
undergoing major surgery. 


Transurethral resection of bladder tumour (TURBT) 


Every urologist should be aware that TURBT is a critical oncologic 
procedure. Immediately after visual tumour detection, the sur- 
geon has to decide regarding the procedural strategy (Fig. 6.21.1). 
In case of a suspected non-muscle invasive tumour, the goal will 
be to entirely resect the lesion along with underlying bladder mus- 
cle and herewith cure the patient. If the macroscopic appearance 
suggests muscle-invasive growth the procedural objectives include 
the performance of a representative biopsy along with underly- 
ing bladder muscle to determine both tumour entity and muscle 
invasion (Fig. 6.21.2). Attempts to completely remove the tumour/ 
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Fig. 6.21.1 Decision-making for transurethral resection of a bladder tumour 
(TURBT). 
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tumours in potential cystectomy candidates bear the unnecessary 
risk of bladder perforation and high-pressure resection with vas- 
cular tumour cell emboli/extravasation. Tumour localization in 
relation to the bladder neck and prostatic urethra is an important 
issue in view of performing nerve-sparing surgery and choice of 
urinary diversion. Hence, cold cup biopsies at the bladder neck 
(females) and within the prostatic urethra at the colliculus (males) 
are required in patients who may qualify for an orthotopic bladder 
substitute. 

Invasive tumours surrounding or completely covering the ureteric 
orifices require an identical approach. In case of post interventional 
ureteric obstruction or the need for optimizing kidney function, 
the collecting system can be decompressed with the placement of 
a nephrostomy tube. Solid tumours within bladder diverticula are 
considered cT4 lesions. In these cases, the risk of bladder perfor- 
ation in the frame of TURBT is substantially increased, and there- 
fore these patients primarily undergo radical cystectomy. 


Bimanual examination 


Bimanual examination helps to judge whether locally advanced 
tumours with suspected extravesical growth are surgically remov- 
able or not. Optimally, the exam is performed under anaesthesia to 
allow a relaxed abdominal wall and pelvic floor, enabling a conclu- 
sive deep palpation. 


Computed tomography scan 


Ideally, any imaging study should be performed prior to TURBT, 
because it can be difficult to distinguish post-resection altera- 
tions from tumour infiltration. Urologists should consider cross 
sectional imaging for either all new tumours or those that appear 
invasive on flexible cystoscopy. Overall, staging accuracy by com- 
puted tomography (CT) scan ranges from 58% to 80%.” The lim- 
ited accuracy originates from the CT technology that identifies 
pathology based on the size of a structure or process. Hence, only 
gross extravesical tumour manifestation and enlarged lymph nodes 
(>1 cm) are detectable. The fact that following radical cystectomy 
about 25% of clinically cNOMO patients were found to have pre- 
viously undetected lymph node metastases? clearly underlines the 
limitations of our current imaging armamentarium for staging. 
Many workers advocate CT chest as well, to fully stage the bladder 
tumour. This may detect metastases to the lung and primary bron- 
chogenic tumours arising in smokers. Alternatives include a chest 
X-ray or PET scan (see below). 


Magnetic resonance imaging 


Magnetic resonance imaging (MRI) offers better soft tissue reso- 
lution than CT and is currently a modality often used for the evalu- 
ation of bladder cancers involving adjacent pelvic organs or for 
high-grade non-invasive lesions. Diffusion-weighted MRI seems 
to offer a better differentiation of non-muscle-invasive versus mus- 
cle-invasive bladder cancer.? The accuracy levels of MRI and CT 
in non-organ-confined bladder cancer staging are similar’ (Fig. 
6.21.3), although recent reports suggest metallic contrast agents 
may be used to improve the performance of MRI.!° 


Nuclear imaging 


A bone scan is mandatory to accurately stage patients with 
boney symptoms and bladder cancer. The detection rate is low in 


645 


646 SECTION6G ONCOLOGY 


Papillary bladder tumour 


Solid bladder tumour 


Entire tumour resection including 
underlying muscle fibres 


Fig. 6.21.2 TURBT resection strategies. 
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Fig. 6.21.3 Staging computed tomography (CT) and magnetic resonance imaging (MRI). 


asymptomatic patients, and so usage should be by local protocols 
or agreements. Several workers are evaluating FDG-PET staging of 
bladder cancer prior to cystectomy.!! This modality has a moder- 
ate specificity and sensitivity for metastases, and may detect lesions 


missed by cross sectional imaging. However, non-metastatic lesions 
may also appear active, leading to delays in definitive surgery, and 
most FDG-PET positive lesions are apparent on cross sectional 
imaging. 


Treatment for muscle-invasive 
bladder cancer 


Maximal transurethral resection of a bladder tumour 


Attempts have been made to treat patients suffering from muscle- 
invasive bladder cancer with TURBT alone. It has been shown that 
radical TURBT can be a successful therapeutic strategy in selected 
patients with initially small (<2-3 cm) muscle-invasive blad- 
der cancers who have no residual tumour on a second resection 
of the primary tumour site.!? However, recurrence and progres- 
sion rates in some consecutive series were substantial. Therefore, 
maximal and repeated TURBT eventually combined with intra- 
vesical Bacillus Calmette-—Guérin instillation is limited to (solitary) 
pT1G3 tumours and patients refusing or unfit to undergo radical 
cystectomy. 


Chemotherapy 


Considering the underlying substantial staging error, chemother- 
apy as solitary treatment strategy does not achieve durable com- 
plete responses. On the other hand, chemotherapy may lead to 
down staging of the primary tumour. Therefore, and limited to very 
selected patients, an organ preserving strategy including TURBT 
and systemic cisplatin-based chemotherapy may allow for survival 
with the native bladder.!? However, this is not standard treatment. 


External beam radiotherapy 


Similarly to chemotherapy, external beam radiotherapy (EBRT) and 
more recently intensity modulated radiotherapy!4 as monothera- 
pies or combined with brachytherapy!> consecutively to TURBT 
represent only an option in highly selected patients; for example, 
individuals unfit for radical surgery, those with unifocal disease and 
no carcinoma in situ (CIS), those with few urinary symptoms and 
good bladder function.!° Besides the aim of local control, EBRT 
sometimes temporarily stops bleeding in patients where hemostasis 
cannot be achieved by transurethral intervention. 


Multimodality approach 


In contrast to the previously mentioned mono- or combined thera- 
pies, all three treatment modalities are combined in the multi- 
modality bladder preserving approach. It is crucial to understand 
that a multimodality approach is only suitable for highly selected 
patients. This includes individuals with a solitary tumour <5 cm, a 
low organ-confined tumour stage, a complete TURBT with a nega- 
tive second TURBT, no signs of ureteric obstruction, and no evi- 
dence of metastases to pelvic lymph nodes. Of all these variables, 
the completeness of TURBT was identified to be the most import- 
ant prognostic factor for overall survival.!” Patients with multifocal 
tumours and concomitant carcinoma in situ, which is not radio- 
nor chemosensitive, are at increased risk of recurrent or de novo 
tumour development despite primarily complete response. 
Typically, the radiation dose to the bladder is 55 Gy to 70 Gy, with 
an additional 45 Gy to 50 Gy for the pelvic lymph nodes. Various 
fractionation regimes and doses such as hyper-fractionation, dose 
escalation, or accelerated radiation therapy are applied with the 
aim to overcome radio-resistance. Radiotherapy is combined with 
chemotherapy according to an induction/neoadjuvant, concurrent, 
or adjuvant concept. The cytotoxic agents are thought to sensi- 
tize tumour cells to radiation and to inhibit repopulation during 
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radiotherapy. This combination aims at improving local control. 
In addition, systemic cytotoxic treatment is required to eradicate 
eventual occult distant micrometastases. Yet, the optimal cytotoxic 
regimen and combination with radiotherapy has to be established. 
Single chemotherapeutic agents used are cisplatin, gemcitabine, 
and taxanes. Alternatively, combinations such as methotrexate, 
cisplatin, and vinblastine are applied.!*!° A typical trimodality 
treatment starts with a thorough, if possible complete TURBT, fol- 
lowed by an induction radio-chemotherapy. Four to six weeks after 
completion response to this treatment is evaluated by a restaging 
TURBT. While complete responders proceed to consolidation ther- 
apy, patients with residual muscle-invasive tumour will undergo 
salvage cystectomy. Approximately 20% to 30% of patients will pre- 
sent with residual tumour at restaging TURBT and another 20% 
to 30% with initial complete response will develop recurrent or de 
novo muscle-invasive or non-muscle-invasive tumours in the urin- 
ary bladder.”° 

With regard to radiation induced side effects, gastrointestinal or 
urogenital problems are frequent. About 1.5% of patients experi- 
ence late gastrointestinal toxicity in terms of bowel obstruction 
requiring surgical therapy. At least 10% of patients complain of 
increased voiding frequency or urinary incontinence. Finally, about 
two percent of patients require a cystectomy in the course due to 
a low capacity shrunken bladder.!” Therefore, multimodal organ 
preserving therapy of muscle-invasive bladder cancer should be 
considered only in select cases. 


Radical cystectomy 


For muscle-invasive bladder cancer, radical cystectomy with bilat- 
eral extended lymph node dissection represents the mainstay of 
therapy and offers cure to a substantial number of patients. The 
surgical principles were first described in 1950?! and 1956.?? While 
initially perioperative mortality was high (5-10%), radical cystec- 
tomy has become refined and is now the standard treatment for 
this disease (1-2% 90-day mortality rate in experienced centres). 
While the default approach for this procedure is still through an 
open incision, advances in laparoscopy and namely in robotic sur- 
gery have made these routes a potential option in select cases.247° 


Pelvic lymph node dissection 


Pelvic lymph node dissection is an integral part of the cystectomy 
procedure, as the critical axiom in oncologic surgery requires both 
the removal of the primary tumour and the primary echelon of 
lymphatic drainage. The urinary bladder has a complex lymphatic 
draining system recently demonstrated with a Technetium-based 
mapping study showing a median of 24 primary lymphatic landing 
sites per bladder.” Only 8-10% of primary lymphatic landing sites 
were found to be located above the mid-upper third of the com- 
mon iliac vessels. In concordance with previous pathologic map- 
ping studies, no so-called solitary extra pelvic radioactive lymph 
nodes (skip lesions) were detected. 

Currently, there are two ongoing prospective randomized tri- 
als investigating the impact of the extent of lymph node dissection 
using different templates on oncologic outcome. At present, how- 
ever, the evidence is based on observational studies such as the two 
consecutive retrospective interinstitutional template comparisons 
analysing patient outcome in relation to the extent of lymph node 
dissection at three high volume cystectomy centres.?”?8 Compared 
to the limited template, lymph node dissection up to the mid-upper 
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Limited PLND 


Extended PLND 


Super extended PLND 


Fig. 6.21.4 Illustration of the three applied and debated pelvic lymph node dissection (PLND) templates. According to the currently available evidence, an extended 
PLND should respect the following boundaries of dissection and be regarded as the standard template: The genitofemoral nerve and the pelvic side wall laterally, 


the circumflex iliac vein and Cloquet’s node distally, the obturator fossa with full exposure of the intrapelvic course of the obturator nerve (Triangle of Marcille) 
posterolaterally and the internal iliac vessels posteriorly including the tissue medial to these vessels. The template proximally ends at the mid-upper-third of the common 


iliac vessels. 


Reprinted from The Journal of Urology, Volume 186, Issue 4, Pascal Zehnder et al, Super Extended Versus Extended Pelvic Lymph Node Dissection in Patients Undergoing Radical Cystectomy 


for Bladder Cancer: A Comparative Study, pp. 1261-1268, Copyright © 2011 American Urological Association Education and Research, Inc. Published by Elsevier Inc. All rights reserved, with 


permission from Elsevier, http://www.sciencedirect.com/science/journal/00225347 


third of the common iliac vessels removed significantly more posi- 
tive lymph nodes and finally provided better outcomes. The further 
comparison with a super-extended template up to the inferior mes- 
enteric artery did not confer an additional outcome benefit but bears 
the risk of harm to the autonomic nerves that may have a role in sex- 
ual and pelvic floor function postoperatively. Therefore, any radical 
cystectomy should be accompanied by a meticulous extended pelvic 
lymph node dissection up to the mid-upper third of the common 
iliac vessels (Fig. 6.21.4). From a practical stand point, perform- 
ing pelvic lymph node dissection before cystectomy allows to have 
a better visualization with identification of the relevant structures, 
hence facilitating the transection of the vascular pedicles. 


Male cystectomy 


With the patient placed in the supine position including a 
Trendelenburg tilt, access to the peritoneal cavity is achieved via 
infraumbilical laparotomy. The urachal remnant/ ligaments are dis- 
sected off the umbilicus in such a way that a triangular peritoneal 
flap can be dissected towards the urinary bladder. Now, the space 
of Retzius is opened behind the pubic bone. Cranio-laterally, both 
vas deferens are identified and ligated near the internal inguinal 
ring. The dorsal peritoneum is bilaterally incised along the exter- 
nal iliac vessels and over the ureters. Cecum and sigmoid colon are 
detached from the lateral abdominal wall allowing for an increased 
working space. This is the moment where the extended meticu- 
lous pelvic lymph node dissection is performed. Consecutively, the 
skeletonized dorso-lateral bladder pedicles (superior/inferior vesi- 
cal vessels and prostatic branches) are divided and ligated. At their 
entrance into the urinary bladder, the ureters are dissected, divided, 
and ligated. On both sides, a ureteral segment of 5 mm is sent for 
frozen section analysis. The peritoneum in the Douglas’ space is 
incised at the level of the seminal vesicles and the virtual space 
between bladder/seminal vesicles/prostate and rectum is opened 


mainly by blunt dissection. This exposes the dorsomedial bladder 
pedicles which are divided step-wise between clamps. The proced- 
ure continues ventrally by opening the endopelvic fascia on either 
side of the prostate and sliding off the levator muscle fibres. With 
the help of a bent Babcock clamp Santorini’s plexus is bunched, 
ligated, and transected. The prostate is dissected by sharp prepar- 
ation along its ventral aspect towards the apex. Dissection from the 
side offers a better exposure of the usually donut-like organ curva- 
ture at the apex. Once the ventral urethral wall is transected, the 
Foley catheter is retracted followed by the transection of the poster- 
ior urethral wall distally to the verumontanum. The fused layers of 
Denovilliers fascia are dissected sharply and thus the entire passage 
between the rectum and the prostate from the former peritoneal 
reflection is opened. The remaining dorso-lateral prostatic pedicles 
are divided and ligated in a retrograde manner and the specimen 
sent for analysis. Hemostasis is achieved with an additional suture 
ligation at Santorini’s plexus and if required along the remaining 
neurovascular structures. 


Male nerve-sparing 


This requires a modification at two stages, if the extent of can- 
cer allows such an approach. First, transection of the dorsome- 
dial pedicles has to be performed close to the posterior bladder 
wall and immediately on and lateral to the seminal vesicles. Using 
an Overholt clamp (bent) for this step facilitates direct dissec- 
tion towards the bladder neck, along and not across the course 
of the pelvic plexus (Fig. 6.21.5). Electrocautery and other energy 
sources should be avoided at this stage. Second, following the 
bilateral opening of the endopelvic fascia, the periprostatic fascia 
is incised which allows to gently dissect the neurovascular bundles 
off the entire lateral aspect of the prostate. Importantly, too much 
exposure of the urethral stump, especially the lateral aspect has to 
be avoided. 
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Fig. 6.21.5 Male nerve-sparing. Transection of the right dorsomedial bladder pedicle with the Kelly clamp close to the bladder wall towards the bladder neck (white 
arrow) instead of straight towards the pelvic floor (yellow arrow) allows for pelvic plexus preservation. Consecutively, the periprostatic fascia is incised allowing to dissect 


the neurovascular bundles* off the lateral aspect of the prostate (dotted yellow line): 
1. Right external iliac vessels 

2. Urinary bladder, right side wall 

3. Right lateral aspect of the prostate 

4. Right pelvic plexus 

5. Pubic bone 

6. Kelly clamp 


Urethrectomy 


Urethrectomy is indicated in patients with tumours involving 
the bladder neck in women or the prostatic urethra in men. In 
order to avoid a prolonged procedure, it may be safe to defer 
urethrectomy (e.g. by three months) rather than perform at the 
same time as cystectomy.?? This requires the most distal tran- 
section of the proximal urethra during radical cystectomy. With 
the patient in a lithotomy position for the second stage, wide 
access to the perineum is gained with a U-shaped incision. 
Importantly, the cutaneous flap is mobilized with the entire sub- 
cutaneous tissue to avoid necrosis. Following a midline incision 
of the bulbocavernous muscle, the corpus spongiosum/urethra 
is now sharply dissected off the cavernosal bodies. Towards the 
glans penis, traction on the urethra inverts the penis, allow- 
ing urethral mobilization up to the coronal sulcus. The exter- 
nal urethral meatus is circumferentially incised deeply into the 
glans where the incision meets the previous dissection plane at 
the level of the coronal sulcus. With the entire penile urethra 
mobilized, the defect at the glans penis is closed with a few inter- 
rupted sutures. Once the bulbar arteries are ligated, the dissec- 
tion is further deployed towards the symphysis and finally ends 
with the removal of the proximal urethra. While this approach 
is through a subscrotal incision, an alternative is through a pre- 
pubic approach through the same incision as the cystectomy.*” 
This spares morbidity, is easier at the same time as the cystec- 
tomy, but has poor access to the urethrorectal junction. 


Female cystectomy 


The approach and pelvic exposure in females is similar to the pre- 
viously described procedure in males. Anterior pelvic exenteration, 
to include the bladder, urethra, ovaries, uterus, fallopian tubes, and 
anterior vaginal wall, is considered the default procedure. This may 
be modified in carefully selected (e.g. younger) patients who wish 


to remain sexually active, to keep their ovaries, or who chose ortho- 
topic bladder reconstruction. Extended pelvic lymph node dissec- 
tion, division and transection of the dorso-lateral blood supply as 
well as dissection of both ureters is performed exactly the way it is 
done in males. 


Cystohysterectomy 


When the tumour is in the region of the bladder floor or dor- 
sal wall then cysto-hysterectomy is warranted. Using a uterine 
clamp, gentle traction exposes the peritoneal reflection between 
the posterior wall of the uterus/vagina and the anterior rectal 
surface. Following the incision at the peritoneal reflection blunt 
dissection in the midline displays the vaginal vault. The dor- 
somedial bladder pedicles are dissected bilaterally to the para- 
rectal region, at least 8 mm away from the bladder wall. With 
the uterus anteverted, full-thickness transverse incision of the 
vaginal dome, posterior to the cervix, and consecutive resec- 
tion of the anterior vaginal wall is performed. Pulling on the 
Foley catheter back through the open vagina helps to identify 
the external urethral orifice, which then can be circumferentially 
excised. Bleeding from the clitoral plexus needs to be antici- 
pated. The vaginal closure is obtained with an inverted running 
suture where the remaining most cranial posterior vaginal wall 
is brought to the remaining anterior vaginal wall and each side 
of the now V-shaped vaginal opening is sutured. Finally, a vas- 
cularized peritoneal flap is pulled over the suture line to prevent 
fistula formation. 


Nerve-sparing female cystectomy 


In case the bladder tumour is located anteriorly then nerve-spar- 
ing (+/— uterus preserving) cystectomy is feasible. To preserve 
the uterus and eventually the anterior vaginal wall, a transverse 
peritoneal incision is performed along the anterior surface of the 
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uterus. Herewith, the avascular plane along the ventral uterine 
surface can be deployed until one identifies the vaginal wall as 
a white structure. In order to preserve laterally the paravaginal 
nerve fibres that innervate the urethra, the dissection runs close 
to the posterior bladder wall along the antero-lateral paravaginal 
plane, no further dorsal than the 2 or 10 oclock position. The dor- 
somedial bladder pedicles are step-wise transected until finally 
the bladder neck is reached. Ideally, cold-cupping and ligatures 
are used to prevent potential thermal damage to the neurovascu- 
lar structures. According to the oncologic principles, the anterior 
vaginal wall is in general resected during radical female cystec- 
tomy. However, it may be preserved partially or completely in 
patients with strict anterior tumour location. The vaginal wall—if 
necessary—is incised at the level of the cervix and resected en 
block with the bladder. Transection of the urethra takes place 
immediately distal to the bladder neck (Fig. 6.21.6). Further distal 
urethral mobilization and exposure must be avoided in order not 
to harm the nerves. The vaginal closure is obtained and a vascu- 
larized peritoneal flap pulled over the suture line to prevent fistula 
formation. 


Individualized cystectomy 


Nowadays, radical surgery has two goals to achieve: First, complete 
removal of the urinary bladder with the tumour and with nega- 
tive surgical margins including the resection of all potential pri- 
mary lymphatic landing sites; second to preserve as much pelvic 
functionality as possible in order to maintain postoperative quality 
of life and body image. This can be summarized as individualized 
cystectomy. As there is no place for compromise from an oncologic 


Intraoperative view 


standpoint preoperative planning has to include the evaluation of 
the possibility of nerve-sparing and the form of urinary diversion 
as these are closely related and responsible for functional outcome. 


Reconstruction—urinary diversions 


Over time, urinary diversion has evolved from a simple diversion 
to protect the upper urinary tract to maximal functional and ana- 
tomic restoration with preservation of the patient’s body image. 
Today, orthotopic reconstruction is the preferred choice of diver- 
sion at high volume cystectomy centres. Nevertheless, the most fre- 
quently performed urinary diversion worldwide remains the ileal 
conduit, first described in 1950 by Bricker.#! According to a recent 
consensus conference our patient counselling on urinary diversion 
should be based on the following aspects: The safest method for 
cancer control with the fewest short and long-term complications, 
providing the easiest adjustment for patient's lifestyle and thereby 
supporting the best quality of life.3? 


Ileal conduit 


Prior to surgery, the localization of the future cutaneous nipple 
requires careful assessment. Ideally, stoma position is tested in 
different positions in order to avoid loosening of the stoma plate 
or disturbance by skin folds. The impact of co-morbidities and 
manual dexterity needs to be taken into consideration as well. 
Intraoperatively, approximately 25 cm oral to the ileocecal valve a 
15-20 cm long ileal segment is isolated and the proximal end closed 
with a seromuscular running suture. Usually, the stoma is situated 
below and to the right of the umbilicus. Therefore, the left ureter is 
passed over the aorta to the right paracaval area above the offspring 


Schematic view 


Fig. 6.21.6 Female nerve-sparing. Intraoperative situs following left-sided nerve-sparing. The anterior vaginal wall is resected including the majority of the right lateral 


vaginal wall and right pelvic plexus: 

External iliac vessels 

osterior vaginal wall with intravaginal dressing forceps* 

reserved pelvic plexus right side with a more substantially remaining lateral vaginal wall 
Anterior rectal wall, covered with peritoneum 

Urethral stump 

Transected Foley catheter 

ight obturator nerve 
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Levator muscle fibres/pelvic floor 


of the inferior mesenteric artery in order to avoid a nutcracker 
phenomenon. Following spatulation over 1.5 cm, both ureters are 
implanted into the proximal part of the ileal segment applying 
the Nesbit technique.*? The anastomoses should be stented with 
ureteral catheters at least over five days. It is important that the tun- 
nel for the ileum conduit passes through the rectus muscle to avoid 
herniation and stomal problems. Then the ileal conduit nipple is 
confected. 


Complications 

Peristomal skin lesions are common and can be managed with local 
treatment. Parastomal hernias occur in 10-15% and recurrence fol- 
lowing repair is common. Alternatively, the cutaneous nipple can 
be repositioned to the contra lateral side or mesh material used to 
reinforce a weak fascia. Regarding the upper urinary tract, one-third 
of patients have radiographic or functional deterioration at five 
years increasing to 50% at 15 years.*4 Loss of glomerular filtration 
rate is mostly due to reflux, obstruction, or chronic infection. Stone 
development occurs in approximately 10% of patients.’ Although 
the ileal conduit diversion is the most commonly performed urinary 
diversion, the rate of early and late complications is considerable. 
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Orthotopic bladder substitutes 


The most common form of neobladder performed is the ileal res- 
ervoir. There exist differing techniques such as the W-shaped 
reservoir,’ the Kock pouch,*® or the ileal reservoir described by 
Studer using an afferent limb.*” We describe the construction of 
an orthotopic bladder substitute according to Studer: approxi- 
mately 25 cm oral to the ileocecal valve a 54-cm long ileal segment 
is isolated (Fig. 6.21.7). After restoration of bowel continuity, both 
ends of the isolated segment are closed with a seromuscular run- 
ning suture. The distal 40 cm of the ileal segment are opened on the 
antimesenteric border leaving a 14 cm intact afferent ileal segment. 
Detubularization is important to decrease muscular contractions of 
the intestine. Both spatulated ureters are anastomosed to the prox- 
imal end of the afferent tubular limb applying the Nesbit technique. 
Now, the two medial ileal edges of the detubularized U-shaped ileal 
segment are approximated with a seromuscular running suture 
(Fig. 6.21.7B). The bottom of the U folded over results in a spherical 
reservoir (Fig. 6.21.7C). The neobladder is anastomosed at the most 
caudal part of the reservoir (Fig. 6.21.7D) to the urethral stump 
using six interrupted stitches. The reservoir is drained with both a 
Foley and suprapubic catheter and finally completely closed. 


Fig. 6.21.7 Orthotopic bladder substitute. (A) Isolation of a 54 cm ileal segment with the help of the translumination technique; (B) U-shaped folding of the 
antimesenteric opened ileum. Running suture to close the posterior wall of the reservoir; (C) cross-folding with creation of the spherical reservoir; and (D) creation of the 
anastomotic opening at the most caudal part and not at the funnel shaped end of the suture line. 
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Complications 

During the first months after Foley removal, patients are at 
increased risk of metabolic acidosis as the H+ ions in the urine are 
being reabsorbed by the ileal reservoir. Furthermore, patients lose 
salt with the urine. Besides the oral substitution with sodium bicar- 
bonate, complete emptying of the bladder substitute is essential and 
requires regular controls. With high fluid intake and sodium rich 
alimentation sodium bicarbonate therapy can usually be abandoned 
with time.*® Urinary tract infection may occur in the initial post- 
operative phase and later, but the urine in the bladder substitutes 
usually becomes sterile in the course. Any proven bacterial growth 
requires antibiotic treatment because infection negatively impacts 
both continence status and voiding function.’ Few patients may 
even develop urinary retention in the frame of a urinary infection 
due to increased mucus production. The rate of uretero-intestinal 
strictures in patients with freely refluxing end-to-side anastomo- 
ses (Nesbit) is estimated around 3%. The stricture rate increases to 
13.5% if an antirefluxing nipple valve is used.*° Strictures are pre- 
dominantly due to ischaemic scarring. Particularly the left ureter, 
usually left longer because it is passed under the left colonic mesen- 
tery to the right paracaval area, is at danger. Chronic infection may 
also play a role. Endoscopic balloon dilatation and stenting may 
only be successful in short (<1.0 cm) strictures with recurrence 
rates around 50%. Open surgical reimplantation is by far more suc- 
cessful (>86%) and recommended as primarily therapeutic strategy 
in patients with long strictures.*! Rupture of a continent urinary 
diversion is a rare event with urinary retention and blunt trauma 
being the major causes.” Catheterization with pouchogram allows 
to assess the severity of the defect and guides the decision regarding 
conservative versus surgical therapy. 

Vitamin B12 deficiency in a patient with preoperatively normal 
levels can take three to five years to become manifest. Preserving 
25 cm of terminal ileum before the ileocecal valve may even pre- 
vent such a deficiency. Nevertheless, patients in whom an isolated 
ileal segment is used to confect the urinary diversion need lifelong 
vitamin B12 monitoring. 

Over time, median glomerular filtration rate values decrease 
in both patients with ileal conduits and bladder substitutes. The 
main reasons in both cohorts are due to urinary obstruction such 
as ureterointestinal stricture, stomal stenosis, nipple stricture, 
parastomal hernia, or bladder outlet obstruction. Furthermore, 
patients with diabetes or hypertension are more likely to develop 
deterioration of kidney function if they have an ileal conduit.# 
Therefore, close monitoring of the renal function is mandatory 
in all patients with an urinary diversion in order to identify cor- 
rectable causes. 


Continent catheterizable cutaneous pouch 


Bladder cancer infiltrating the prostatic urethra in males or blad- 
der neck in females is a contraindication for an orthotopic urin- 
ary diversion. In addition, patients with previous pelvic irradiation, 
major pelvic surgery, or severe underlying neurologic disorders are 
not optimal candidates either. In this case, a continent catheteriz- 
able pouch represents an attractive alternative for selected patients. 

From a surgical stand point, a bladder substitute analogous to 
an orthotopic bladder can be used or another form of diversion. 
Usually, the umbilicus is the site for the catheterizable channel. 
Alternatively, one of the lower iliac fossae may be considered. 
Various tissues can be used to create the catheterizable channel.*+ 


If available, appendix is the preferable choice. Alternatively, a Yang- 
Monti nipple is constructed with the use of a detubularized 2 cm 
small bowel segment or even a fallopian tube can be utilized. The 
nipple/channel is then placed in the trough responsible for contin- 
ence which is created on the anterior aspect of the pouch.® The 
spatulated tip of the channel is anastomosed to the mucosa accord- 
ing to Nesbit and the catheterizable channel wrapped within the 
trough by interrupted single stitches. The pouch is tacked to the 
anterior abdominal wall and the umbilicus incised in a V-shaped 
manner so that a skin flap is created. This decreases the risk of 
future cutaneous nipple strictures. 


Complications 

Channel-related complications such as stomal stenosis, false 
passage, and incontinence are most frequent.*® Despite the fact 
that up to 25% of patients may experience some sort of problems 
requiring more or less invasive treatment, postoperative patient 
satisfaction, and quality of life in general is good. However, the 
majority of patients with stomal stenosis can be treated with inci- 
sion and dilatation. False passages are mainly treated with tem- 
porarily catheter drainage alone. Reasons for channel revisions 
include recurrent scarring with inability to catheterize or persist- 
ent incontinence. 

In the rare case a patient with continent catheterizable pouch 
presents with acute urinary retention in the emergency depart- 
ment treatment consists of ultrasound guided puncture of 
the pouch with urine aspiration to decompress the system. 
Oftentimes, this already allows to pass a guidewire through the 
channel followed by catheter placement. If such an attempt is 
unsuccessful, the pouch is permanently drained with a suprapu- 
bic catheter over a few days. Thereafter, another attempt to 
catheterize the channel—e.g. with the use of a flexible uretero- 
scope—can be undertaken. 


Ureterosigmoidostomy 


This used to be a common choice for younger patients needing 
continent urinary diversion (e.g. in bladder extrophy, TB bladder). 
Preoperatively, anal continence and rectal capacity status are evalu- 
ated with an enema (‘porridge/slurry test’). 


Complications 

This type of diversion has multiple complications, but may be 
suitable for some patients. Complications include altered bowel 
function (frequency and urge incontinence), metabolic acidosis, 
ascending urinary tract infections despite antirefluxive ureteral 
implantation and tumour formation (around the anastomosis). 
Acidosis and to some extent ascending infections may be posi- 
tively influenced by regular rectal evacuation every two to three 
hours during daytime and once or twice at night. Patients with an 
ureterosigmoidostomy are at a 500 times higher risk of developing 
colonic tumours than the normal population. First described in 
1929, this specific complication is diagnosed frequently.*” Tumours 
occur with a mean lag of 21 years if surgery was before the age of 
40. This mean lag substantially decreases to eight years if surgery 
took place after the age of 40. Interestingly, the risk of tumours 
persists even in patients converted to ileal conduits shortly after 
formation of the ureterosigmoidostomy. All patients with ureter- 
osigmoidostomies require digital rectal examination, occult blood 
stool tests every 6-12 months, as well as regular colonoscopy start- 
ing five years postoperatively. 


Cutaneous ureterostomy 


Due to ureteral/stomal stenosis, this type of urinary diversion is 
warranted in patients requiring palliative urinary diversion or 
those with short bowel syndrome. Often, these individuals have a 
reduced general health status and benefit from the relatively low 
procedural morbidity of extra peritoneal preparation. Additionally, 
one regularly has to deal with patients, in whom locally advanced 
disease has completely deteriorated unilateral kidney function, 
making the intervention necessary on one side only. 


Complications 

Cutaneous stomal stenosis occurs in up to 50% of patients.** This 
may be reduced to 5% by using skin flap interposition or even 
avoided with a permanent postoperative stent placement and con- 
secutive exchanges at six-week intervals. 


Systemic chemotherapy 


Approximately 25% of patients with clinically no nodal involve- 
ment are found postoperatively to harbour lymph node metas- 
tases,4°-5! reflecting the poor accuracy of staging tools. Despite 
radical surgery, the survival of patients with muscle-invasive blad- 
der cancer is around 50% at five years.>”>3 Hence, invasive bladder 
cancer is often a systemic disease, requiring systemic chemother- 
apy. Interestingly, oncologic outcomes did not improve over the last 
three decades despite an increased use of systemic therapies.” 


Neoadjuvant chemotherapy 


Neoadjuvant chemotherapy is better tolerated than adjuvant ther- 
apy because patients do not have to recover from surgery. Therefore, 
it is easier to assess neoadjuvant regimens in randomized trials, for 
this reason (better compliance). The quality of evidence reflects 
this, showing a benefit for neoadjuvant chemotherapy that is greater 
than for adjuvant therapy. With neoadjuvant treatment, success 
(tumour regression and down staging) can be assessed prior to 
surgery using CT scans. Some authors advocate changing radical 
options (to radiotherapy) in the case of good response, although 
there is little evidence to support this approach. Although neoad- 
juvant cisplatin-containing combination chemotherapy is recom- 
mended by the European Association of Urology (EAU),*° uptake 
varies between countries” reflecting clinical concerns about delay- 
ing radical treatment and healthcare design. 

Pooled data from seven platinum-based combination chemo- 
therapy studies demonstrate a significantly improved survival by 
5-7%.57 While classically methotrexate, vinblastine, doxorubi- 
cin, and cisplatin (MVAC) combination therapy was used prior 
to cystectomy, this regimen has been replaced by gemcitabine 
and cisplatin,®® due to lower toxicity with comparable downstag- 
ing effects.” Usually, clinical restaging is performed after two 
induction courses. Patients with good response will continue with 
another two chemotherapy cycles. Non-responders or those with 
partial but insufficient treatment response are evaluated in terms 
of salvage cystectomy versus switch to a second line chemotherapy. 

There have been recent developments in oncology substituting 
cisplatinum with carboplatin for its lesser side effects. As of now 
there exist only three phase II randomized studies that show a 
poorer response with carboplatin.6®61 In patients with compro- 
mised kidney function due to neoplastic ureteric obstruction, the 
collecting system requires decompression previous to treatment 


CHAPTER 6.21 MUSCLE-INVASIVE BLADDER CANCER 


initiation. Endourologic stent placement has to be avoided in order 
to prevent tumour spillage to the upper urinary tract. Therefore, 
nephrostomy tubes are preferred. 


Adjuvant chemotherapy 


Few studies are available regarding the adjuvant setting. A pro- 
spective randomized European Organisation for Research and 
Treatment of Cancer (EORTC) trial even had to be closed due to 
insufficient patient recruitment. Inherent to all retrospective studies 
is the substantial underlying patient selection bias. The advantage 
of an adjuvant strategy is that treatment administration is based on 
pathological staging, hence decreasing the rate of overtreatment. 
Furthermore, there is no delay in radical surgery particularly in 
patients with no or only limited tumour chemosensitivity. In con- 
trast, even in the frame of randomized trials only 48-69% of partic- 
ipants finally receive the planed adjuvant treatment dose® (e.g. due 
to prolonged postoperative rehabilitation and impaired recovery). 

Typically, it is the relatively young patient at risk with locally 
advanced disease and/or nodal involvement with extracapsular 
extension? who finally undergoes adjuvant chemotherapy. Again, 
gemcitabine and cisplatin combination therapy is the first choice. 
However, patients with compromised kidney function (<60 mL/min 
creatinin clearance) and those with inner ear hearing loss will not 
receive cisplatin. Instead, carboplatin is used which has been shown 
to be not as effective. Therefore, in patients ineligible for a cisplatin- 
based regimen the indication for adjuvant postoperative chemo- 
therapy should be balanced against the limited effectivity and side 
effects. Finally, it remains unresolved whether immediate adjuvant 
chemotherapy or chemotherapy at the time of disease recurrence 
are preferable. 


Radiotherapy 


Neoadjuvant radiotherapy 


In the frame of retrospective studies, neoadjuvant radiotherapy 
has been shown to downstage resectable cT3 tumours without 
increasing toxicity following radical cystectomy. While results in 
the older literature even suggest a lower rate of local recurrences 
following neoadjuvant radiotherapy, this vague benefit clearly 
has to be balanced against the potential side effects. Of relevance 
here is the impact of radiotherapy on the neurovascular structures 
required in the setting of an orthotopic urinary diversion. A rand- 
omized clinical trial is ongoing in Germany. 


Adjuvant radiotherapy 


There exist only sparse and mainly outdated data in terms of adju- 
vant radiotherapy following radical cystectomy. Considering late 
gastrointestinal toxicity such as bowel obstruction requiring sur- 
gical therapy!” and the moderate effectivity this approach has 
been mostly abandoned. The value of targeted radiotherapy in the 
management of limited positive surgical margins or patients with 
locally advanced and therefore only incomplete resectable tumours 
remains to be elucidated. 


Follow-up 


Patients who undergo radical cystectomy require lifelong follow 
up (for oncologic and functional reasons), adapted to tumour 
stage, nodal status, and patient performance. There is debate about 
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the benefits of detection of asymptomatic postoperative recur- 
rence, given that most treatments are aimed at symptom palli- 
ation. However, it is clear that further urothelial recurrences in the 
remaining urinary tract (urethra, upper tracts) occur in 5-10% 
of cases and can be cured at an early stage. Urethral barbotage 
cytology for early detection of urethral carcinoma in situ and cross 
sectional imaging studies to detect soft tissue metastases or upper 
tract disease are the most useful investigations in a follow-up proto- 
col after any urinary diversion but certainly with an ileal orthotopic 
bladder substitute.°° 

Focusing on the functional aspects of urinary diversion, all 
patients with any form of urinary diversion require routine follow- 
up visits irrespective whether they had cancer or not. Continuous 
follow up with regular control examinations warrant excellent func- 
tional outcomes in terms of urinary continence, voiding pattern, 
upper urinary tract function preservation and metabolic alterations 


Prognosis and prognostic factors 


Overall, 20-40% of patients diagnosed with bladder cancer initially 
present with muscle-invasive disease. For those with no evidence 
of metastases, radical cystectomy with extended pelvic lymph node 
dissection is the mainstay of therapy. Postoperative tumour stage 
and nodal status are important predictors of outcome. Node nega- 
tive patients with postoperative tumour stages pT0, pTa and pT1 
have the best outcome with recurrence-free rates at 5 and 10 years 
of >90%.66 Recurrence-free rates for patients with pT2 pNany 
(pNO-pN2) tumours can be expected around 75% and 70% at 
5 and 10 years, respectively. The rates drop to 45-50% and 45% at 
5 and 10 years respectively for patients with pT3 pNany tumours.”8 
Patients with pT4 tumours represent a heterogeneous cohort 
with recurrence-free rates around 45% and 35% at 5 and 10 years, 
respectively (Fig. 6.21.8).5%5266 Overall, it is the patient with an 
organ-confined primary tumour and limited nodal involvement®” 
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Fig. 6.21.8 Recurrence-free survival stratified according to primary tumour stage, 
irrespective of nodal status. 

Reprinted with permission. Copyright © 2003 American Society of Clinical Oncology. All rights 
reserved. From Madersbacher S, et al: Radical Cystectomy for Bladder Cancer Today — A 
Homogeneous Series Without Neoadjuvant Therapy, Journal of Clinical Oncology, Volume 21, 
Issue 4, 2003, pp. 690-696. 


following radical surgery that has the best chance for long-term 
cure. Nevertheless, even patients with intraoperatively grossly node 
positive disease have a 25% chance of long-term cure following rad- 
ical surgery including a meticulous pelvic lymph node dissection. 
Currently, postoperative tumour stage according to the TNM classi- 
fication, specifically postoperative lymph node status as well as soft 
tissue margin status represent the factors that predominantly impact 
patient’s outcome after radical cystectomy.®6?70 A variety of other 
factors such as BMI”! and preoperative hydronephrosis’*7> were 
individually reported but data are conflicting. In contrast, based on 
a meticulous extended pelvic lymph node dissection followed by a 
thorough pathologic work-up, the prognosis of a cystectomy patient 
can be determined quite reliably upon the underlying histological 
findings. Within this context, extracapsular extension of lymph 
node metastases was found to be an even stronger outcome pre- 
dictor compared to tumour stage and number/percentage of meta- 
static nodes.® Similarly, lympho-vascular invasion was identified to 
be strongly associated with clinical outcome in lymph node negative 
patients.”4 Furthermore, attempts are undertaken to identify indi- 
vidual molecular risk profiles in order to stratify our patients and to 
guide them to neoadjuvant and/or adjuvant treatments. 
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CHAPTER 6.22 


Treatment of metastatic 
bladder cancer 
Fabio Calabro and Cora N. Sternberg 


Introduction to treatment of metastatic 
bladder cancer 


Urothelial bladder carcinoma is the fifth most common malig- 
nancy diagnosed in the United States with an estimated 73,510 
new cases and 14,880 deaths in 2012.1 In males, the global inci- 
dence is 297,300 per year with 112,300 deaths? and 5% have 
metastatic disease at presentation.* Despite adequate local con- 
trol, most patients ultimately die due to distant disease. Systemic 
chemotherapy remains the standard of care for patients with 
metastatic urothelial carcinoma of the bladder. On the basis 
of the relatively high response rate obtained with combination 
chemotherapy, urothelial cancer can be considered a rela- 
tively chemosensitive disease. Nevertheless, long-term survival 
remains low and chemotherapy may provide the potential for 
cure in only selected patients. Despite partial understanding 
of the molecular aberrations driving urothelial carcinoma, this 
knowledge has yet to be translated into clinical success with tar- 
geted therapies. 


Prognostic factors 


Various prognostic features and factors predictive of response to 
chemotherapy have been identified. These can be divided into 
those reflecting the biology of the tumour and those reflecting the 
fitness of the patient. With the M-VAC (methotrexate, vinblastine, 
adriamycin, cisplatin) chemotherapy regimen‘ factors predicting 
lower response rates, increased toxicity and poor overall survival 
are: (i) the presence of visceral metastases; (ii) abnormal con- 
centrations of serum alkaline phosphatase; and (iii) poor patient 
performance status.>-’ Performance status is a strong predictive 
factor for survival in most malignancies. Various authors have 
reported survival stratified by these factors; the intergroup study 
found median survival varied from 4.4 to 18.2 months in patients 
treated with M-VAC depending upon the combination of these 
prognostic factors. None of the patients with liver or bone metas- 
tases were alive at six years.” Physicians from Memorial Sloan 
Kettering Cancer Center (MSKCC) stratified 203 patients treated 
with M-VAC using Karnofsky performance status and the pres- 
ence or absence of visceral metastases.® For patients with none, 
one, or two of these adverse features, the five-year survival rates 


were 33%, 11%, or 0% respectively. Similar results were obtained 
by the Spanish Oncology Genitourinary Group (SOGUG), in a 
phase I/II study of 56 patients with advanced urothelial tumours 
treated with paclitaxel, cisplatin, and gemcitabine. Factors asso- 
ciated with a poorer survival were performance status >0, pres- 
ence of visceral metastasis, and more than one site of malignant 
disease. In a multivariate model, performance status (p = 0.044) 
and visceral disease (p = 0.008) were independent predictors for 
survival. Median survival times in patients with zero, one, or two 
of these risk factors were 32.8 months, 17 months, and 9.6 months, 
respectively. 

The proportion of patients in each prognostic group can help to 
put phase II trial results into perspective, can help compare results 
between studies and can be used to prospectively stratify patients 
in phase III trials. 


Systemic chemotherapy 


First-line chemotherapy in fit patients 


Systemic chemotherapy remains the mainstay of treatment for fit 
patients with metastatic bladder carconoma. Multiagent cisplatin- 
based regimens, such as M-VAC, yield pathological complete 
remissions in some patients with metastatic disease and long-term 
survival in more than 60-70% of complete responders.!° Patients 
with measurable lesions have an overall 72% response rate (RR) 
and 36% attain a complete response. Patients who achieved a 
complete response, with M-VAC and surgery, have twice the sur- 
vival of patient’s with only a partial response. Chemotherapy is 
more effective for nodal disease than in visceral metastases. 1011 
On the basis of these results, M-VAC is considered a standard 
of care in the treatment of metastatic bladder cancer (reprodu- 
cible response rates in the range of 40-70% and median survival 
of approximately one year). In particular, prospective randomized 
trials have demonstrated the superiority of M-VAC (both in terms 
of response rate and survival) over cisplatin monotherapy?” and 
CISCA (cisplatin, cyclofosfamide, adriamycin) combination ther- 
apy.!! Of note, in one trial only 3.7% of the patients randomized 
to M-VAC were alive and continuously disease-free at six years, 
indicating cure in only a small fraction of patients.” However, 
M-VAC can be associated with significant toxicity; including 
myelosuppression, neutropenic fever, sepsis, mucositis, nausea, 
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vomiting and a 3-4% toxic death rate?! when growth factors are 
not used. The ideal candidate for M-VAC is a healthy patient with 
nodal and/or soft tissue disease. These patients have a 10% to 15% 
chance of prolonged progression-free survival with six cycles of 
chemotherapy. With the use of G-CSF (granulocyte-colony stim- 
ulating factor), toxic complications can be dramatically reduced 
and full M-VAC doses administered. 

Various attempts have been made to improve response rates or 
reduce toxicity. Several phase II trials have evaluated dose-intense 
M-VAC with either GM-CSF (granulocyte macrophage-colony 
stimulating factor) or G-CSF. These trials report the possibility 
of increasing doses (by as much as 60%!?), but with greater tox- 
icity.'5-!5 The EORTC 30924 phase III trial compared standard 
M-VAC to dose-intensified high dose M-VAC (with growth fac- 
tor support: HD-M-VAC) in 263 patients. Patients receiving HD- 
M-VAC had significantly higher complete response rates (21% vs. 
9%; p = 0.007), borderline higher progression-free survival rates 
(PFS; 9.1 vs. 8.2 months) but no difference in overall survival 
(OS). Importantly, there was less leukopenia, neutropenic fever, 
and mucositis with HD-M-VAC.!¢ At seven-year follow-up, HD- 
M-VAC was associated with fewer cases of progression and death 
[Hazard Ratio (HR) = 0.73; p = 0.017].!” Thus, a subset of fit patients 
could benefit from the intensified regimen. 

Gemcitabine has been evaluated in a number of phase I/II tri- 
als.!8 Overall response (OR) rates range from 23-29% and CR 
rates from 4-13% in previously treated and untreated patients. 19-22 
Toxicity, particularly myelosuppression, is mild and generally with- 
out grade 4 toxicities, as compared to M-VAC. Four phase II tri- 
als evaluated the combination of cisplatin and gemcitabine (GC) at 
different dosages and schedules. In patients with locally advanced 
and/or metastatic bladder cancer, the OR rates ranged from 
41-57% with CR rates from 18-22%.*3-*° Toxicity was acceptable 
and median survival rates between 12.5 and 13.5 months. These 
preliminary results led to a large randomized trial of GC versus 
M-VAC,?7 powered to detect a four-month survival difference in 
favour of GC. A total of 405 patients were enrolled and overall 
survival found to be similar in both arms (HR = 1.04; 95% con- 
fidence interval, 0.82 to 1.32; p = 0.75). When first published, at a 
median follow-up of 19 months, overall survival in the GC group 
was 13.8 months similar to 14.8 months in the M-VAC group. of 
importance, this trial was not designed to detect equivalency (for 
this many more patients would have been needed). The toxicity 
profile was different in the two arms. Patients receiving GC had 
lower rates of grade 3-4 neutropenia (72% vs. 84%), neutropenic 
fever (2% vs. 14%) and grade 3-4 mucositis (1% vs. 22%), when 
compared to M-VAC. While there was a lower rate of thrombocyto- 
penia and anaemia in the M-VAC arm, the toxic death rate was 3% 
with M-VAC and 1% with GC. The quality of life profile was simi- 
lar for both arms. There was a non-significant trend to less fatigue 
with GC. 

In a recent update,?8 overall survival was similar in both arms 
(HR = 1.09; 95% CI, 0.88 to 1.34; p = 0.66) with a median sur- 
vival of 14.0 months for GC and 15.2 months for M-VAC. The 
five-year overall survival rates were 13.0% and 15.3%, respect- 
ively (p = 0.53). The median PFS was 7.7 months for GC and 8.3 
months for M-VAC (HR = 1.09). The five-year PFS rates were 9.8% 
and 11.3%, respectively (p = 0.63). Significant prognostic factors 
favouring overall survival included performance score (>70), low/ 
normal alkaline phosphatase level, number of disease sites (<or 


= three), and the absence of visceral metastases. By adjusting for 
these prognostic factors, the HR was 0.99 for overall survival and 
1.01 for PFS. The five-year overall survival rates for patients with 
and without visceral metastases were 6.8% and 20.9%, respectively. 
On the basis of this conceived more favourable risk-benefit ratio, 
many have considered the GC regimen as a standard treatment in 
metastatic urothelial cancer. However, it is also possible that much 
of the toxicity in the M-VAC group could have been avoided with 
the prophylactic use of G-CSF, which was not administered in the 
M-VAC arm in this trial. 

Attempts to improve upon GC have included adding a third drug. 
The combination of paclitaxel, gemcitabine, and cisplatin (PGC) 
has been studied in a phase I/II trial of 61 patients with advanced 
or metastatic urothelial carcinoma. Sixteen complete responders 
(27.6%) and 29 partial responders (50%) were observed (OR rate 
of 77.6% (95% CI: 60-98%). The median survival time available 
for the phase I part of the study was 24.0 months.” Subsequently, 
the EORTC 30987/Intergroup study randomized 627 patients to 
either PGC or GC, with the primary end point being survival. At 
a median follow-up of 4.6 years, the median OS was 15.8 months 
with PCG versus 12.7 months with GC (p = 0.075). OS in the sub- 
group of all eligible patients was somewhat longer on PCG, as was 
the case in patients with bladder primary tumours. The addition 
of paclitaxel to GC provided a 3.1-month survival benefit that did 
not reach statistical significance. PFS was not significantly longer 
on PCG (p = 0.11). Overall response rate was 55.5% on PCG and 
43.6% on GC (p = 0.0031). Both treatments were well tolerated, 
with more thrombocytopenia and bleeding on GC than PCG 
(11.4% vs. 6.8%) and more febrile neutropenia on PCG than GC 
(13.2% vs. 4.3%).°° The trial raised an issue of clinical importance. 
In a post hoc analysis, there was evidence of a greater and statistic- 
ally significant survival benefit in patients with a bladder primary 
(median survival 15.9 months for PCG vs. 11.9 months for GC) in 
contrast to patients with non-bladder primary tumours, in whom 
there was no benefit. These results appear to confirm that despite 
morphologic similarities, there are genetic and epigenetic differ- 
ences which separate urothelial carcinoma in the upper and lower 
urinary tracts. 

Other regimens have been investigated in the first-line meta- 
static setting. A phase III randomized trial compared docetaxel 
and cisplatin (DC) with M-VAC and was reported by the Hellenic 
Cooperative Oncology Group.*! Patients were randomly assigned 
to receive M-VAC (n = 109 patients) or DC (n = 111) (both treat- 
ment arms received G-CSF). The overall response rate (54.2% vs. 
37.4%; p = 0.017), median time to progression (TTP; 9.4 vs. 
6.1 months; p = 0.003) and median survival (14.2 vs. 9.3 months; 
p = 0.026) favoured the M-VAC regimen. After adjusting for prog- 
nostic factors, difference in TTP remained significant (HR = 1.61; 
p = 0.005), whereas the survival difference was non-significant at 
the 5% level (HR = 1.31; p = 0.089). M-VAC caused more frequent 
grade 3 or 4 neutropenia (35.4% vs. 19.2%; p = 0.006), thrombo- 
cytopenia (5.7% vs. 0.9%; p = 0.046), and neutropenic sepsis (11.6% 
vs. 3.8%; p = 0.001) but the toxicity with M-VAC was considerably 
lower than that previously reported for M-VAC administered with- 
out G-CSF. The authors concluded that M-VAC is more effective 
than DC in advanced urothelial cancer and that G-CSF-supported 
M-VAC is well tolerated and could be used instead of classic 
M-VAC as first-line treatment in advanced urothelial carcinoma. 
Of note, there was no prospective stratification for performance 


status in this trial and when analysed there was a higher proportion 
of patients with poor performance status in the DC arm (which 
may have partly contributed to the poor outcomes in this arm). 

A randomized study of 130 patients compared a dose dense regi- 
men with gemcitabine and cisplatin (DD-GC) with dose dense 
M-VAC (DD-M-VAC) in advanced urothelial cancer.32 The 
median OS and PFS were 19 and 8.5 months for DD-M-VAC ver- 
sus 18 and 7.8 months for DD-GC (p = 0.98 and 0.36, respectively). 
Neutropenic infections were less frequent for DD-GC than for DD- 
M-VAC (0% vs. 8%). More patients on DD-GC received at least six 
cycles of treatment (85% versus 63%, p = 0.011) and the discontinu- 
ation rate was lower for DD-GC (3% vs. 13%).32 


Carboplatin-based regimens in fit patients 


Several studies have compared carboplatin and cisplatin-contain- 
ing regimens in patients with adequate renal function.3*->° The 
former is less toxic than cisplatin. In general, these trials have dem- 
onstrated the superiority of cisplatin-based over carboplatin-based 
combinations. For example, phase II trials evaluated the combin- 
ation of paclitaxel (dose between 150-225 mg/m?) with carbopl- 
atin (administered at an area under the curve (AUC) of 5-6) and 
reported overall response rates of 14-65%, with CRs in 0-40%.37- 
41 This regimen was well tolerated with mild haematologic and 
neurologic toxicities. A phase II trial conducted by the Eastern 
Cooperative Oncology Group (ECOG) compared M-VAC to pacli- 
taxel-carboplatin.*> Patients with previously untreated metastatic 
bladder carconoma were randomized to standard M-VAC or pacli- 
taxel 225 mg/m? plus carboplatin AUC 6 every three weeks. After 
2.5 years the study was closed due to poor accrual (only 85 of the 
planned 330 patients enrolled). Compared with carboplatin-pacli- 
taxel, patients treated with M-VAC had more myelosuppression, 
mucositis, and renal toxicity. Interestingly a quality of life evaluation 
revealed non-significant differences between the two arms. Patients 
treated with carboplatin had an overall response rate of 28.2% com- 
pared to 35.9% for the M-VAC arm. At reporting (median follow- 
up of 32.5 months), the median survival for patients treated with 
M-VAC was 15.4 months versus 13.8 months for patients treated 
with carboplatin-paclitaxel (p = 0.65, log-rank test). These results 
are not significantly different. Due to the low number of patients 
enrolled definitive conclusions cannot be drawn. 

A meta-analysis of 286 cisplatin-eligible patients from three ran- 
domized phase II studies and one randomized phase III study com- 
paring cisplatin versus carboplatin-based regimens, in patients with 
metastatic urothelial carcinoma of the bladder, showed that cisplatin- 
based chemotherapy was associated with a significantly higher like- 
lihood of achieving a complete response (risk ratio = 3.54; 95% 
CI = 1.48-8.49; p = 0.005) and overall response rate (risk ratio = 1.34; 
95% CI = 1.04-1.71; p = 0.02). Survival end points could not be 
adequately assessed due to inconsistent reporting among trials.” 

Based on this evidence, cisplatin remains the standard of care 
in fit patients with good performance status and adequate renal 
function. 


Sequential regimens 


Administration of non-cross-resistant agents in a sequential fash- 
ion may improve outcome by targeting tumour cells with differ- 
ent sensitivity profiles. Based on the effectiveness of this strategy 
in breast cancer, this option has been studied in metastatic blad- 
der cancer. On the basis of the established activity of doxorubicin 
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and gemcitabine (AG) as single agents, a phase I trial of sequential 
chemotherapy with these two drugs followed by ifosfamide, pacli- 
taxel, and cisplatin (ITP), was conducted at MSKCC. After com- 
pletion of a phase I trial, a dose of doxorubucin 50 mg/m? and 
gemcitabine 2,000 mg/m? (at an infusion rate of 10 mg/m?/min) 
every two weeks for six cycles with G-CSF was chosen. This was 
then followed by ITP in a phase II study. In a preliminary report of 
the phase II trial,“4 this sequenced therapy was associated with an 
87% RR rate with a 43% CR rate in patients who completed the ITP 
portion of the study. The dose intensity (mg/m?/week) for doxo- 
rubicin and cisplatin were significantly higher than that obtained 
with conventional M-VAC-. In the final results of this study, myelo- 
suppression was seen as 68% of patients who experienced grade 
3 to 4 neutropenia and 25% had febrile neutropenia. The median 
PFS was 12.1 months (95% CI, 9.0 to 14.8 months), and median 
overall survival was 16.4 months (95% CI, 14.0 to 22.5 months). 
The authors concluded that this sequential regimen was associ- 
ated with significant toxicity and that did not clearly offer a benefit 
compared to nonsequential, cisplatin-based regimens.*? A similar 
regimen consisting of sequential adriamycin and gemcitabine fol- 
lowed by paclitaxel plus carboplatin has been explored in patients 
with impaired renal function.*© Myelosuppression was the major 
toxicity reported in the 25 patients treated, with 28% of patients 
experiencing grade 3-4 neutropenia with only 2 (8%) episodes of 
febrile neutropenia. There were five complete responses and nine 
partial responses for an overall response rate of 56% (95% CI: 35- 
76%). The median survival was 15 months (95% CI: 11-30). 

Docetaxel and methotrexate (DM) followed by gemcitabine 
and cisplatin (GC) has also been evaluated.*” Patients received 
three cycles of DM (40 mg/m? methotrexate on days 1 and 8 and 
100 mg/m? docetaxel on day 8 repeated every 21 days) followed by 
GC (1,000 mg/m? gemcitabine on days 1 and 8 and 75 mg/m? cis- 
platin on day 1 repeated every 21 days). The most common toxicities 
were haematologic, with grade 3/4 neutropenia and thrombocyto- 
penia observed in 4 and 2 patients, respectively. A 33% response 
rate was observed after DM and a 67% response rate after GC for an 
overall response rate of 54%. Three patients who progressed on DM 
responded to GC and three responders to DM achieved a further 
response to GC. Median overall survival was 13.6 months. 

Although sequential drug regimens cannot be recommended 
as standard treatment in patients with metastatic urothelial car- 
cinoma, the provocative results in terms of median survival sug- 
gest that testing of novel agents in sequence is a feasible treatment 
strategy. 


Platinum-free regimens in fit patients 


In an additional effort to avoid cisplatin related toxicities, trials 
have been conducted using platinum-free combinations. After a 
phase I dose escalating trial of gemcitabine and paclitaxel in sev- 
eral solid tumours demonstrated these two drugs could be given 
simultaneously on an every two-week schedule,** a phase II trial in 
patients with urothelial cancer (who had failed prior cisplatin-based 
chemotherapy) was undertaken.‘ Forty-one patients were treated 
with an outpatient regimen of gemcitabine 2,500-3,000 mg/m? and 
paclitaxel 150 mg/m? every two weeks. The OR rate was 60% with 
a 28% CR rate. Median survival in these pretreated patients was 
14.4 months. Median duration of response was six months (range 
2-44+ months). There was no grade 3-4 anaemia or thrombocyto- 
penia. Patients who had been treated with this combination after 
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failing prior adjuvant or neoadjuvant cisplatin-based chemotherapy 
responded better than patients who had been previously treated for 
metastatic disease. This regimen every two weeks was found to be a 
well-tolerated outpatient regimen with minimal toxicity. In another 
study, 30 patients with progressive disease were treated with either 
six cycles of three-weekly gemcitabine (1,250 mg/m? day 1 and 
8) and paclitaxel (175 mg/m? day 1) or with every two-week ther- 
apy with gemcitabine 1,000 mg/m? day 1 and paclitaxel 120 mg/m? 
day 2).5° Responses were observed in pretreated patients. 

Based on these data, an every two-week schema was developed 
primarily for chemonaive patients, but also for pretreated patients 
with up to two prior regimens. In a multicentre phase II study, pacli- 
taxel 150 mg/m? and gemcitabine 3,000 mg/m? were given every 
two weeks. Fifty-six (chemonaive and six pretreated patients) were 
entered. Of 55 eligible patients, 17 had a partial and five had a com- 
plete response rate for an overall response rate of 40% (27-54%). 
One complete response and one partial response were observed 
in the six previously treated patients. Overall median survival was 
11.8 months (11.9 months in the chemonaive cohort). Grade 3 or 4 
myelosuppression occurred in 56%, but only four serious infections 
were observed. The investigators felt that this regimen was active 
and well tolerated, with perhaps compromised efficacy in compari- 
son to cisplatin-containing regimens.*° 

In another American phase II trial, 54 patients! with advanced 
urothelial carcinoma received paclitaxel 200 mg/m? in a one-hour 
infusion on day 1 and gemcitabine 1,000 mg/m? on days 1, 8, and 
15 every three weeks. Twenty-nine of 54 patients (54% CI: 40- 
67%) had objective responses, with 7% CR. At a median follow- 
up of 24 months, 16 patients (30%) were alive and 9 (17%) were 
progression-free. The median survival for the entire group was 
also 14.4 months, with 1 and 2-year actuarial survival rates of 57% 
and 25%, respectively. Of note, 7 of 15 (47%) patients previously 
treated with platinum-based chemotherapy responded to pacli- 
taxel and gemcitabine. Grade 3/4 toxicity was primarily haemato- 
logic, including leukopenia (46%), thrombocytopenia (13%), and 
anaemia (28%). Ten patients (19%) required hospitalization for 
neutropenia and fever, and one patient had treatment-related sep- 
tic death. The schedule of this regimen with only one week of rest 
may be responsible for the haematologic toxicity. In a multicenter 
Italian trial, 48 chemonaive patients with metastatic urothelial 
cancer were treated with gemcitabine 2,500 mg/m? in 30 min and 
paclitaxel 150 mg/ m? in three hours every 2 weeks.** The response 
rate in 33 evaluable patients was 37%, with 5 complete responses 
and 15 partial responses. Haematologic toxicity was predomin- 
ant but manageable. The median survival was 13.2 months, and 
the median time to disease progression was 5.8 months. This regi- 
men shows promise but may be most useful for patients unable to 
receive cisplatin. In another study from UCLA, the combination of 
gemcitabine plus docetaxel was studied in 27 patients with unre- 
sectable metastatic or locally advanced transitional cell carcinoma 
of the urothelial tract.” The first 10 patients received gemcitabine 
800 mg/m? days 1, 8, and 15 of a 28-day treatment cycle plus doc- 
etaxel 80 mg/m2. Due to dose-limiting toxicity (neutropenia), the 
initial dose of docetaxel was reduced to 60 mg/m? for the remain- 
ing 17 patients who entered the study. Neutropenia was the most 
common adverse event (grade 3 in 37% and grade 4 in 22.2%). 
The objective response rate was 33.3% with 2 of 27 patients (7.4%) 
achieving a complete response. The median duration of response 
was 20 weeks and median survival was 52 weeks. 


The available data on the combination of gemcitabine and taxa- 
nes in advanced urothelial carcinoma demonstrate that the com- 
bination is active and tolerable and that complete responses can be 
attained. Mature phase II trials and data from randomized trials are 
needed to determine the future role of these combinations in the 
management of advanced urothelial carcinoma of the bladder. At 
the present time, patients who are eligible for cisplatin should be 
treated with cisplatin-based combination chemotherapy. 


First-line regimens in patients unfit for cisplatin 


In patients considered not eligible for cisplatin, carboplatin-based 
regimens have demonstrated activity.4!46545° The definition of 
‘unfitness for cisplatin’ may be based on different factors: (a) age, 
although advanced age may not be associated with an increased 
likelihood of developing severe toxicities with cisplatin-based 
chemotherapy; (b) renal function, although the optimal threshold 
of renal function level that should preclude cisplatin is still unclear; 
(c) solitary kidney, usually applicable in patients with urothelial 
carcinoma of the upper urinary tract who undergo nephroureter- 
ectomy in whom adequate hydration and splitting cisplatin in two 
days is usually considered; (d) functional status and co-morbidities 
because poor functional status has been associated with increased 
toxicity and decreased efficacy in patients treated with cisplatin and 
because some co-morbidities can be exacerbated by cisplatin (e.g. 
neurotoxicity and ototoxicity). 

Because of the significant variability in the definition of patients 
‘unfit’ for cisplatin, a uniform definition of cisplatin ineligibility 
criteria for clinical trials has been suggested by a working group 
and includes: (i) ECOG performance status of 2; (ii) creatinine 
clearance <60 mL/min; (iii) Common Terminology Criteria for 
Adverse Events (CTCAE) Grade =2 hearing loss; (iv) CTCAE 
Grade 22 neuropathy.°® According to this definition, patients 
should meet at least one of these criteria to be defined unfit for 
cisplatin. 

For this ‘unfit’ group, gemcitabine has been combined with carbo- 
platin to avoid the nephrotoxicity often associated with cisplatin. In 
four small trials°>5” gemcitabine was given at 1,000 mg/m? on days 
1 and 8 every 21 days and carboplatin at an AUC of 5 on day 1. This 
combination has shown activity with OR of 45% to 68%. The major 
toxicities encountered have been myelosuppression with grade 3-4 
neutropenia and thrombocytopenia in 60-68% of patients. 

Although several phase II trials have explored other chemothera- 
peutic regimens for this population, the first I/II randomized 
trial in this setting was conducted by the EORTC Genito-Urinary 
Group. In this trial, gemcitabine and carboplatin (GCa) was com- 
pared to methotrexate, carboplatin, and vinblastine (M-CAVI) in 
238 unfit patients. Median OS was 9.3 months in the GCa arm and 
8.1 months in the M-CAVI arm with a hazard ratio of 0.94 (95% 
CI, 0.72 to 1.22; p =.64). The hypothesized increase in OS from 
9 months with M-CAVI regimen to 13.5 months with GCa was 
not reached. The primary end point of the study (OS) showed no 
statistically significant difference between the two treatment arms. 
Median PFS was 5.8 months in the GCa arm and 4.2 months in 
the M-CAVI arm in the intent-to-treat analysis, with a hazard ratio 
of 1.04 (95% CI, 0.80 to 1.35). Severe acute toxicity (death, grade 
4 thrombocytopenia with bleeding, grade 3 or 4 renal toxicity, 
neutropenic fever, or mucositis) was observed in 9.3% of patients 
receiving GCa and in 21.2% of patients receiving M-CAVI.°® This 
study has shown that M-CAVI is clearly more toxic than GCa in 


this patient population, particularly in patients with impaired renal 
function. 

Dividing the cisplatin dose with hydration and administering it 
over two days is another viable option in patients with impaired 
renal function. In a Spanish trial, 38 patients with locally advanced 
or metastatic urothelial carcinoma with creatinine clearance 
between 35 and 59 mL/min received gemcitabine 2,500 mg/m? 
and cisplatin 35 mg/m? on day 1 and day 15 for a 28-day sched- 
ule. Fifteen partial responses (39%) were reported and 12 patients 
had stable disease (31%). Median PFS and overall survival were 3.5 
and 8.5 months, respectively. Grade 3-4 haematological toxicities 
were: neutropenia 9%, anaemia 6% and thrombocytopenia 16%. 
No patient developed renal toxicity.*° 

Splitting the cisplatin dose in two days could be considered an 
option for unfit patients. However, as the results seem not to be 
superior to those obtained with carboplatin-based regimens in this 
population of patients, the combination of carboplatin and gemcit- 
abine can be considered the standard of care in patients unfit for 
cisplatin. New agents with improved efficacy and tolerability may 
eliminate the need to evaluate patients with metastatic urothelial 
bladder cancer in separate cohorts in the future. 


Second-line treatments 


The outcome for patients with advanced transitional cell carcinoma 
who relapse or progress on first-line treatment is extremely poor. 
Poor prognostic factors including visceral metastasis and Karnofsky 
performance status of less than 80 have substantially been shown 
to affect outcomes in patients treated with first-line chemother- 
apy. These recognized prognostic factors might continue to have 
an effect in the second-line setting. A recent retrospective analysis 
of patients who received second-line vinflunine identified ECOG 
performance status higher than 0, haemoglobin less than 100 g/ 
L, and liver metastasis as poor prognostic factors.©° Additionally, 
a shorter duration of TTP after first-line therapy, response to first- 
line chemotherapy, prior exposure to cisplatin and whether chemo- 
therapy was administered in the perioperative or metastatic setting 
have an impact on sensitivity to second-line therapy. 

Many chemotherapeutic agents have been tested in the second- 
line setting showing poor or no activity in phase II trials although 
a few yield modest response rates of 10-20%, median PFS of two to 
three months and median overall survival of six to nine months.61-64 
Multidrug combinations have been thoroughly investigated as 
second-line therapy for metastatic bladder cancer and have gener- 
ally yielded better response rates, but not necessarily better survival 
outcomes, and often higher toxicities. Second-line combinations 
of gemcitabine and paclitaxel or gemcitabine and ifosfamide have 
been investigated and outcomes seem somewhat better than in 
monotherapy trials, although these trials have enrolled patients 
with favourable response characteristics.4% 

A case for non-cross-resistant combination second-line therapy 
could be made for patients with good performance and rapidly 
progressive or visceral disease. Re-administration of the first-line 
combination chemotherapy regimen might be considered if the 
previous quality of response was excellent (eg, complete response) 
or the TTP was long (e.g. >12 months); limited data supporting this 
strategy exist for M-VAC.© 

Vinflunine ditartrate is a novel anti-tubulin agent obtained 
by a semisynthetic process from a vinca alkaloid base that has 
demonstrated higher antitumour activity compared with parent 
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compounds. Single-agent vinflunine was studied in several phase 
I trials utilizing different schedules leading to the selection of the 
three-week schedule for phase II evaluation.°7-© A multicenter 
phase II trial to determine the efficacy of vinflunine as second-line 
therapy in patients with advanced urothelial carcinoma of the blad- 
der has been conducted in patients that failed or progressed after 
first-line platinum-containing regimens for advanced or meta- 
static disease, or had progressive disease after platinum-containing 
chemotherapy given with adjuvant or neoadjuvant intent.”° Of 
51 patients treated with 320 mg/m? of vinflunine, nine patients 
responded to the therapy yielding an OR rate of 18% (95% CI: 8.4- 
30.9%) and 67% (95% CI: 52.1-79.3%) achieved disease control 
(partial response plus stable disease). Of note, responses were seen 
in patients with relatively poor prognostic factors such as a short 
(<12 months) interval from prior platinum therapy (19%, includ- 
ing an 11% response rate in those progressing <3 months after 
platinum treatment), prior treatment for metastatic disease (24%), 
prior treatment with vinca alkaloids (14%) and visceral involve- 
ment (20%). The median duration of response was 9.1 months 
(95% CI: 4.2-15.0) and the median PFS was 3.0 months (95% 
CI: 2.4-3.8). The median OS was 6.6 months (95% CI: 4.8-7.6). 
The main haematological toxicity was grade 3-4 neutropenia, in 
67% of patients (42% of cycles). Febrile neutropenia was observed 
in five patients (10%) and was fatal in two. Constipation was fre- 
quently observed and was grade 3-4 in 8% of patients. The inci- 
dence of grade 3 nausea and vomiting was very low, neither grade 
3-4 sensory neuropathy nor severe venous irritation was observed. 
Moreover, and of importance in this particular study population, 
no grade 3-4 renal function impairment was observed. 

In a subsequent phase III trial in the second-line setting of meta- 
static urothelial bladder cancer, 370 patients were randomized to 
vinflunine plus best supportive care (BSC) versus BSC alone.”! In 
the intent-to-treat population, the difference in overall survival was 
not statistically significant (6.9 months for vinflunine plus BSC vs. 
4.6 months for BSC) (HR = 0.88; 95% CI, 0.69 to 1.12; p = 0.287). 
In a subset of 357 eligible patients, the median OS was significantly 
longer for the vinflunine group (6.9 versus 4.3 months). Grade 3-4 
toxicities included neutropenia (50%), febrile neutropenia (6%), 
anaemia (19%), fatigue (19%), and constipation (16%). There was 
one drug-related death on study. On the basis of these results, vin- 
flunine has been approved for use in Europe but not in the United 
States. 

Given the lack of definitive randomized data, there remains no 
well-defined standard of care for second-line chemotherapy for 
metastatic transitional cell carcinoma of the bladder cancer and 
participation in clinical trials should be encouraged. 


New strategies 


Overcoming platinum resistance 


With platinum analogues being the most active drugs against 
urothelial cancer, the emergence of cisplatin resistance in the course 
of disease clearly limits treatment options and ultimately has an 
impact on survival. Many DNA repair pathways have been identi- 
fied. The excision repair cross-complementation group 1 (ERCC1) 
is required to excise damaged nucleotides and has been shown to 
predict response to cisplatin-based chemotherapy. In 57 patients 
with advanced or metastatic bladder cancer treated with either 
GC or GCP, the ERCC1 mRNA expression levels correlated with 
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survival, time to disease progression and chemotherapy response 
with median survival being significantly higher in patients with low 
ERCCI1 levels (25.4 vs. 15.4 months; p = 0.03).72 The same group 
reported that ERCC1 expression by immunohistochemistry can 
predict disease specific survival in patients treated with cisplatin- 
based chemotherapy.” 

BRCAI (Breast Cancer 1 gene) plays a central role in DNA repair 
pathways and low BRCA1 expression has been associated with sen- 
sitivity to cisplatin and longer survival in lung and ovarian cancer 
patients. In 57 patients with locally advanced bladder cancer treated 
with neoadjuvant cisplatin-based chemotherapy, both pathologic 
response (66% vs. 22%; p = 0.01) and median survival (168 vs. 
34 months, p = 0.002) were better in patients with low/intermedi- 
ate BRCA1 levels as compared with patients with high BRCA1 lev- 
els. BRCA1 expression may predict the efficacy of cisplatin-based 
neoadjuvant chemotherapy and may help to customize therapy in 
bladder cancer patients.74 

The multidrug resistance gene 1 (MDR1) encodes P-glycoprotein 
(Pgp), a membrane protein that acts as an energy-dependent cel- 
lular efflux pump. Pgp can reduce intracellular concentrations of 
chemotherapy drugs such as anthracyclines and vinca alkaloids, 
resulting in decreased cytotoxicity. Furthermore, it appears that 
chemotherapy drugs induce MDRI1 and lead to drug resistance.”° 
In patients with locally advanced bladder cancer receiving adju- 
vant chemotherapy, high MDRI1 expression is associated with 
inferior survival.’° After two years, more than 65% of patients with 
high MDR1 expression had progressed compared to only 25% of 
patients with low MDRI1 expression. After five years, only 23% 
of patients with high MDRI1 expression were still alive versus 62% 
of patients with low MDRI1 expression (HR 0.25, p = 0.0006). 

The hope is that these emerging strategies will help pave the road 
towards personalized therapy in advanced bladder cancer. 


Genetic markers 


Several studies have been conducted using a combination of gen- 
etic markers to predict response to chemotherapy. Takata et al. ana- 
lysed the gene expression profile of 27,648 genes from 27 invasive 
bladder cancers using a cDNA microarray.”” Profiles of tumours 
from patients who responded to M-VAC neoadjuvant chemother- 
apy were compared to nonresponders to develop a scoring system 
of 14 predictive genes. This system was able to accurately predict 
drug response in eight out of nine patients. It was applied to 22 
additional cases of bladder cancer and correctly predicted clinical 
response for 19 cases.”® Another approach uses the co-expression 
extrapolation (COXEN) algorithm derived from expression micro- 
array data of the National Cancer Institute (NCI)-60 cell line 
panel to predict drug sensitivity of bladder cancer cell lines.”? The 
COXEN-based gene expression model was able to effectively strat- 
ify chemosensitivity and predict the three-year overall survival in 
patients treated with M-VAC.*0 


Genome sequencing 


Recent successes with molecularly based targeted drugs, have made 
personalized medicine a reality. The success of these new drug strat- 
egies can be in part attributed to the identification of the genetic 
mechanisms responsible for the development and progression of 
metastatic cancers. Recently, the advances in sequencing technol- 
ogy have allowed for comprehensive mutation analysis of tumours 
and have led to the identification of a number of genes involved in 


the aetiology and progression of many types of cancer. The whole- 
genome sequencing has been used to to investigate the genetic basis 
of a durable remission of metastatic bladder cancer in a patient 
treated with everolimus, a drug that inhibits the mTOR (mamma- 
lian target of rapamycin) signalling pathway, in a phase II trial (NCI 
00805129). Among the somatic mutations was a loss-of-function 
mutation in TSC1 (tuberous sclerosis complex 1), a regulator of 
mTOR pathway activation. Targeted sequencing revealed TSC1 
mutations in about 8% of 109 additional bladder cancers examined, 
and TSC1 mutation correlated with everolimus sensitivity.! These 
results demonstrate the feasibility of using whole-genome sequenc- 
ing in the clinical setting to identify previously occult biomarkers 
of drug sensitivity that can aid in the identification of patients most 
likely to respond to targeted anticancer drugs. 

As the methodology and costs associated with next-generation 
sequencing continue to improve, this technology will be rapidly 
adopted into routine clinical oncology practices and will signifi- 
cantly impact on personalized therapy. 


Targeted therapies 

Targeting angiogenesis 

Vascular endothelial growth factor (VEGF) receptors are another 
interesting target. The VEGF monoclonal antibody bevacizumab 
in combination with cisplatin and gemcitabine was tested in 
43 chemotherapy-naive patients with metastatic or unrespect- 
able urothelial carcinoma with an overall response rate of 72%. 
Median PFS was 8.2 months (95% CI, 6.8 to 10.3 months) with 
a median OS of 19.1 months (95% CI, 12.4 to 22.7 months). The 
study-defined goal of 50% improvement in PFS was not met. Three 
treatment-related deaths (central nervous system haemorrhage, 
sudden cardiac death, and aortic dissection) were observed.8? On 
the basis of these preliminary results the Cancer and Leukemia 
Group B (CALGB) is conducting a phase III trial with the same 
regimen. 

The oral multitargeted tyrosine kinase inhibitor (TKI) Sorafenib 
showed no objective responses in either the first or second-line 
treatment setting.**.84 However, two other drugs in the same cat- 
egory produced different results. Sunitinib, used as second-line 
therapy for patients with metastatic bladder cancer led to a 43% 
partial response and stable disease®*> while when administered 
as first-line therapy to patients ineligible for cisplatin a partial 
response in 2 of 16 patients was obtained.*° In order to evaluate 
the role of maintenance sunitinib after response to chemother- 
apy 54 patients were randomized to oral sunitinib or placebo. The 
six-month progression rate was 81%, median TTP five months for 
sunitinib and 75% and 2.7 months with placebo.87 

The efficacy and safety of gemcitabine, cisplatin, and sunitinib 
in metastatic and muscle-infiltrating bladder cancer was tested 
in parallel phase II trials. Trial 1 enrolled 36 patients with meta- 
static bladder cancer who were chemotherapy naive; trial 2 enrolled 
9 patients with muscle-infiltrating bladder cancer. Both trials were 
stopped early due to excessive toxicity. Grade 3 to 4 haematologic 
toxicities occurred in 70% (23/33) of patients in trial 1 and 22% 
(2/9) of patients in trial 2. In trial 1, the response rate was 49% 
(95% CI, 31-67%); in trial 2, the pathologic complete response was 
22% (2/9).88 

Pazopanib, a multitargeted TKI that targets vascular endothe- 
lial growth factor receptor (VEGFR)-1, -2, and -3; platelet derived 


growth factor receptor (PDGFR)-a and PDGFR-8, and c-Kit, has 
been tested in 41 patients with urothelial carcinoma unrespon- 
sive or relapsing after at least one or more lines of cisplatin-based 
chemotherapy for metastatic disease; 21 (51%) of 41 patients were 
given pazopanib as third-line or further-line treatment.®? Seven 
patients (17%) had a confirmed partial response, 14 patients had 
confirmed stable disease. Nineteen patients (46%) had a clear nec- 
rotic evolution of multiple metastases and/or a decreased standard 
uptake value on PET scan consistent with a partial response. The 
only grade 3 toxicity was hypertension in two patients. Median 
PFS was 2.6 months (95% CI 1.7-3.7) and median overall survival 
was 4.7 months (95% CI 4.2-7.3). Fatigue, hypertension, and anor- 
exia were the most frequent grade 1 or 2 treatment-related side 
effects. Overall, there were 12 (29%) cases of grade 3 side effects. 
This study highlights the need for new criteria or modifications 
to existing criteria to assess response with cystostatic angiogenesis 
inhibitors. 

Vandetanib is an oral once-daily selective TKI of key signalling 
pathways in cancer, including VEGFR-2 and epidermal growth 
factor receptor (EGFR). Early clinical trials showed that this agent 
alone or in combination with docetaxel had an acceptable adverse 
effect profile and produced tumour responses.?° In a randomized 
double blinded trial, Vandetanib in combination with docetaxel 
was compared to docetaxel plus placebo in 142 patients with 
advanced urothelial cancer, who progressed on prior platinum- 
based chemotherapy. Median PFS was 2.56 months for the doc- 
etaxel plus vandetanib as compared to 1.58 months for docetaxel 
plus placebo (HR = 1.02;95% CI, 0.69-1.49; p =.9). Overall response 
rate and OS were not different between both arms. Grade 3 or 
higher toxicities were more commonly seen in the docetaxel plus 
vandetanib arm and included rash/photosensitivity (11% vs. 0%) 
and diarrhoea (7% vs. 0%). Among 37 patients who crossed over 
to single-agent vandetanib, overall response rate was 3% and OS 
was 5.2 months.”! 

Antiangiogenic agents are stillin a very preliminary phase of clin- 
ical research in urothelial cancer and although the biological basis 
of angiogenesis in urothelial tumours is well known, their influence 
in the prognosis of these malignancies has yet to be demonstrated. 


Targeting epidermal growth factor receptor 


Many growth factor receptors and ligands have been shown to be 
overexpressed in urothelial cancer including human epidermal 
growth factor receptor 2 (HER2/neu), epidermal growth factor 
receptor (EGFR), and epidermal growth factor. Despite immuno- 
histochemical confirmation of strong expression of EGFR on pre- 
treatment biopsies in a second-line trial with the EGFR inhibitor 
Gefitinib, the median PFS was only two months®? and the same 
drug combined with GC in a phase II trial failed to improve 
response rate as compared to historical controls.*? The absence of 
EGFR mutations at exons 19 to 21 in urothelial carcinoma may be 
responsible of the lack of activity of the EGFR inhibitors.*4 
Her2/neu is variably expressed on urothelial carcinomas and has 
been evaluated as a possible therapeutic target. One study screened 
109 patients with advanced urothelial cancer and found that Her2- 
positive patients (52%) had more metastatic sites and higher 
rates of visceral disease than Her2-negative patients.°° Forty-four 
patients were treated with trastuzumab, paclitaxel, carboplatin, and 
gemcitabine with an overall response rate of 70% with 57% con- 
firmed responses. Median survival was 14.1 months. Toxicities 
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included 93% grade 3-4 myelosuppression, 14% grade 3 sensory 
neuropathy, 22.7% grade 1-3 of cardiotoxicity (4.5% grade 3), and 
three therapy-related deaths. 

Lapatinib, a dual EGFR and HER2 TKI, has been tested in 59 
patients with advanced bladder cancer who progressed after cis- 
platin-based chemotherapy. This study was considered to be 
negative because it did not meet its primary end point (response 
rate) but demonstrated improved OS in a subset of patients with 
tumours overexpressing EGFR and/or HER-2 (30.3 weeks as com- 
pared to 10.6).°° EGFR expression has been demonstrated on 
50% of bladder tumours,” and trials are ongoing with cetuximab 
(NCT00645593). 


New drugs 


Eribulin, a halichondrin B derivative with microtubule inhibitory 
action, showed activity in the first-line treatment setting with a 
34% response rate.?8 In a subsequent phase Ib/II study, eribulin was 
combined with cisplatin and gemcitabine. The recommended phase 
II dose of eribulin in combination with gemcitabine and cisplatin 
was established as 1.0 mg/m?. Eribulin combined with standard 
GC chemotherapy is feasible and has encouraging clinical activity. 
Haematologic toxicity is the main limiting factor.” 

Nab-paclitaxel (ABI-007), an albumin bound nanoparticle for- 
mulation of paclitaxel was tested as a single agent in 40 patients with 
platinum-refractory metastatic urothelial carcinoma. Single-agent 
nab-paclitaxel was well tolerated with a response rate (CR+PR) 
of 33% (12/36) and a clinical benefit rate (CR+PR+SD) of 58% 
(21/36), representing one of the highest reported response rates to 
date in the second-line setting.!°° Future trials are planned. 


Immunotherapy 


Immunotherapy continues to be one of the most rapidly evolv- 
ing fields in oncology. In recent years, numerous immunothera- 
pies have shown efficacy, safety, and durability across a variety of 
tumour types. Not since the days of M- VAC have we observed such 
important, long-lasting results. Bladder cancer is characterized by a 
high mutational load, a great deal of neo-antigens and is, therefore, 
highly immunogenic. Immunotherapy with checkpoint inhibitors 
has become increasingly important in the treatment of advanced 
bladder cancer. 

PD-L1 checkpoint blockade has received FDA approval for meta- 
static urothelial cancer refractory to standard chemotherapy. In 
May 2016, the FDA approved the PD-L1 inhibitor atezolizumab for 
the second-line treatment of patients with advanced or metastatic 
recurrent urothelial cancer, based on a single-arm, phase II study. 
The FDA then granted Breakthrough Therapy Designation in June 
2016 for nivolumab, an anti PD-1 monoclonal antibody based on 
the nivolumab CheckMate 032 study. 

Rosenberg et al. published results on 310 patients in the IMvigor 
210 trial (NCT021086529).!°! Cohort 2 was a phase II study 
of patients who had received >1 platinum-containing regimen. 
Patients were given 1200 mg intravenous atezolizumab every 
21 days until progression. With a median follow-up of 11.7 months 
(95% CI 11.4-12.2), ongoing responses were recorded in 38 (84%) 
of 45 responders. The results led to FDA approval of atezolizumab 
in metastatic urothelial cancer refractory to standard chemother- 
apy. In further analysis of the results, PDL-1 expression, the Cancer 
Genome Atlas (TCGA) subtype (particularly the luminal subgroup) 
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and mutational load were found to be independent predictors of 
response to atezolizumab. The luminal subgroup was associated 
with a more inflamed environment than the basal subtype. The 
luminal subtype was also found to have high Teffector cells and low 
stromal gene expression. Assessment of these characteristics may 
define drivers of immune responses. Further work on the biology of 
immune response to checkpoint inhibits is clearly a priority. 

Meanwhile, Balar et al.!°* reported on atezolizumab as first-line 
treatment in cisplatin-ineligible patients from the same IMvigor 
210 trial, in a single-arm, multicentre, phase 2 trial. There were 123 
patients, of whom 119 received one or more doses of atezolizumab. 
At 17.2 months’ median follow-up, the objective RR was 23% (95% 
CI 16-31), the CR rate was 9% (n = 11), and 19 of 27 responses 
were ongoing. Median response duration was not reached. From 
this portion of the trial, responses occurred across all PD-L1 and 
poor prognostic factor subgroups. Median PFS was 2.7 months 
(2.1-4.2). Median OS was 15.9 months (10.4 to not estimable). 
Tumour mutation load was associated with response. Atezolizumab 
showed encouraging durable response rates, survival, and tolerabil- 
ity, supporting its therapeutic use in untreated metastatic urothelial 
cancer. 

Nivolumab monotherapy has also been evaluated in recur- 
rent metastatic urothelial carcinoma in the CheckMate 032 trial 
(NCT01928394): a multicentre, open-label, two-stage, multiarm, 
phase 1/2 trial by Sharma et al.!°3 This was part of a larger phase I/II 
open-label study of nivolumab monotherapy mg/kg administered 
intravenously every two weeks until disease progression or treat- 
ment discontinuation; or nivolumab combined with ipilimumab in 
subjects with advanced or metastatic solid tumours, in which 78 
patients received single-agent nivolumab. The minimum follow-up 
was nine months (median 15.2 months, IQR 12.9-16.8). A con- 
firmed investigator-assessed objective response was achieved in 19 
(24.4%, 95% CI 15.3-35.4) of 78 patients. 

At the European Society of Medical Oncology (ESMO) Meeting 
(7-11 October 2016; Copenhagen, Denmark 2016, LBA31), 
Galsky et al.!°4 presented (Checkmate 275; NCT02387996) further 
results of of the PD-1 blocking antibody nivolumab in unresect- 
able urothelial cancer patients who had progressed or recurred fol- 
lowing treatment with a platinum agent. 

Enrolment continued until approximately 70 patients with con- 
firmed PD-L1 expression 25% were treated. The CheckMate 275 
trial assessed the activity and safety of nivolumab in 270 patients 
and is the largest phase II study of a PD-1 inhibitor in bladder can- 
cer reported. Patients were treated with nivolumab at 3 mg/kg until 
progression or unacceptable toxicity, and could be treated beyond 
progression under specific circumstances, but PFS was recorded at 
the time of first documented progression. The primary end point 
was objective RR in all treated patients and in patients with tumour 
PD-L1 expression 25%- and also 21% following a protocol amend- 
ment. ORR was defined as the proportion of patients with best 
overall response of confirmed complete (CR) or partial response 
(PR) assessed by a blinded independent review committee, using 
RECIST v1.1 criteria. Secondary end points included progression- 
free survival. Exploratory end points included investigator-assessed 
PFS (RECIST v1.1), safety, patient quality of life, and biomarker 
analyses of peripheral blood and tumour tissue. There was a mini- 
mum follow-up of six months at the time of the database lock. 

Nivolumab resulted in a clinically meaningful objective RR of 
19.6% in all treated patients, as assessed by blinded independent 


review, with 2% of patients achieving CR. Efficacy was observed, 
regardless of baseline tumour PD-L1 expression status, including 
patients with PD-L1 expression less than 1%. The median duration of 
response was not reached, with a minimum follow-up of six months. 
The median PFS was 2 months in all treated patients, 3.5 months 
in the PD-L1 greater than or equal to 1% cohort, and 1.8 months 
in both PD-L1 <1% and PD-L1 <5% cohorts. The median OS was 
8.74 months in all treated patients, with medians ranging from 
5.9 months in the PD-L1 less than 1% cohort, and 11.30 months 
(95% CI: 9.63, N.A.) in those patients with PD-L1 expression equal 
or greater than 1%. These findings, with only a median follow-up of 
7 months, compare favourably to single-agent chemotherapy histor- 
ical control medians for OS of approximately seven months. 

This is the second study to evaluate nivolumab, a PD-1 check- 
point inhibitor as second-line therapy for urothelial cancer. In the 
265 patients evaluated for efficacy, the primary end point of object- 
ive RR was 19.6%. In both patients with tumours expressing higher 
and lower levels of PD-L1 (including those with less than 1% PD- 
L1), the objective RR was above that achieved historically with 
chemotherapy. The results are consistent with the results from the 
nivolumab CheckMate 032 study. The strongest interferon gene sig- 
nature expression occurred in the patients with the basal 1 subtype, 
with expression at least three times higher than other subtypes. 

Based on these findings, the European Medicines Agency (EMA) 
has initiated an official review. Results suggesting that the strong- 
est signature is associated with the basal 1 subtype differ from the 
results presented by Rosenberg et al.!°! with atezolizumab favour- 
ing the luminal subtype in terms of second-line therapy response 
(NCT02108652). This will have to be evaluated further as to which 
specific subtypes benefit most from immunotherapy. 

A Phase III Randomized Clinical Trial of Pembrolizumab (MK- 
3475) Versus Paclitaxel, Docetaxel or Vinflunine in Subjects With 
Recurrent or Progressive Metastatic Urothelial Cancer (KEYNOTE- 
045; NCT02256436) is an open-label trial that was presented by 
Bellmunt et al. at the Society of Immunotherapy of Cancer (SITC 
2016) meeting at National Harbor, MD, 9-13 November 2016.105 

Some 542 patients with advanced urothelial carcinoma of the 
renal pelvis, ureter, bladder, or urethra, with predominantly tran- 
sitional cell carcinoma, with progression after one to two lines of 
platinum-based chemotherapy or recurrence within 12 months of 
perioperative platinum-based therapy were randomized between 
pembrolizumab 200 mg IV Q3W for two years, or the physician's 
choice of either paclitaxel 175 mg/m? Q3W or docetaxel 75 mg/m? 
Q3W or vinflunine 320 mg/m? Q3W. The primary end point was 
OS and PFS in total and PD-L1 combined positive score (CPS) of 
tumour and immune cell PD-L1 expression 210% populations. 

The median OS with pembrolizumab was 10.3 months (8.0-11.8 
months) as compared to 7.4 months (6.1-8.3 months) with chemo- 
therapy (HR = 0.73 (0.59-0.91; p = 0.0022). At 12 months, OS was 
43.9% with pembrolizumab as compared to 30.7% with chemother- 
apy. OS for CPS, which included both tumour and inflammatory 
cells, >10% was 8.0 months (5.0-12.3 months) versus 5.2 months 
(4.0-7.4 months); HR = 0.57 (0.37-0.88, p = 0.0048). There was no 
significant difference in PFS between the two arms. ORR with pem- 
brolizumab was 21.1%. A CR was seen in 7% and a PR in 14.1%. 
With chemotherapy, the ORR was 11.4%, with 3.3% CR and 8.1% 
PR. There was a difference of 9.6% (p = 0.0011). With pembroli- 
zumab 68% had a response 212 months and with chemotherapy, 
35% of patients had a response duration 212 months. 


Pembrolizumab monotherapy reduced the risk of death by 27% 
compared with chemotherapy for patients with advanced urothe- 
lial carcinoma, whose disease progressed after prior treatment. The 
results set another new second-line standard for bladder cancer. 
The adverse event profile for pembrolizumab was consistent with 
previous experience with other similar agents. 

Pembrolizumab was also presented in the phase 2 KEYNOTE-052; 
NCT02335424 study by Balar et al. at ESMO 2016; 7-11 October 
2016; Copenhagen, Denmark.!° This is a phase II study using 
pembrolizumab for first-line treatment in patients with advanced/ 
unresectable (inoperable) or metastatic urothelial cancer who are 
ineligible for cisplatin-based therapy. The primary study objective 
was to determine the objective RR in all participants, in participants 
whose tumours rely on (PD-L1) protein (PD-L1-positive tumours), 
and in participants with strongly PD-L1-positive tumours. 

Preliminary analysis of the first 100 patients enrolled in the 
trial were presented. The primary end point of ORR in PD-L1- 
unselected patients was 24%. The biomarker cut point to identify 
patients most likely to respond to the drug was determined to be 
10% or greater total PD-L1 expression in immune cells or tumour 
cells. Thirty patients had this level of expression, of whom 11 (37%) 
responded to treatment. The median duration of response had not 
yet been reached and treatment was well tolerated. 

Pembrolizumab has substantial activity with a favourable safety 
profile as first-line therapy in cisplatin-ineligible patients with 
metastatic bladder cancer. The biomarker cut point requires valid- 
ation in the full study population, but appears to identify patients 
most likely to respond to pembrolizumab. Immunotherapy is rap- 
idly redefining our treatment approach for patients that are ineli- 
gible for cisplatin-based chemotherapy. 

Other agents such as durvalumab and tremelimumab are being 
evaluated in bladder cancer. The phase III Danube (NCT02516241) 
clinical trial is aiming to move immune single-agent and immune 
combination therapy into the frontline setting in bladder cancer. 
The trial has three arms: chemotherapy versus single-agent dur- 
valumab, versus a combination of durvalumab and tremelimumab. 
The hope is that chemotherapy can be replaced. The estimated 
enrolment of 1005 patients has already been achieved. 

Urothelial cancer is extremely sensitive to checkpoint inhibition 
with both anti PD-1 and anti PD-L1 antibodies. The future seems 
brighter with the advent of these new therapies. 


Conclusions 


Although important progress has been made in the management of 
advanced bladder cancer, 50% of the patients with invasive cancer 
still succumb to their disease. Chemotherapy remains the mainstay 
of treatment of metastatic urothelial carcinoma and cisplatin com- 
bination chemotherapy has to be considered the standard of care in 
patients with good performance status and adequate renal function. 

In patients unfit for cisplatin, carboplatin-based regimens have 
demonstrated activity, but new agents with improved efficacy and 
tolerability may eliminate the need to evaluate patients with meta- 
static urothelial carcinoma in separate cohorts in the future. 

Given the lack of definitive randomized data, there remains no 
well-defined standard of care for second-line chemotherapy for 
metastatic bladder cancer and participation in clinical trials should 
be encouraged. Development of less toxic, more effective agents is 
critical. 
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A better understanding of the molecular biology of bladder can- 
cer will undoubtedly influence the selection of new therapeutic 
modalities. Several signalling pathways are activated in bladder 
urothelial carcinoma, but no targeted therapy, either alone or in 
combination with conventional cytotoxic chemotherapy, has been 
shown to significantly improve treatment outcomes. Whether or 
not this approach to therapy will lead to better results must still 
be determined. The future of metastatic urothelial carcinoma treat- 
ment lies in the ability to deliver personalized therapy. This area 
remains an active research field today and participation in clinical 
trial needs to be prioritized. 


Further reading 


Bajorin DE, Dodd PM, Mazumdar M, et al. Long-term survival in metastatic 
transitional-cell carcinoma and prognostic factors predicting outcome 
of therapy. J Clin Oncol 1999; 17(10):3173-81. 

Bellmunt J, Paz-Ares L, Cuello M, et al. Gene expression of ERCC1 as a 
novel prognostic marker in advanced bladder cancer patients receiving 
cisplatin-based chemotherapy. Ann Oncol 2007; 18(3):522-8. 

Bellmunt J, von der Maase H, Mead GM, et al. Randomized phase iii study 
comparing paclitaxel/cisplatin/ gemcitabine and gemcitabine/cisplatin 
in patients with locally advanced or metastatic urothelial cancer 
without prior systemic therapy: EORTC Intergroup Study 30987. 

J Clin Oncol 2012; 30(10):1107-13. 

Bellmunt Molins J, von der Maase H, Theodore C, et al. Phase III trial of vinflunine 
plus best supportive care compared with best supportive care alone after 
a platinum-containing regimen in patients with advanced transitional cell 
carcinoma of the urothelial tract. J Clin Oncol 2009; 27(27):4454-61. 

De Santis M, Bellmunt J, Mead G, et al. Randomized phase II/II trial 
assessing gemcitabine/carboplatin and methotrexate/carboplatin/ 
vinblastine in patients with advanced urothelial cancer who are unfit 
for cisplatin-based chemotherapy: EORTC study 30986. J Clin Oncol 
2012; 30(2):191-9. 

Galsky MD, Chen GJ, Oh WK, et al. Comparative effectiveness of cisplatin- 
based and carboplatin-based chemotherapy for treatment of advanced 
urothelial carcinoma. Ann Oncol 2012; 23(2):406-10. 

Galsky MD, Hahn NM, Rosenberg JE, et al. Treatment of patients with 
metastatic urothelial cancer “unfit” for cisplatin-based chemotherapy. 
J Clin Oncol 2011; 29(17):2432-8. 

Iyer G, Hanrahan AJ, MIlowsky MI, et al. Genome sequencing identifies a 
basis for everolimus sensitivity. Science 2012; 338(6104):221. 

Sternberg CN, de Mulder P, Schornagel JH, et al. Seven year update of an 
EORTC phase III trial of high dose intensity M-VAC chemotherapy 
and G-CSF versus classic M-VAC in advanced urothelial tract tumors 
(EORTC protocol 30924). Eur J Cancer 2006; 42(1):50-4. 

Sternberg CN, Yagoda A, Scher HI, et al. M-VAC (methotrexate, vinblastine, 
doxorubicin and cisplatin) for advanced transitional cell carcinoma of 
the bladder. J Urol 1988; 139:461-9. 

von der Maase H, Hansen SW, Roberts JT, et al. Gemcitabine and cisplatin 
versus methotrexate, vinblastine, doxorubicin, and cisplatin in 
advanced or metastatic bladder cancer: results of a large, randomized, 
multinational, multicenter, phase III study. J Clin Oncol 2000; 
18(17):3068-77. 

Williams PD, Cheon S, Havaleshko DM, et al. Concordant gene expression 
signatures predict clinical outcomes of cancer patients undergoing 
systemic therapy. Cancer Res 2009; 69(21):8302-9. 


References 


1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA Cancer 
J Clin 2012; 61(1):10-29. 

2. Chavan S, Bray F, Lortet-Teulent J, Goodman MM, Jemal A. 
International variations in bladder cancer incidence and mortality. Eur 
Urol 2014; 66(1):59-73. 


665 


666 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


SECTION 6 ONCOLOGY 


Rosenberg JE, Carroll PR, Small EJ. Update on chemotherapy for 
advanced bladder cancer. J Urol 2005; 174(1):14-20. 

Sternberg CN, Yagoda A, Scher HI, et al. M-VAC (methotrexate, 
vinblastine, doxorubicin and cisplatin) for advanced transitional cell 
carcinoma of the bladder. J Urol 1988; 139:461-9. 

Loehrer PJ Sr, Einhorn LH, Elson PJ, et al. A randomized comparison 
of cisplatin alone or in combination with methotrexate, vinblastine, 
and doxorubicin in patients with metastatic urothelial carcinoma: a 
cooperative group study. J Clin Oncol 1992; 10(7):1066-73. 

Geller NL, Sternberg CN, Penenberg D, Scher H, Yagoda A. Prognostic 
factors for survival of patients with advanced urothelial tumors 

treated with methotrexate, vinblastine, doxorubicin, and cisplatin 
chemotherapy. Cancer 1991; 67:1525-31. 

Saxman SB, Propert KJ, Einhorn LH, et al. Long-term follow-up of a 
phase III intergroup study of cisplatin alone or in combination with 
methotrexate, vinblastine, and doxorubicin in patients with metastatic 
urothelial carcinoma: a cooperative group study. J Clin Oncol 1997; 
15(7):2564-9, 

Bajorin DE, Dodd PM, Mazumdar M, et al. Long-term survival 

in metastatic transitional-cell carcinoma and prognostic factors 
predicting outcome of therapy. J Clin Oncol 1999; 17(10):3173-81. 
Bellmunt J, Albanell J, Paz-Ares L, et al. pretreatment prognostic 
factors for survival in patients with advanced urothelial tumors treated 
in a phase i/ii trial with paclitaxel, cisplatin, and gemcitabine. Cancer 
2002; 95(4):751-7. 

Sternberg CN, Yagoda A, Scher HI, et al. M-VAC for advanced 
transitional cell carcinoma of the urothelium: Efficacy, and patterns of 
response and relapse. Cancer 1989; 64:2448-58. 

Logothetis CJ, Dexeus F Finn L, et al. A prospective randomized trial 
comparing CISCA to MVAC chemotherapy in advanced metastastic 
urothelial tumors. J Clin Oncol 1990; 8:1050-5. 

Sternberg C, de Mulder P, van Oosterom AT, et al. Escalated M-VAC 
chemotherapy and recombinant human granulocyte macrophage 
colony stimulating factor (GM-CSF) in patients with advanced 
urothelial tract tumors. Ann Oncol 1993; 4(5):403-7. 

Loehrer PJ, Elson P, Dreicer R, et al. A phase I-II study: escalated 
dosages of methotrexate (M), vinblastine (V), doxorubicin (A), and 
cisplatin (C) plus rhG-CSF in advanced urothelial carcinoma: An 
ECOG trial. Proc Amer Soc Clin Onc 1992; 11:201. 

Logothetis C, Finn L, Amato R, Hossan E, Sella A. Escalated (ESC) 
MVAC +/- rhGM-CSF (Schering-Plough) in metastatic transitional cell 
carcinoma (TCC): Preliminary results of a randomized trial. Proc Amer 
Soc Clin Onc 1992; 11:202. 

Seidman AD, Scher HI, Gabrilove JL, et al. Dose-intensification of 
methotrexate, vinblastine, doxorubicin, and cisplatin with recombinant 
granulocyte-colony stimulating factor as initial therapy in advanced 
urothelial cancer. J Clin Oncol 1992; 11:414-20. 

Sternberg CN, de Mulder PHM, Schornagel JH, et al. Randomized phase 
iii trial of high dose intensity methotrexate, vinblastine, doxorubicin, and 
cisplatin (MVAC) chemotherapy and recombinant human granulocyte 
colony-stimulating factor versus classic MVAC in advanced urothelial 
tract tumors: European Organization for Research and Treatment of 
Cancer. Protocol No. 30924. J Clin Oncol 2001; 19(10):2638-46. 
Sternberg CN, de Mulder P, Schornagel JH, et al. Seven year update of 
an EORTC phase III trial of high dose intensity M- VAC chemotherapy 
and G-CSF versus classic M-VAC in advanced urothelial tract tumors 
(EORTC protocol 30924). Eur J Cancer 2006; 42(1):50-4. 

Sternberg CN. Gemcitabine in bladder cancer. Sem Oncol 2000; 27(1) 
(Suppl 2):31-9. 

Lorusso V, Pollera CF, Antimi M, et al. A phase II study of gemcitabine 
in patients with transitional cell carcinoma of the urinary tract 
previously treated with platinum. Eur J Cancer 1998; 34(8):1208-12. 
Moore MJ, Tannock IF, Ernst DS, Huan S, Murray N. Gemcitabine: a 
promising new agent in the treatment of advanced urothelial cancer. 
J Clin Oncol 1997; 15 (12):3441-5. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


Stadler WM, Kuzel T, Roth B, Raghavan D, Dorr FA. Phase II study 

of single-agent gemcitabine in previously untreated patients with 
metastatic urothelial cancer. J Clin Oncol 1997; 15(11):3394-8. 

Gebbia V, Testa A, Borsellino N, et al. Single agent 2;2’- 
difluorodeoxycytidine in the treatment of metastatic urothelial 
carcinoma: a phase II study. Clin Ter 1999; 150(1):11-5. 

von der Maase H. Gemcitabine and cisplatin in locally advanced and/ 
or metastatic blaccer cancer. Eur J Cancer 2000; 36(Suppl 2):13-6. 
Kaufman D, Raghavan D, Carducci M, et al. Phase II trial of 
gemcitabine (G) and paclitaxel (P) in patients with metastatic 
urothelial cancer. J Clin Oncol 2000; 18(9):1921-7. 

Lorusso V, Manzione L, De Vita F, Antimi M, Selvaggi FP, 

De Lena M. gemcitabine plus cisplatin for advanced transitional cell 
carcinoma of the urinary tract: a phase ii multicenter trial. J Urol 2000; 
164(1):53-6. 

Moore MJ, Winquist EW, Murray N, et al. Gemcitabine plus cisplatin, 
an active regimen in advanced urothelial cancer: a phase ii trial of 

the national cancer institute of canada trials group. J Clin Oncol 1999; 
17(9):2876-81. 

von der Maase H, Hansen SW, Roberts JT, et al. Gemcitabine and 
cisplatin versus methotrexate, vinblastine, doxorubicin, and cisplatin in 
advanced or metastatic bladder cancer: results of a large, randomized, 
multinational, multicenter, phase III study. J Clin Oncol 2000; 
18(17):3068-77. 

von der Maase H, Sengelov L, Roberts JT, et al. Long-term survival 
results of a randomized trial comparing gemcitabine plus cisplatin, 
with methotrexate, vinblastine, doxorubicin, plus cisplatin in patients 
with bladder cancer. J Clin Oncol 2005; 23(21):4602-8. 

Bellmunt J, Guillem V, Paz-Ares L, et al. Phase I-II study of paclitaxel, 
cisplatin, and gemcitabine in advanced transitional-cell carcinoma of 
the urothelium. J Clin Oncol 2000; 18(18):3247-55. 

Bellmunt J, von der Maase H, Mead GM, et al. Randomized phase iii 
study comparing paclitaxel/cisplatin/ gemcitabine and gemcitabine/ 
cisplatin in patients with locally advanced or metastatic urothelial 
cancer without prior systemic therapy: EORTC Intergroup Study 
30987. J Clin Oncol 2012; 30(10):1107-13. 

Bamias A, Aravantinos G, Deliveliotis C. Docetaxel and cisplatin with 
granulocyte colony-stimulating factor (G-CSF) versus M-VAC with 
G-CSF in advanced urothelial carcinoma: a multicenter, randomized, 
phase III study from the Hellenic Cooperative Oncology Group. J Clin 
Oncol 2004; 22:220-8. 

Bamias A, Dafni U, Karadimou A, et al. Prospective, open-label, 
randomized, phase III study of two dose-dense regimens MVAC 
versus gemcitabine/cisplatin in patients with inoperable, metastatic or 
relapsed urothelial cancer: a Hellenic Cooperative Oncology Group 
study (HE 16/03). Ann Oncol 2013; 24(4):1011-7. 

Petrioli R, Frediani B, Manganelli A, et al. Comparison between a 
cisplatin-containing regimen and a carboplatin-containing regimen for 
recurrent or metastatic cancer patients: A randomized phase II study. 
Cancer 1996; 77:344-51. 

Bellmunt J, Ribas A, Eres N, et al. Carboplatin-based versus cisplatin- 
based chemotherapy in the treatment of surgically incurable advanced 
bladder carcinoma. Cancer 1997; 80:1966-72. 

Dreicer R, Manola J, Roth BJ, et al. Phase III trial of methotrexate, 
vinblastine, doxorubicin, and cisplatin versus carboplatin and 
paclitaxel in patients with advanced carcinoma of the urothelium. 
Cancer 2004; 100(8):1639-45. 

Dogliotti L, Carteni G, Siena S, et al. Gemcitabine plus cisplatin versus 
gemcitabine plus carboplatin as first-line chemotherapy in advanced 
transitional cell carcinoma of the urothelium: results of a randomized 
phase 2 trial. Eur Urol 2007; 52(1):134-41. 

Small EJ, Lew D, Redman BG, et al. Southwest oncology group study of 
paclitaxel and carboplatin for advanced transitional cell carcinoma: the 
importance of survival as a clinical trial end point. J Clin Oncol 2000; 
18(13):2537-44. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51, 


52. 


53. 


54. 


55. 


Redman BG, Smith DC, Flaherty L, Du W, Hussain M. Phase II trial 
of paclitaxel and carboplatin in the treatment of advanced urothelial 
carcinoma. J Clin Oncol 1998; 16(5):1844-8. 

Vaughn DJ, Malkowicz SB, Zoltick B, et al. Paclitaxel plus carboplatin 
in advanced carcinoma of the urothelium: an active and tolerable 
outpatient regiment. J Clin Oncol 1998; 16(1):255-60. 

Pycha A, Grbovic M, Posch B, et al. Paclitaxel and carboplatin in 
patients with metastatic transitional cell cancer of the urinary tract. 
Urology 1999; 53(3):510-5. 

Vaughn DJ, Manola J, Dreicer R, See W, Levitt R, Wilding G. Phase 

II study of paclitaxel plus carboplatin in patients with advanced 
carcinoma of the urothelium and renal dysfunction (E2896): a trial of 
the Eastern Cooperative Oncology Group. Cancer 2002; 95(5):1022-7. 
Galsky MD, Chen GJ, Oh WK, et al. Comparative effectiveness of 
cisplatin-based and carboplatin-based chemotherapy for treatment of 
advanced urothelial carcinoma. Ann Oncol 2012; 23(2):406-10. 

Dodd PM, McCaffrey JA, Hilton S, et al. Phase I evaluation of 
sequential doxorubicin gemcitabine then ifosfamide paclitaxel cisplatin 
for patients with unresectable or metastatic transitional cell carcinoma 
of the urothelial tract. J Clin Oncol 2000; 18(4):840-6. 

Maluf FC, Hilton S, Nanus DM, et al. Sequential doxorubicin/ 
gemcitabine (AG) and ifosfamide, paclitaxel and cisplatin (ITP) 
chemotherapy (AG-ITP) in patients (Pts) with metastatic or locally 
advanced transitional cell carcinoma of the urothelium (TCC). Proc 
Am Soc Clin Oncol 2000;19:342a. 

Mllowsky MI, Nanus DM, Maluf FC, et al. Final results of sequential 
doxorubicin plus gemcitabine and ifosfamide, paclitaxel and cisplatin 
chemotherapy in patients with metastatic or locally advanced transitional 
cell carcinoma of the urothelium. J Clin Oncol 2009; 27(25):4062-7. 
Galsky MD, Iasonos A, Mironov S, Scattergood J, Boyle MG, Bajorin 
DE Phase II trial of dose-dense doxorubicin plus gemcitabine followed 
by paclitaxel plus carboplatin in patients with advanced urothelial 
carcinoma and impaired renal function. Cancer 2007; 109(3):549-55. 
Artz A, Stadler WM, Vogelzang NJ, Zimmerman T, Ryan C. A phase 
II trial of sequential chemotherapy with docetaxel and methotrexate 
followed by gemcitabine and cisplatin for metastatic urothelial cancer. 
Am J Clin Oncol 2005; 28(2):109-13. 

Rothenberg ML, Sharma A, Weiss GR, et al. Phase I trial of paclitaxel 
and gemcitabine administered every two weeks in patients with 
refractory solid tumors. Ann Oncol 1998; 9(7):733-8. 

Sternberg CN, Calabro F, Pizzocaro G, Marini L, Schnetzer S, Sella 

A. Chemotherapy with every-2-week gemcitabine and paclitaxel in 
patients with transitional cell carcinoma who have received prior 
cisplatin-based therapy. Cancer 2001; 92(12):2993-8. 

Fechner GH, Siener R, Reimann M, et al. Randomized phase II trial 
of gemcitabine and paclitaxel with or without maintenance treatment 
in patients with cisplatin refractory transitional cell carcinoma. J Urol 
2002; 167(4 Suppl):284. 

Meluch AA, Greco FA, Burris HA, et al. Paclitaxel and gemcitabine 
chemotherapy for adanced transitional-cell carcinoma of the 
urothelial tract: a Phase II trial of the Minnie Pearl Cancer Research 
Network. J Clin Oncol 2001; 19(12):3018-24. 

Calabro F Lorusso V, Rosati G, et al. Gemcitabine and paclitaxel every 
2 weeks in patients with previously untreated urothelial carcinoma. 
Cancer 2009; 115(12):2652-9. 

Gitlitz BJ, Baker C, Chapman Y, et al. A phase II study of gemcitabine 
and docetaxel therapy in patients with advanced urothelial carcinoma. 
Cancer 2003; 98(9):1863-9. 

Linardou H, Aravantinos G, Efstathiou E, et al. Gemcitabine and 
carboplatin combination as first-line treatment in elderly patients and 
those unfit for cisplatin-based chemotherapy with advanced bladder 
carcinoma: Phase II study of the Hellenic Co-operative Oncology 
Group. Urology 2004; 64(3):479-84. 

Bellmunt J, de Wit R, Albanell J, Baselga J. A feasibility study of 
carboplatin with fixed dose of gemcitabine in ‘unfit’ patients with 
advanced bladder cancer. Eur J Cancer 2001; 37(17):2212-5. 


CHAPTER 6.22 TREATMENT OF METASTATIC BLADDER CANCER 


56. 


S/s 


58. 


59. 


60. 


6l. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


Galsky MD, Hahn NM, Rosenberg JE, et al. Treatment of patients with 
metastatic urothelial cancer “unfit” for cisplatin-based chemotherapy. 
J Clin Oncol 2011; 29(17):2432-8. 

Carles J, Nogue M, Domenech M, et al. Carboplatin-gemcitabine 
treatment of patients with transitional cell carcinoma of the bladder 
and impaired renal function. Oncology 2000; 59(1):24-7. 

De Santis M, Bellmunt J, Mead G, et al. Randomized phase II/III trial 
assessing gemcitabine/carboplatin and methotrexate/carboplatin/ 
vinblastine in patients with advanced urothelial cancer who are unfit 
for cisplatin-based chemotherapy: EORTC study 30986. J Clin Oncol 
2012; 30(2):191-9. 

Morales-Barrera R, Bellmunt J, Suarez C, Valverde C, Guix M, Serrano 
C. Cisplatin and gemcitabine administered every two weeks in patients 
with locally advanced or metastatic urothelial carcinoma and impaired 
renal function. Eur J Cancer 2012; 48(12):1816-21. 

Bellmunt J, Chow WH, Fougeray R, et al. Prognostic factors in 
patients with advanced transitional cell carcinoma of the urothelial 
tract experiencing treatment failure with platinum-containing 
regimens. J Clin Oncol 2010; 28(11):1850-5. 

Vaughn DJ, Broome CM, Hussain M, Gutheil JC, Markowitz AB. Phase 
II trial of weekly paclitaxel in patients with previously treated advanced 
urothelial cancer. J Clin Oncol 2002; 20(4):937-40. 


. Sweeney CJ, Roth BJ, Kabbinavar FF, et al. Phase II study of 


pemetrexed for second-line treatment of transitional cell cancer of the 
urothelium. J Clin Oncol 2006; 24(21):3451-7. 

Witte RS, Elson P, Bono B, et al. Eastern Cooperative Group phase 

II trial of ifosfamide in the treatment of previously treated advanced 
urothelial carcinoma. J Clin Oncol 1997; 15(2):589-93. 

Galsky MD, Mironov S, Iasonos A, Scattergood J, Boyle MG, Bajorin 
DE Phase II trial of pemetrexed as second-line therapy in patients 
with metastatic urothelial carcinoma. Invest New Drugs 2007; 
25(3):265-70. 

Pectasides D, Aravantinos G, Kalofonos H, et al. Combination 
chemotherapy with gemcitabine and ifosfamide as second-line 
treatment in metastatic urothelial cancer. A phase II trial conducted 

by the Hellenic Cooperative Oncology Group. Ann Oncol 2001; 
12(10):1417-22. 

Kattan J, Culine S, Theodore C, Droz JP. Second-line M-VAC therapy 
in patients previously treated with the M-VAC regimen for metastatic 
urothelial cancer. Ann Oncol 1993; 4(9):793-4. 

Bennouna J, Fumoleau P, Armand JP, et al. Phase I and 
pharmacokinetic study of the new vinca alkaloid vinflunine 
administered as a 10-min infusion every 3 weeks in patients with 
advanced solid tumours. Ann Oncol 2003; 14(4):630-7. 

Delord JP, Stupp R, Pinel M, Nguyen L, Vermorken J. Phase I study 

of Vinflunine given as a 10 minute intravenous infusion on a weekly 
schedule in patients with advanced solid tumours. Proc Annu Meet Am 
Soc Clin Oncol 2001; 20:11 1a. 

Johnson P, Geldart T, Fumoleau P, Pinel MC, Nguyen L, Judson I. 
Phase I study of vinflunine administered as a 10-minute infusion on 
days 1 and 8 every 3 weeks. Invest New Drugs 2006; 24(3):223-31. 
Culine S, Theodore C, De Santis M, et al. A phase II study of vinflunine 
in bladder cancer patients progressing after first-line platinum- 
containing regimen. Br J Cancer 2006; 94(10):1395-401. 

Bellmunt Molins J, von der Maase H, Theodore C, et al. Phase III trial 
of vinflunine plus best supportive care compared with best supportive 
care alone after a platinum-containing regimen in patients with 
advanced transitional cell carcinoma of the urothelial tract. J Clin 
Oncol 2009; 27(27):4454-61. 

Bellmunt J, Paz-Ares L, Cuello M, et al. Gene expression of ERCC1 as a 
novel prognostic marker in advanced bladder cancer patients receiving 
cisplatin-based chemotherapy. Ann Oncol 2007; 18(3):522-8. 

Guix M, Lema L, Lloreta J, et al. Excision repair cross-complementing 
1 (ERCC1) and survival in advanced bladder cancer: Confirmatory 
results using immunohistochemistry. Proc Annu Meet Am Soc Clin 
Oncol 2009; 27(15s). 


667 


668 


74. 


T 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


SECTION 6 ONCOLOGY 


Font A, Taron M, Gago JL, et al. BRCA1 mRNA expression and 
outcome to neoadjuvant cisplatin-based chemotherapy in bladder 
cancer. Ann Oncol 2011; 22(1):139-44. 

Tada Y, Wada M, Kuroiwa K, et al. MDR1 gene overexpression and altered 
degree of methylation at the promoter region in bladder cancer during 
chemotherapeutic treatment. Clin Cancer Res 2000; 6(12):4618-27. 
Hoffmann AC, Wild P, Leicht C, et al. MDR1 and ERCC1 expression 
predict outcome of patients with locally advanced bladder cancer 
receiving adjuvant chemotherapy. Neoplasia 2010; 12:628-36. 
Takata R, Katagiri T, Kanehira M, et al. Predicting response to 
methotrexate, vinblastine, doxorubicin, and cisplatin neoadjuvant 
chemotherapy for bladder cancers through genome-wide gene 
expression profiling. Clin Cancer Res 2005; 11:2625-36. 

Takata R, Katagiri T, Kanehira M, et al. Validation study of the 
prediction system for clinical response of M-VAC neoadjuvant 
chemotherapy. Cancer Sci 2007; 98(1):113-7. 

Lee JK, Havaleshko DM, Cho H, et al. A strategy for predicting 

the chemosensitivity of human cancers and its application to drug 
discovery. Proc Natl Acad Sci U S A 2007; 104:13086-91. 

Williams PD, Cheon S, Havaleshko DM, et al. Concordant 

gene expression signatures predict clinical outcomes of 

cancer patients undergoing systemic therapy. Cancer Res 2009; 
69(21):8302-9. 

Iyer G, Hanrahan AJ, Mllowsky MI, et al. Genome sequencing identifies 
a basis for everolimus sensitivity. Science 2012; 338(6104):221. 

Hahn NM, Stadler WM, Zon RT, et al. Phase II trial of cisplatin, 
gemcitabine, and bevacizumab as first-line therapy for metastatic 
urothelial carcinoma: Hoosier Oncology Group GU 04-75. J Clin 
Oncol 2011; 29(12):1525-30. 

Sridhar SS, Winquist E, Eisen A, et al. A phase II trial of sorafenib in 
first-line metastatic urothelial cancer: a study of the PMH Phase II 
Consortium. Invest New Drugs 2011; 29(5):1045-9. 

Dreicer R, Li H, Stein M, et al. Phase II trial of sorafenib in patients 
with advanced urothelium cancer: A trial of the Eastern Cooperative 
Oncology Group. Cancer 2009; 115(18):4090-5. 

Gallagher DJ, MIlowsky MI, Gerst SR, et al. Phase II study of 
sunitinib in patients with metastatic urothelial cancer. J Clin Oncol 
2010; 28(8):1373-9. 

Bellmunt J, Maroto P, Mellado B, et al. Phase II study of sunitinib 

as first line treatment in patients with advanced urothelial cancer 
ineligible for cisplatin-based chemotherapy. Genitourinary Cancer 
Symposium, 2008. 

Grivas P, Nanus DM, Stadler WM, et al. Randomized phase II 

trial of maintenance sunitinib versus placebo following response 

to chemotherapy (CT) for patients (pts) with advanced urothelial 
carcinoma (UC). Genitourinary Cancer Symposium. J Clin Oncol 
2012; 30(Suppl 5; abstr 265). 

Galsky MD, Hahn NM, Powles T, Hellerstedt BA, Lerner SP, Gardner 
TA. Gemcitabine, cisplatin and sunitinib for metastatic urothelial 
carcinoma and as preoperative therapy for muscle-invasive bladder 
cancer. Clin Genitourin Cancer 2013; 11(2):175-81. 

Necchi A, Mariani L, Zaffaroni N, et al. Pazopanib in advanced and 
platinum-resistant urothelial cancer: an open-label, single group, 
phase 2 trial. Lancet Oncol 2012; 13(8):810-6. 

Morabito A, Piccirillo MC, Falasconi F, et al. Vandetanib (ZD6474), 
a dual inhibitor of vascular endothelial growth factor receptor 
(VEGER) and epidermal growth factor receptor (EGFR) tyrosine 
kinases: current status and future directions. Oncologist 2009; 
14(4):378-90. 

Choueiri TK, Ross RW, Jacobus S, et al. Double-blind, randomized 
trial of docetaxel plus vandetanib versus docetaxel plus placebo in 
platinum-pretreated metastatic urothelial cancer. J Clin Oncol 2012; 
30(5):507-12. 

Petrylak DP, Tangen CM, Van Veldhuizen PJ Jr, et al. Results of the 
Southwest Oncology Group phase II evaluation (study S0031) of 


93. 


94. 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


ZD1839 for advanced transitional cell carcinoma of the urothelium. 
BJU Int 2010; 105(3):317-21. 

Philips G, Halabi S, Sanford BL, Bajorin D, Small EJ, Cancer and 
Leukemia Group B. A Phase II trial of cisplatin (C), gemcitabine 

(G) and gefitinib for advanced urothelial carcinoma: Results of 
Cancer and Luekemia Group B (CALGB) 90102. Ann Oncol 2009; 
10(6):1074-9. 

Chaux A, Cohen JS, Schultz L, et al. High epidermal growth factor 
receptor immunohistochemical expression in urothelial carcinoma of 
the bladder is not associated with EGFR mutations in exons 19 and 
21: a study using formalin-fixed, paraffin-embedded archival tissues. 
Hum Pathol 2012; 43(10):1590-5. 

Hussain MH, MacVicar GR, Petrylak DP, et al. Trastuzumab, 
paclitaxel, carboplatin, and gemcitabine in advanced human 
epidermal growth factor receptor-2/neu-positive urothelial 
carcinoma: results of a multicenter phase II National Cancer Institute 
trial. J Clin Oncol 2007; 25(16):2118-24. 

Wuelfing C, Machiels J, Richel D, et al. A single arm, multicenter, 
open label, phase II study of lapatinib as second-line treatment of 

pts with locally advanced or metastatic transitional cell carcinoma. 
Cancer 2009; 115(13):2881-90. 

Neal DE, Sharples L, Smith K, Fennelly J, Hall RR, Harris AL. The 
epidermal growth factor receptor and the prognosis of bladder cancer. 
Cancer 1990; 65(7):1619-25. 

Quinn DI, Aparicio A, Tsao-Wei DD, et al. Phase II study of eribulin 
(E7389) in patients (pts) with advanced urothelial cancer (UC)-Final 
report: A California Cancer Consortium-led NCI/CTEP-sponsored 
trial. J Clin Oncol 2010; 28(15s) (Suppl; abstr 4539). 

Vogelzang NJ, Conkling P, Duran I, et al. Phase Ib/II study of 
eribulin mesylate administered in combination with gemcitabine/ 
cisplatin as first-line therapy for locally advanced or metastatic 
bladder cancer: Phase Ib results. J Clin Oncol 2012; 30(Suppl 5; 

abstr 273). 

Sridhar SS, Canil CM, Mukherjee SD, et al. A phase II study of single- 
agent nab-paclitaxel as second-line therapy in patients with metastatic 
urothelial carcinoma. Genitourinary Cancer Symposium, 2010. J Clin 
Oncol 2010; 28(15):TPS231. 

Rosenberg JE, Hoffman-Censits J, Powles T, et al. Atezolizumab in 
patients with locally advanced and metastatic urothelial carcinoma 
who have progressed following treatment with platinum-based 
chemotherapy: a single-arm, multicentre, phase 2 trial. Lancet 2016; 
387(10031):1909-20. 

Balar AV, Galsky MD, Rosenberg JE, et al. Atezolizumab as first-line 
treatment in cisplatin-ineligible patients with locally advanced and 
metastatic urothelial carcinoma: a single-arm, multicentre, phase 2 
trial. Lancet 2016; 387(10031):1909-20. 

Sharma P, Callahan MK, Bono P, et al. Nivolumab monotherapy 

in recurrent metastatic urothelial carcinoma (CheckMate 032): a 
multicentre, open-label, two-stage, multi-arm, phase 1/2 trial. Lancet 
Oncol 2017; 17(11):1590-8. 

Galsky MD, Retz M, Siefker-Radtke AO, et al. Efficacy and safety 

of nivolumab monotherapy in patients with metastatic urothelial 
cancer (mUC) who have received prior treatment: Results from 

the phase II CheckMate 275 study. Ann Oncol 2016; 27(Suppl 6) 
(LBA31):vi552-87. 

Bellmunt J, de Wit R, Vaughn DJ, et al. A Phase III Randomized 
Clinical Trial of Pembrolizumab (MK-3475) Versus Paclitaxel, 
Docetaxel or Vinflunine in Subjects With Recurrent or Progressive 
Metastatic Urothelial Cancer (KEYNOTE-045; NCT02256436). 
Society of Immunotherapy of Cancer (SITC 2016) meeting at 
National Harbor, MD. 9-13 November 2016. 

Balar A, Bellmunt J, O'Donnell PH, et al. Pembrolizumab (pembro) as 
first-line therapy for advanced/unresectable or metastatic urothelial 
cancer: Preliminary results from the phase 2 KEYNOTE-052 study. 
Ann Oncol 2016; 27(Suppl 6)(LBA32):vi552-87. 


CHAPTER 6.23 


Squamous cell bladder cancer 


Roman Mayr and Maximilian Burger 


Introduction to squamous cell 
bladder cancer 


In the developed countries, over 90% of all bladder cancer cases 
are urothelial carcinomas, with squamous cell carcinoma (SCC), 
adenocarcinomas, and rare types of bladder cancer comprising the 
remaining 10% of bladder cancer cases.! In Western regions pure 
SCC of the bladder constitutes 1.2-4.5% of all bladder tumours.?-> 
SCC can occur in both non-bilharzial and bilharzial bladders; 
the two subtypes differ in epidemiology, pathogenesis, and clin- 
ical outcome. SCC in the bilharzial bladder is an endemic disease 
in many regions of the Middle East, Africa, Southeast Asia, and 
South America. The highest incidence of schistosomiasis-associ- 
ated bladder cancer in men is observed in Egypt (19/100.000).° In 
an Egyptian radical cystectomy series, SCC represented 59% of all 
specimens.’ The non-bilharzial type occurs in the developed coun- 
tries and represents less than 5% of all bladder tumours; it occurs 
most often in the seventh decade of life, where patients usually pre- 
sent with painless haematuria, with no previous history of blad- 
der cancer. The knowledge of SCC of the bladder is nevertheless 
important due to different aetiology, clinical pathways, and clinical 
outcome. 


Histophathology 


Keratinization and/or intercellular bridges are classical mor- 
phological features found in squamous differentiation. SCC of 
the bladder is defined as a malignant neoplasm derived from 
the urothelium that shows a pure squamous cell phenotype®-!° 
(see Fig. 6.23.1). When urothelial elements (including urothe- 
lial carcinoma in situ) are present, the tumour should be classi- 
fied as urothelial carcinoma with squamous differentiation. The 
diagnosis of SCC is reserved for bladder cancers that are com- 
posed of entirely keratin-forming carcinoma cells.!! Keratinizing 
squamous metaplasia may be present in the adjacent epithe- 
lium in cases of SCC of the bladder and frequently shows the 
full spectrum of dysplastic lesion and/or carcinoma in situ. 
Invasive SCC of the bladder displays a range of differentiation, 
from well differentiated to poorly differentiated, with a histologic 
spectrum that can vary from well-defined islands of squamous 
cells with keratinization, prominent intercellular bridges, and 
minimal nuclear pleomorphism, to tumours exhibiting marked 
nuclear pleomorphism and only focal evidence of squamous dif- 
ferentiation. The histological grading is based on the amount of 
keratinization and the degree of nuclear pleomorphism using a 


Fig. 6.23.1 Histological slides of non-bilharzial squamous cell carcinom (A) and bilharziosis of the bladder (B). Non-bilharzial squamous cell carcinoma of the 
bladder (A): squamous epithelial (SE) and transition epithelial (TE) are visualized with black arrows. Invasive squamous cell carcinoma (SCC) infiltrating the 
subconective tissue. Bladder bilharziasis (B): histological photographs of a bladder with S. hematobium infection, showing calcified parasite eggs (arrow) sorrounded 


by granulomas. 


Reproduced with kind permission of Dr Reinhard Kluge and Dr Esther Hanspeter, Department of Pathology, and Chairman, Dr Guido Mazzoleni, Central Hospital of Bolzano, Italy. 
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three-tiered system (Grade 1-3).?!? About 20% of urothelial car- 
cinomas contain areas of squamous or glandular differentiation. 
Its frequency depends on stage and grade. Tumours with any 
identifiable urothelial element are classified as urothelial carcin- 
oma with squamous differentiation, and an estimate of the per- 
centage of squamous component should be provided. However, 
recognition of squamous differentiation in a non-keratinizing 
or poorly differentiated invasive carcinoma is often difficult. 
Immunohistochemistry using CK14, Mac 387, and CK20 may 
help. Urothelial carcinoma is typically CK20 positive and is nega- 
tive for CK 14 and Mac 387.!3-!5 Areas showing squamous differ- 
entiation, both keratinizing and non-keratinizing, are typically 
CK14 positive, Mac387 positive, and negative for CK20. 


Aetiology 


SCC can occur in both non-bilharzial and bilharzial bladders. These 
two subtypes differ in epidemiology, pathogenesis, and clinico- 
pathological features. Differences of the characteristics associated 
with non-bilharzial and bilharzial SCC are listed in Table 6.23.1.16 


Bilharzial squamous cell bladder cancer 


Bilharziasis is an endemic disease in many regions of the Middle 
East, Africa, Southeast Asia, and South America, secondary to 
schistosomiasis. Schistosomes have a typical trematode vertebrate- 
invertebrate lifecycle, with humans being the definitive host (see 
Fig. 6.23.2). Globally, an estimated 207 million people are currently 
infected, and more than 90% of them live in Africa. The highest 
incidence of the bilharzial bladder is in Egypt. Moreover, an esti- 
mated 700 million people are at risk with an annual death of about 
20,000 people.!”!8 The mean age of patients affected from bilhar- 
zial cancer is 10-20 years lower than in non-bilharzial cancer. 


The latency period between initial infestation with bilharziasis and 
the subsequent development of bladder cancer is about 30 years. 
A male predominance is observed, probably due to the increased 
exposure of males to schistosome infestation from work within 
infested fields.?° 

The aetiology of bladder carcinogenesis is probably related to 
bacterial and viral infections, commonly associated with bilhar- 
zial infestation, rather than the parasite itself.2! Urinary bacteria 
have a double action: (a) the secretion of 8-glucoronidase enzyme 
which may clear conjugated carcinogens, yielding free carcino- 
genic product; and (b) the production of carcinogenic nitrosa- 
mines from their precursors in urine.?? HPV may play a role in 
the carcinogenesis as it was detected in nearly a quarter of cases of 
bilharzial bladder SCC.” The possibility of carcinogenic product 
of parasite origin is not supported.?* However, local mechanical 
irritation by schistosome eggs appears to be an important pro- 
moting factor.?? 


Non-bilharzial squamous cell bladder cancer 


In Western regions pure SCC of the bladder constitutes of 1.2- 
4.5% of all vescical tumours.*-*73 The tumour is usually diagnosed 
in the seventh decade of live with a slight male predominance. 
Whites show a lower incidence compared to black patients, even 
in the presence of the same environmental factors. In Western 
countries SCC is usually diagnosed in patients with prolonged 
indwelling catheters.**75 An incidence of nearly 10% for SCC of 
the bladder in patients with a catheter indwelling for 210 years 
has been described.” Inflammation from chronic urinary tract 
irritation, either from bacterial infections, foreign bodies, bladder 
calculi, or chronic bladder outlet obstruction have been impli- 
cated in the pathogenesis of SCC.?” Many of these factors are 


Table 6.23.1 Comparison between non-bilharzial and bilharzial SCC of the bladder 


Feature Non-bilharzial 


Bilharzial 


Geographical distribution Western countries 


East, Africa, South-East Asia, South America 


% of all bladder tumours 1.2-4.5% 


59% 


Age Seventh decade 


Fifth decade 


Gender predominance Slightly more male 


Male 5:1 


Risk factors Prolonged catheterization, chronic UTI 


Chronic infections associated with bilharzial infestation 


Principal symptom Haematuria 


Irritative bladder 


Cystoscopic findings Lower vescical hemisphere Upper vescical hemisphere 
Tumour shape Ulcerative Nodular 

Pathology 

Stage Mostly advanced Mostly advanced 

Grade High grade Low to moderate 
Lymphnode-disease 8-10% 18.7% 


Treatment of choice Radical cystectomy 


Radical cystectomy 


General prognosis Poor 


Good 


Prevention 


Avoid prolonged indwelling catheterization, early detection 


Eliminate and treat bilharzias, early detection 


Adapted with permission from A.A. Shokeir, ‘Squamous cell carcinoma of the bladder: pathology, diagnosis and treatment’, BJU International, Volume 96, Issue 2, pp. 216-20, Copyright © 


2003 John Wiley and Sons. 
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Fig. 6.23.2 Lifecycle of S. Haematobium. 
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A Infective stage 


A Diagnostic stage 


Cercariae lose tails during 
penetration and become 


Migrate to portal 
Blood in liver and 
mature into adults 


Paired adult worms 
migrate to venous 
plexus of bladder 


Reproduced from Centers for Disease Control and Prevention, Parasites — Schistosomiasis, DPDx, November 2012, available from http://www.cdc.gov/parasites/schistosomiasis/biology.html 


present in patients with spinal cord injury and long-term indwell- 
ing catheters. 


Diagnosis and prognostic factors 


SCC in the bilharzial bladder is a distinct clinical and pathological 
entity and different from the entity in the Western world.!6 The 
classic presentation of bilharzial bladder cancer is characterized by 
symptoms of cystitis, painful micturition, frequency, and haema- 
turia. Urographic examinations reveal an extensive irregular filling 
defect in the cystographic phase.?8 The diagnostic work up depends 
on cystoscopy (see Fig. 6.23.3), transurethral bladder biopsies, and 
carful bimanual examination under anaesthesia.”? Eighty per cent of 
patients affected from bilharzial bladder cancer present with at least 
pT3 tumour stage.*° In non-bilharzial SCC of the bladder haematuria 
is the principal symptom in 63-100% of patients, irritative bladder 
symptoms occur in 33-67% and in 35% there is weight loss, back, or 
pelvic pain or frank obstructive symptoms, all of which are suggest- 
ive of advanced disease.>4° A concomitant urinary tract infection is 
present in 93% of patients at diagnosis.? In non-bilharzial bladder 
cancer a toumor stage =>pT3 is found in 90% of patients at presenta- 
tion.?! At cystoscopy most of the tumours are solitary, extensive and 
associated with leukoplakia (see Fig. 6.23.3B). The localization of the 
tumour in the bladder is variable but there is a predilection for the 
trigone and lateral walls. Macroscopically tumours are ulcerating and 
infiltrating but rarely papillary (see Fig. 6.23.3C). The tumour may 
occupy a diverticulum and may also associate with bladder stones.34 
For urine cytology a low sensitivity of 44% and a specificity of 91.3% 
for the detection of bladder cancer in a group with a significant 


proportion of patients with SCC have been described.** However, 
in the same study, NMP22 had a superior sensitivity (85%) and a 
high specificity (100%). SCC of the non-bilharzial bladder has a low 
incidence (8-10%) of distant metastasis.>? However, the prognosis of 
SCC of the bladder is discouraging because most of the patients pre- 
sent with advanced disease and die from locoregional recurrence.*! 
About 90% of deaths from SCC are cause by locoregional recurrence 
within three years. In contrast, in urothelial carcinoma the cause of 
death is much more often caused by metastasis. Because urothelial 
carcinoma of the bladder frequently develops focal squamous dif- 
ferentiation, it is important to differentiate SCC from urothelial 
carcinoma with squamous differentiation. Because the findings on 
a small biopsy sometimes may not represent the entire pathological 
spectrum of the tumour, SCC should not be diagnosed solely on a 
small bladder biopsy. Extensive transurethral resection of the bladder 
is needed for a decent diagnostic workup. Lymphovascular invasion 
has been shown to be an independent predictor of cancer-specific 
mortality, but not for disease recurrence in SCC of the bladder after 
radical cystectomy.*4 Lymphonadal disease at radical cystectomy 
was not independently associated with disease recurrence, nor can- 
cer-specific survival. However, a prognostic marker score (COX-2, 
p53, Caspase, and BAX) has been shown to predict disease-free sur- 
vival and cancer-specific survival. These patients could benefit from 
a multimodal therapy.*4 


Therapy and follow-up 


The majority of patients with non-bilharzial SCC typically present with 
a poorly differentiated, muscle-invasive tumour with no previous 
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(A) 


Fig. 6.23.3 Bilharziasis of the bladder. (A) Cystoscopy: active bilharziosis of the bladder; (B) cystoscopic view of leukoplakia patches, these lesions are precancerous to 


SCG and (C) operative specimen of bulky squamous cell carcinoma of the bladder. 


(A) Reproduced form Springer, Endoskopische Urologie Atlas und Lehrbuch, R. Hofmann (Hrsg.), Copyright © Springer Medizin Verlag Heidelberg 2009. With kind permission of Springer 


Science+Business Media; (B) and (C) Reproduced from Springer, World Journal of Urology, Volume 30, Issue 1, 2012, pp. 31-8, Khalaf |, Urologic complications of genitourinary schistosomiasis. With 


kind permission from Springer Science and Business Media. 


history of urothelial carcinoma.* The gold standard therapy for mus- 
cle-invasive bladder cancer remains radical cystectomy with pelvic 
lymph node dissection and consecutive urinary diversion.*>*° At the 
time of radical cystectomy the rate of non-organ confined disease 
was higher in SCC patients compared to their urothelial carcinoma 
counterparts, who underwent radical cystectomy.’ In a single centre 
report of 27 cases nearly a quarter of the patients were not eligible for 
immediate surgery, however a downstaging with consecutive radical 
cystectomy with neoadjuvant therapies had no success.*! A recent 
retrospective study involving 12.311 patients from the SEER data- 
base showed that patients with non-bilharzial SCC harbour a more 
advanced disease at radical cystectomy than patients with urothelial 
carcinoma.*” However, cancer-specific mortality rates did not differ 
in these two subgroups after adjusting for tumour stage.*” Another 
retrospective study showed that SCC was more aggressive than 
urothelial carcinoma in patients with non-organ confined disease.’ 
There is no evidence of different cancer-specific survival or overall 
survival in patients with SCC and those with squamous diffentiation 
treated with radical cystectomy.*° However, surgical resection is crit- 
ical to achive local tumour control and improves survival in patients 
with SCC. 


The standard treatment for metastatic urothelial cancer of 
the bladder is the gemcitabine/cisplatin chemotherapeutic regi- 
men.*° Urothelial carcinoma with squamous differentiation and 
pure SCC of the bladder are treated with the same regimen as 
the pure urothelial carcinoma of the bladder. The response rates 
of pure SCC of the bladder are less favourable to platinum-based 
chemotherapy when compared to urothelial carcinoma with 
squamous differentiation and urothelial carcinoma of the blad- 
der (27%, 34%, and 44%).4! Advanced or metastatic pure SCC 
may also respond less favourably to platinum-based chemother- 
apy, but overall survival of these patients is similar to patients 
with urothelial carcinoma of the bladder.*! 

The two-year overall survival rate of non-bilharzial SCC was 
reported to be 48% and recurrence-free survival rate 33% in a sin- 
gle centre report of 27 patients.*! Patients who survived underwent 
radical cystectomy.®™>3133:42,43 Survival depends on local disease 
expansion, which is in contrast to the urothelial carcinoma of the 
bladder where the main cause of death is systemic recurrence.*! 

Follow-up strategies in patients affected from SCC of the blad- 
der do not much differ from strategies applied in patients suffer- 
ing from urothelial carcinoma. Important in SCC patients is the 


locoregional control of the disease, which is the main cause of death 
in these patients. 
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CHAPTER 6.24 


Adenocarcinoma of the bladder 


Roy Mano and Ofer Yossepowitch 


Introduction to adenocarcinoma 
of the bladder 


Adenocarcinoma of the bladder constitutes the third most common 
histologic subtype of bladder malignancies. These tumours are typ- 
ically classified as primary (arising from the bladder), urachal (aris- 
ing from the remnant of the urachus) and secondary (metastatic 
from another primary tumour). While adenocarcinoma present in 
a similar clinical fashion to urothelial cell carcinoma of the blad- 
der (UCC), these tumours differ in epidemiological, aetiological, 
and pathological factors. In general, adenocarcinoma carry an 
unfavourable prognosis, mostly due to their aggressive biological 
nature and advanced stage at diagnosis. 


Demographics 


Adenocarcinoma of the bladder is the third most common histo- 
logic subtype of bladder tumour. These tumours represent around 
0.5-2.0% of all bladder cancers.!~3 For example, in two large epi- 
demiologic series derived from a population-based registry in the 
United States and the Netherlands, adenocarcinoma comprised 1- 
1.5% of newly diagnosed bladder cancers. Similar to most com- 
mon malignancies, the incidence of this disease increases steadily 
with age.* Typically the age at diagnosis is around 64 years, and 
is an average of 3-4.5 years younger than that of bladder UCC.>° 
Although adenocarcinoma of the bladder has a male predominance 
(male to female ratio 1.7-2.2:1.4-7), it is more common in females 
than UCC (where ratio is 2.5:1). Primary adenocarcinoma of the 
bladder is also relatively more frequent in non-Caucasians than 
UcGs* 

Adenocarcinoma of the urachus is less common than primary 
adenocarcinoma of the bladder. Urachal tumours account for 
0.17-0.34% of all bladder neoplasms. Based on several small sin- 
gle institution studies, urachal carcinoma was initially believed to 
represent approximately one-third of primary bladder adenocar- 
cinomas.8-” Recently, two large population-based studies found 
that urachal adenocarcinoma comprises only 10-20% of bladder 
adenocarcinoma.”*® Patients with urachal carcinoma were younger 
(median age of 56 years compared to 69 years in patients with 
non-urachal adenocarcinoma), and a higher proportion of female 
patients was observed (45%).7 


Aetiology 


Traditionally, metaplastic changes in potentially unstable urothe- 
lium were considered the primary causative factor for develop- 
ment of urinary bladder adenocarcinoma. Chronic irritation and 


infection of the bladder may predispose to these changes.?93° More 
recently, however, several studies have refuted this theory, showing 
that although cystitis cystica and glandularis or intestinal metapla- 
sia (representing the histological correlate of chronic inflammation) 
may coexist with bladder adenocarcinoma, they do not increase the 
risk of its development.*!32 

To date, bladder adenocarcinoma is the most common tumour 
observed in bladder exstrophy patients and is more frequently diag- 
nosed in geographic regions where schistosomiasis is endemic.!~3 
In addition, endometriosis, bladder augmentation, and other irri- 
tative conditions of the urinary tract may predispose the bladder to 
development of adenocarcinoma.’ 


Schistosomiasis 


In three large series from Egypt, where bilharzia is endemic, the 
incidence of primary adenocarcinoma of the bladder ranged from 
5.2-9.9%,1%3,33 This is higher than reported in regions without 
endemic bilharzia, and supports a causative association. Indeed, 
bilharzial eggs were found in up to 82% of patients.!? Chronic vesi- 
cal irritation and associated bacterial or viral infections in patients 
with bilharzial cystitis may explain the higher incidence of adeno- 
carcinoma in this population. Of note, squamous cell carcinoma 
of the bladder is more common than adenocarcinoma in patients 
with bilharzia. 


Bladder exstrophy 


Adenocarcinoma of the bladder remnant is the second largest cat- 
egory of neoplasia in treated and non-treated exstrophy patients. 
It arises in 4% of patients, at an almost 700-fold greater incidence 
compared to the age-matched general population.3+*° This neopla- 
sia occurs most commonly in men, at a mean age of 44 years.34-37 
In non-treated patients, exposure of the exstrophied bladder to an 
ex vivo environment results in constant irritation and infections 
culminating in glandular metaplasia and the potential for malig- 
nant transformation.*4 In treated patients, bladder augmentation 
may play a role in promoting carcinoma in the repaired bladder.>” 


Enteric bladder augmentation 


In patients whose bladder has been augmented, adenocarcinoma 
appears the most common histologic subtype of tumour (around 
63% of tumours in ileocystoplasties, 53% of all tumours in colo- 
cystoplasties and 3.4% of patients undergoing gastrocystoplasty). 
Typically, the lesions develop at the junction between the intes- 
tinal mucosa and urothelium. The median latency period between 
augmentation and cancer evolvement is generally prolonged 
(17-22 years) and depends predominantly on the bowel segment 
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used for augmentation (colonic segments tend to develop can- 
cers more rapidly) and the reason for the augmentation.**~“° It is 
unclear whether the augmentation process by itself leads to malig- 
nancy or whether the underlying bladder pathology is, in fact, the 
primary oncogenic determinant. While most reported adenocar- 
cinoma are found in patients whose bladders were augmented fol- 
lowing tuberculosis infection, postradiotherapy, postextsrophy, or 
following neuropathic problems. No increased risk of adenocarcin- 
oma was reported in patients whose bladders were augmented for 
detrusor overactivty. 


Pathology 


Adenocarcinoma of the urinary bladder is best classified according 
to its site of origin: primary tumours arising from the bladder or 
urachal remnant, and secondary (metastatic) adenocarcinoma. The 
latter usually represent local extension of primary colon, prostate, 
or ovarian malignancy.’? As a rule, metastatic carcinoma to the 
bladder is more common than primary adenocarcinoma. As such, 
a second tumour must be excluded before establishing the diagno- 
sis of primary bladder adenocarcinoma.!4! 

With regards to primary adenocarcinoma, the distinction 
between urachal and non-urachal origin is often challenging as 
both share similar morphologic features and immunohistochemi- 
cal profiles.4? Bladder location is usually the best guide to tissue 
of origin; urachal lesions at the dome and non-urachal lesions at 
the base or side walls. The urachus contains three distinct tissue 
layers: a luminal layer composed of cuboidal or transitional epithe- 
lium, an intermediate submucosal connective tissue layer, and an 
outer smooth muscle layer.?! The majority of urachal tumours are 
high-grade adenocarcinomas (84-100% of cases),!*?!,2425 arising 
either from the luminal layer or from residual enteric rests during 
embryological development.?°° 

Mostofi et al. proposed the initial diagnostic criteria for urachal 
adenocarcinoma which included: (i) tumour location in the blad- 
der dome; (ii) absence of cystitis cystica and cystitis glandularis in 
the bladder; (iii) predominant invasion of the muscularis propria 
or deeper tissues with a sharp demarcation between the tumour 
and surface bladder urothelium that is free of glandular or polypoid 
proliferation; (iv) urachal remnants within the tumour; (v) involve- 
ment of the space of Retzius, anterior abdominal wall, or umbilicus; 
(vi) no evidence of a primary neoplasm elsewhere.* Johnson et al. 
deemed these criteria too restrictive and suggested that location 
of the tumour in the bladder dome, sharp demarcation between 
the tumour and the surface epithelium, and exclusion of primary 
adenocarcinoma elsewhere should be the delineating features of 
urachal carcinomas.*4 A more practical approach was proposed 
by several other investigators who indicated that all enteric type 
adenocarcinoma located at the bladder dome should be considered 
of urachal origin until proven otherwise.!7169 


Pathology 


Macroscopically, adenocarcinomas can have a papillary, nodu- 
lar, flat, or ulcerated architecture. Some variants tend to present 
with prominent bladder wall thickening (‘linitis plastica’) without 
apparent growth due to diffuse infiltration of the bladder wall with 
tumour cells.4* Microscopically, these tumours show pure glan- 
dular morphology with varying histological growth patterns.445 
Based on their morphologic appearance, Grignon et al. divided 


the tumours into five distinct histologic subtypes: enteric, when 
the architectural and cytological features resemble those of typ- 
ical colonic adenocarcinomas (Fig. 6.24.1, Fig. 6.24.1AB); mucin- 
ous, when the tumour is characterized by single cells or nests of 
cells floating in lakes of extracellular mucin; signet ring, when the 
tumour is composed of single signet-ring cells diffusely permeating 
the tissues (Fig. 6.24.1C and D); adenocarcinoma not-otherwise- 
specified (NOS), when the pattern does not fit into any of the afore- 
mentioned categories; and mixed, when the tumour shows two 
or more of the patterns with no dominant pattern accounting for 
more than 75% of the material. Urachal and non-urachal tumours 
share similar morphologic features, although urachal tumours are 
more frequently categorized as mucinous type.'4 

Two additional rare categories exist: clear cell and hepatoid sub- 
types. Clear cell adenocarcinoma resembles tumours of the female 
genital tract. It mostly affects women and is usually located in 
the posterior, lateral walls, or trigone of the bladder and immu- 
nostains for CA-125.4° The hepatoid type of adenocarcinoma has 
the morphological characteristics of hepatocellular carcinoma, may 
appear with hyaline globules and bile production, and stains for 
a-fetoprotein.4? 


Grading and staging 


Non-urachal tumours are staged and graded in a similar fashion to 
UCC, endorsing the TNM and WHO classification systems.!? For 
urachal tumours, three distinct staging systems have been formu- 
lated: the Sheldon,!? Ontario,?? and Mayo?! classifications (Table 
6.24.1). While the Sheldon staging system is the most commonly 
utilized, it is relatively complex. The more recently published Mayo 
system offers simplicity and an improved ability to predict survival.?! 

Most primary adenocarcinomas (47-100%) are classified as mod- 
erately to poorly differentiated at initial diagnosis. The majority of 
tumours, both urachal (25-64%) and non-urachal (29-92%), are 
locally advanced at presentation. Metastatic disease at presentation 
is found in 4-31% of urachal tumours and 4-44% of non-urachal 
tumours.%7-10.11,14,16,18-26.28 Compared to UCC, bladder adenocar- 
cinoma has a higher propensity for muscle invasion, extravesical 
spread, and metastases.*® Urachal tumours are more likely to be 
diagnosed at advanced stage involving distant organs,’ particularly 
in patients younger than 45 years.*® 

The most common location of metastases in non-urachal 
tumours were lungs (40%), liver (37%) and skeleton (37%).!° 
Urachal tumours tend to spread by local extension to adjacent pel- 
vic structures followed by hematogenous dissemination to distant 
organs. Distant metastases are most commonly seen in the lungs 
(50%), lymph nodes (46%), bone (30%), bowel (30%), brain (20%), 
and liver (16%). Metastases to multiple organs are a common fea- 
ture of advanced stage.?° 


Primary adenocarcinoma of non-urachal 
and urachal origin 


Clinical presentation 


Painless visible haematuria is the most frequent symptom in patients 
with bladder adenocarcinoma. It is reported in 48-92% of urachal 
and non-urachal tumours. Irritative or obstructive urinary void- 
ing symptoms are also common, but are generally seen in patients 
with non-urachal tumours (48% vs. 13% in urachal tumours). Lack 
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Fig. 6.24.1 Primary non-urachal adenocarcinoma of the bladder, enteric type (haematoxylin-eosin, original magnification x100 (A) and x200 (B)). Urachal 
adenocarcinoma of the bladder, signet-ring cell type (haematoxylin-eosin, original magnification x100 (C) and x200 (D)). 


Table 6.24.1 Staging systems for urachal cancer 


Stage Sheldon’? Mayo?! Stage Ontario??* 
Tumour confined to the urachal mucosa Tumours confined to the urachus Ti Tumour confined to submucosa 
and/or bladder 
Invasion confined to the urachus Tumours extending beyond the T2 Tumour confined to muscular wall of bladder 
muscular layer of the urachus and/or 
the bladder 
l Local extension Tumours infiltrating the regional T3 Tumour extended into the periurachal or vesical 
lymph nodes soft tissue 
IA tothe bladder Min 
IB to the abdominal wall T4 Tumour invaded adjacent organs, including the 
; abdominal wall 
IC + to the peritoneum 
ID + to viscera other than the bladder 
V Metastatic disease Tumours infiltrating non-regional 
; lymph nodes or other distant sites 
VA + to regional lymph nodes Kon 
VB + to distant sites 


*Staging system for primary tumours, regional nodes, and distant metastases are considered separately. 


Reprinted from The Journal of Urology, Volume 131, Issue 1, Sheldon CA, et al, Malignant urachal lesions, pp. 1-8, Copyright © 1984, with permission from Elsevier, http://www. 
sciencedirect.com/science/article/pii/S0022534711041437; Richard A. et al, Urachal carcinoma: Clinicopathologic features and long-term outcomes of an aggressive malignancy, Cancer, 
Volume 107, Issue 4, pp. 712-20, Copyright © 2006 John Wiley and Sons; and The Journal of Urology, Volume 175, Issue 6, Jehonathan H. Pinthus et al, Population Based Survival Data on 
Urachal Tumors, pp. 2042-2047, Copyright © 2006, with permission from Elsevier, http://www.sciencedirect.com/science/article/pii/S00225347 11041437 
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of symptoms allows urachal adenocarcinoma to escape clinical 
detection for a long time and leads to the advanced stage typically 
found at diagnosis.?! While all adenocarcinomas secret mucin to a 
certain extent, mucosuria is a relatively uncommon finding and is 
mostly associated with urachal tumours. Mucosuria is reported in 
up to 17% of patients with urachal and only in 2% of patients with 
non-urachal adenocarcinomas. !0!1,14-18,21,25-27 Additional infre- 
quent findings in patients with urachal adenocarcinoma include a 
draining mucoid sinus to the skin, recurrent urinary tract infec- 
tions, palpable abdominal mass, and abdominal or suprapubic 
pain, 1617,21,25,26 

Positive urinary cytology can be found in approximately 40% of 
patients with urachal adenocarcinoma, largely associated with high 
tumour grade. Cystoscopy is diagnostic in virtually all patients, 
demonstrating a protruding mass at the dome or anterior bladder 
wall.!416.21,25,26 Serum tumour markers may be elevated in some 
patients with urachal tumours, providing means of monitoring 
the response to therapy, and early diagnosis of disease recurrence 
or progression during follow-up. In one series elevated CEA, CA 
19-9 and CA-125 were found in 59%, 60%, and 44% of patients 
respectively.?0 

Adenocarcinoma of the bladder can exhibit distinctive findings 
on imaging studies. In non-urachal tumours, particularly of the 
signet-ring cell subtype, markedly increased bladder wall thick- 
ness combined with diffused perivesical stranding are common.*” 
Urachal adenocarcinoma often manifests as a mixed cystic and solid 
mass, arising from the midline of the bladder dome (Fig. 6.24.2 and 
Fig. 6.24.3). Associated calcifications, varying from fine punctate 
deposits to extensive areas of calcification, are visible in 33-72% 
of the patients, most often in the periphery of the mass.!22148 An 
additional unique feature of adenocarcinomas includes focal areas 
of high signal intensity on sagittal T2-weighted MR images, sec- 
ondary to mucin production. 


Most studies addressing the management of primary bladder 
adenocarcinoma are small, retrospective, and include several treat- 
ment modalities. Therefore, the optimal therapeutic strategy for 
these patients has yet to be defined.!? 


Transurethral resection of the tumour has a poor success as 
monotherapy for non-urachal adenocarcinoma of the bladder. 
The reported five-year survival rates are around 19-33% and 
are not improved by the addition of adjuvant radiotherapy.?!0>° 
Partial cystectomy can be used for localized disease when feasible. 
Feasibility, means that the tumour is in a mobile component of the 
bladder and is small enough to allow resection with a margin of 
normal bladder that will leave sufficient bladder volume for quality 
of life. The oncologic outcomes are generally dismal for partial cyst- 
ectomy,!° except for one series reporting a five-year survival rate of 
54% after partial bladder resection alone.!° This report may be due 
to most careful patient selection. 


Radical cystectomy and pelvic lymphadenectomy are the mainstay 
of treatment for non-urachal adenocarcinoma of the bladder. In 
relatively large series, the five-year survival rates of patients treated 
by radical cystectomy were 21-55%.10!9.23 The most important 
predictor of survival was tumour stage. Reported five-year overall 


Fig. 6.24.2 A 64-year-old female with urachal adenocarcinoma of the bladder. 
Axial computed tomography images showing (A) a midline mass involving 
the dome of the bladder (arrow), with (B) a thick peripheral calcification in its 
superior aspect (arrow). 


Fig. 6.24.3 A T2-weighted sagittal pelvic magnetic resonance imaging scan 
demonstrating a mass arising from the dome of the urinary bladder (arrow), 
consistent with adenocarcinoma of the bladder. 


survival rates are around 100%, 54%, 50%, and 35% for stage I, II, 
III, and IV, respectively.” 


Radiotherapy 

Traditionally, adenocarcinoma of the bladder was considered 
radio-resistant.!° The reported five-year survival rate among 
patients treated with external radiation therapy alone was less 
than 20%.®10:13 However, postoperative adjuvant radiation therapy 
to target the entire pelvis may offer a clinical benefit. In one ser- 
ies, a significantly improved disease free survival was observed in 
patients with pathologically advanced disease treated with adjuvant 
radiation therapy (61%) compared to cystectomy alone (37%).?3 
The radiation was not associated with delayed morbidity and 
resulted in a substantially improved local failure rate. 


Treatment of localized urachal adenocarcinoma 


Partial and radical cystectomy 
The standard of care for localized urachal carcinoma entails 
extended partial cystectomy with en bloc resection of the entire 
urachus (including the umbilicus), the posterior rectus fascia, a 
generous portion of the overlying peritoneum and perivesical soft 
tissue extending out to the lateral pelvic sidewalls. Removal of the 
bladder dome must leave sufficient bladder volume for a func- 
tional quality of life. Resection of involved adjacent organs (bowel) 
is carried out when necessary to remove all macroscopic disease. 
Bilateral pelvic lymph node dissection is considered a mandatory 
adjunct, including common iliac, external iliac, obturator, and 
hypogastric lymph nodes.74 Wide excision with negative soft tis- 
sue and bladder margins is critical to minimize the risk of local 
recurrence.” In univariate analysis, complete urachectomy and 
umbilectomy were significant predictors of survival.?! In fact, rad- 
ical cystectomy did not show any survival advantage over properly 
performed extended partial cystectomy. 1416:20-22,2428 Minimally 
invasive surgical techniques including laparoscopic and robot- 
assisted laparoscopic partial cystectomy with urachal resection 
have been reported as a reasonable alternative to the traditional 
open approach.°}2 

In a review of surgically treated urachal cancer series, Herr et al. 
noted that the long-term disease specific survival rates ranged from 
33% to 88%, with nearly half of the patients dead of disease at a 
median follow-up time of five years.*4 However, restricting the data 
to patients who, in addition to partial cystectomy, had concomitant 
wide resection of the urachus, a significantly improved five-year 
survival rate was observed, reaching as high as 70%.7425 

Treatment failure manifested as local relapse in the pelvis or blad- 
der occurs in 15-18% of patients, and generally within the first two 
years after treatment.*!4 Surgical resection of local tumour recur- 
rence resulted in long-term cure (median follow-up of 15 years) in 
more than 50% of the patients.*! It is important to note that while 
local recurrence in the bladder is amenable to salvage therapy, pel- 
vic recurrence outside the bladder portends an ominous prognosis. 
In one study, two-thirds of the patients with disease relapse in the 
bladder were cured with salvage surgery alone, whereas only 17% of 
the patients with pelvic relapse had responded to combined chemo- 
therapy and surgical resection.”4 None of the patients were salvaged 
successfully with radiation therapy.” 

Distant metastases developed in 32-54% of the patients who 
presented with localized disease. Most patients (92%) with meta- 
static urachal carcinoma died of their disease at a median time of 
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12 to 24 months. Survival was not related to the particular site of 
metastases.??! 


Multimodality treatment 

Siefker-Radtke et al. described the use of 5-fluorouracil and 
cisplatin-based neoadjuvant chemotherapy in two patients 
with locally advanced disease prior to surgical treatment. At a 
median follow-up time of 17 months, no evidence of disease was 
observed.*° In contrast, adjuvant therapy (chemotherapy, radi- 
ation, or a combination thereof) in patients with positive lymph 
nodes or involved surgical margins did not prove to be of any 
therapeutic benefit.?°! 


Radiotherapy 

Ashely et al. described six patients treated by primary external 
beam radiation therapy using a median radiation dose of 50 Gy. 
These patients had a worse outcome when compared with surgi- 
cally treated patients, but were older, had higher grade tumours, 
and a more advanced disease.*! 


Treatment of metastatic disease 


Relying on treatment paradigms used in patients with gastrointes- 
tinal adenocarcinoma, 5-fluorouracil (5-FU) based chemotherapy 
was initially attempted by several investigators in small groups of 
patients with bladder adenocarcinoma. Response rates were gen- 
erally inconsistent suggesting that 5-FU may provide some thera- 
peutic benefit in these patients.°>->> In one study, Logothetis et al. 
reported on the use of 5-FU, doxorubicin, and mitomycin in urachal 
adenocarcinoma with an initial response rate of 65% but no durable 
response.> Cisplatin-based chemotherapy regimens were assessed 
in several small studies. Galsky et al. reported on 11 patients with 
unresectable or metastatic bladder adenocarcinoma treated with 
ifosfamide, paclitaxel and cisplatin (ITP). Overall response rate 
was 36%, most of which was partial response. In two patients the 
response to systemic chemotherapy downsized the tumour allow- 
ing performance of radical cystectomy for previously unresectable 
disease. Median survival was 24.8 months.*° Siefker-Radtke et al. 
showed that chemotherapy administered to patients with meta- 
static urachal adenocarcinoma, most of whom developed distant 
relapse after failure of surgical treatment for locally advanced dis- 
ease, resulted in a median overall survival of 20 months. Objective 
initial response was achieved in 20% of patients (mostly partial). 
Most clinical responses were observed with 5-fluorouracil/cis- 
platin-based regimens, implying that chemotherapy generally used 
for colon adenocarcinomas may be more beneficial to patients with 
urachal adenocarcinoma than traditional chemotherapy regimens 
used in urothelial tumours. Only 5% of the patients had long-term 
disease-free survival.?° Molina et al. reported the clinical outcome 
of 10 patients with either disease relapse after surgical treatment 
for locally advanced disease or metastatic urachal adenocarcin- 
oma treated with 5-FU based regimens, MVAC, VP-16/platinum 
and Taxol/platinum. The median survival after chemotherapy was 
20.4 months. Progression of disease was usually seen when single 
agent 5-FU was used. Conversely, platinum-containing regimens 
resulted in stable disease or partial response in 71% of cases.?° 
Tatokoro et al. analysed the clinical efficacy of combination chemo- 
therapy consisting of ifosfamide, 5-FU, etoposide and cisplatin 
(IFEP) in metastatic adenocarcinoma of the urachus after defini- 
tive surgery. Objective initial responses were observed in three of 
four patients (75%). One patient required salvage surgery and two 
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were treated with consolidative radiotherapy. The median survival 
was 26 months.*” 

A study summarizing the chemotherapy regimens for metastatic 
urachal carcinoma showed that the highest response rates and 
progression-free survival were noticed with the use of 5-FU- and 
CPT-11-based regimens.*® 


Prognosis 


Overall 5 and 10-year survival rates are reported to be around 18- 
57% and 28% in non-urachal adenocarcinoma and 34-70% and 31- 
46% in urachal adenocarcinoma, respectively.>-79)10.14-18,20-26,28,59 
Three large population-based studies showed that patients with 
urachal tumours had a lower risk of all cause and disease specific 
mortality compared to patients with non-urachal tumours,’ and 
that stage and grade-adjusted cancer-specific mortality rates are 
similar in patients diagnosed with adenocarcinoma and urothelial 
carcinoma. Thus, the worse overall survival seen in adenocarcin- 
oma is likely attributed to the more advanced stage distribution at 
presentation.>® 

Tumour stage is a significant predictive factor for prognosis in 
most series.>710.14,17,19,20,22-25,28 Ty one population-based series, 
the five-year survival rates decreased as the stage of the disease 
increased, with survival rates of 57%, 29%, and 11% in patients 
with disease stage II, III, and IV, respectively. Additional prog- 
nostic factors included—tumour grade,”!0!9.21,22 lymph node 
involvement, !?2023,28 surgical margin status,2°?!2427 macroscopic 
residual tumour,”® histologic type (mucinous and signet-ring histo- 
logical subtypes predicted lower survival rates),!”-2327 tumour 
size,!° and age.” In addition, a study assessing the prognostic value 
of the cell-cycle specific biomarkers—p53, p21, p27, Ki-67, and 
cyclin E in adenocarcinoma of the bladder showed that the com- 
bined alterations of p27 and Ki-67 and of all five biomarkers were 
associated with increased probability of disease recurrence and 
cancer-specific mortality. 


Secondary adenocarcinoma 


The bladder can be affected by the direct extension of cancer from 
adjacent viscera, or spread from distant foci via blood or lymph- 
atic channels. In a comprehensive literature review, Velcheti and 
Govindan indicated the most common source of metastases to the 
bladder to be the genitourinary tract (35%) followed by the colon 
and rectum (28%), melanoma (9%), breast (8%) and gastric carcin- 
oma (8%).4! Metastatic involvement of the bladder does not mani- 
fest with typical urinary symptoms and might be overlooked on 
cystoscopy as it generally infiltrates the bladder wall rather than 
cause ulceration of the mucosal lining.*! On imaging, the tumour 
usually presents as thickening of the bladder wall, frequently 
involving the bladder neck and trigone. Colonic tumours involve 
the fundus more commonly.§}& 


Differentiating primary and secondary bladder 
adenocarcinoma 


It can be challenging to distinguish primary and metastatic adeno- 
carcinoma of the bladder using only histological appearance. The 
presence of intestinal type metaplasia and cystitis glandularis 
along with in situ adenocarcinoma within the tumour or else- 
where in the bladder can be indicative of primary adenocarcinoma. 
Unfortunately, these features appear in only a small percentage of 


patients.4! An overlying intact urothelium may suggest a secondary 
source, although a metastatic tumour may also cause ulceration of 
the epithelium without emanating from it.6! 

Immunohistochemical staining may assist in distinguishing 
metastatic colon adenocarcinoma from enteric type primary blad- 
der adenocarcinoma but specific monoclonal antibodies have 
proven useful only in some patients.®? Cytokeratin (CK) 7 and 
CK20 are both positive in more than half of the patients with pri- 
mary bladder adenocarcinoma, whereas in the typical colonic 
adenocarcinoma CK7 staining is negative and CK20 is positive.©-4 
Thrombomodulin, an endothelial thrombin receptor, is positive in 
59% of bladder adenocarcinomas and in none of the colonic ade- 
nocarcinomas.® -catenin is typically accumulated in the nucleus 
of colorectal adenocarcinoma tumour cells, and 6-catenin nuclear 
staining was found in 81% of colorectal metastases to the bladder. 
Conversely, a membranous $-catenin staining pattern was observed 
in 88% of primary bladder adenocarcinoma, 93% of urachal adeno- 
carcinoma, and all cases of metastatic adenocarcinoma. Thus, the 
nuclear versus membranous staining pattern of b-catenin may 
be of diagnostic value.*©® Positive expression of 34BE12, a high- 
molecular-weight cytokeratin, occurs in 66% of urachal adenocar- 
cinomas and 11% of colonic adenocarcinomas; therefore a strong 
diffuse positivity would favour urachal over colonic origin.”° Villin, 
an actin-binding protein, is expressed in 98% of colorectal adeno- 
carcinomas, and 65% of primary bladder adenocarcinomas. Lack 
of villin immunoreactivity suggests a bladder origin. Nuclear 
CDX-2 transcription factor expression was initially thought to be 
restricted to colonic adenocarcinoma.® However, recent studies 
showed similar expression in bladder adenocarcinoma eliminating 
CDX-2 as a tool for differentiating between the two.” In a study of 
patients diagnosed with adenocarcinoma of the urinary tract and a 
previously resected colorectal carcinoma, deleted-in-colon-cancer 
(DCC) immunoreactivity, a prognostic marker for colorectal can- 
cer, was observed consistently in the bladder lesion when the pri- 
mary colorectal mass expressed DCC. In addition, positive DCC 
protein expression was related to a more favourable prognosis. 

Differentiating bladder adenocarcinoma from prostate adeno- 
carcinoma is possible with the use of prostate-specific antigen 
(PSA) staining, which is negative in bladder adenocarcinomas.*” 
PAP positivity may also imply a prostatic origin, although it may be 
positive in some bladder adenocarcinomas as well.®! 

In practice, knowledge of a history of tumour elsewhere and 
comparison with the original histology will establish the secondary 
nature of a bladder tumour in many cases, particularly as tumours 
that had spread to the bladder tend to be at an advanced stage.°! 


Treatment of secondary adenocarcinoma 
of the bladder 


Differentiating primary urothelial adenocarcinoma from secondary 
tumour involving the urinary tract is important when deciding on 
the appropriate treatment strategy. While primary muscle-invasive 
adenocarcinoma of the urinary bladder may prompt removal of the 
bladder, treatment of metastatic adenocarcinoma to the bladder is 
often only a secondary consideration depending on the stage and 
prognosis of the primary cancer, as well as its chemosensitivity and 
radiosensitivity.*! 

Although wide surgical excision followed by the administration 
of adjuvant therapy would yield the longest survival, the decision of 
treating the patient with partial cystectomy, radical cystectomy or 


pelvic exenteration should rely not only on the anatomical location 
of the tumour, but primarily on the patients’ performance status 
and life expectancy.®© 


Conclusions 


Adenocarcinomas of the bladder are classified into three categories 
according to their origin, namely non-urachal, urachal, and meta- 
static. While all share similar clinical and histological characteris- 
tics, differentiating between the tumours is important as treatment 
of the disease varies substantially. Since most studies are of small 
size and retrospective, the optimal treatment regimen for meta- 
static cancer has yet to be defined. In general, primary adenocar- 
cinoma of the bladder has a poor prognosis. 
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CHAPTER 6.25 


Urothelial carcinomas of 
the upper urinary tract 


Tarek P Ghoneim, Pierre Colin, and Morgan Rouprêt 


Epidemiology 
Incidence 


Upper urinary tract urothelial carcinomas (UTUCs) are relatively 
rare tumours. They account for 5-10% of urothelial carcinomas. 
It is estimated that about 7,200 new cases of tumour of the renal 
pelvis or ureter occur each year in the European Union.!” In the 
United States, Munoz and Ellison estimated the incidence at 0.73 
of 100,000 person-years for ureteral transitional cell carcinoma and 
at 1.0 of 100,000 person-years for renal pelvis transitional cell car- 
cinoma, between 1985 and 1995.3 However, worldwide incidence 
of renal pelvis tumours is inaccurate since these tumours can be 
included in kidney tumours according to studies.*4 


Age 
Most recent series report an average age of occurrence of 70 years; 
with incidence increasing with age.° 


Sex-ratio 


As with bladder cancer, men are more likely than women to suf- 
fer from UTUCs. In fact, occurrence is up to two times higher for 
male patients, but this discrepancy can probably be attributed to 
the greater likelihood of men being exposed to the effects of major 
carcinogens for many years.!° 


Risk factors 


Environmental factors 


Exposure to tobacco increases the relative risk (RR) of developing 
a UTUC to 2.5-7. Number of cigarettes a day, and number of years 
of exposure appear to influence that risk. Multiple substances (aro- 
matic amine, benzopyrene, dimethylbenzathracene) inhaled in the 
cigarette smoke play a role in the upper urinary tract carcinogenesis. 

Occupational exposure is another important environmental risk 
factor. Indeed, employees of many industries (dyes, textiles, rub- 
ber, chemicals, petrochemicals, coal, coke, tar) are exposed to sev- 
eral chemical carcinogens (aromatic amines, polycyclic aromatic 
hydrocarbons, chlorinated solvents). An average exposure of about 
seven years is needed for developing UTUC and the interval of 
occurrence after exposure can be up to 20 years. 167 

It has been noticed that in the Balkans in South Eastern Europe, 
incidence is multiplied by 60 to 100 times the incidence of the rest 


of the world. However, since first described in the 1950s the differ- 
ence of incidence has decreased dramatically. UTUC of the Balkans 
is associated with Balkan Endemic Nephropathy, a degenerative 
interstitial nephropathy.®? But the exact aetiology is yet to be deter- 
mined. Many hypotheses have been put forth. Exposure to profes- 
sional carcinogens, infectious exposure has been suggested. 

More recently, Chinese herb nephropathy has been described 
in patients exposed to a Chinese herbal product containing 
Aristolochia fangchi.!° Half of these patients then develop UTUC. 
Aristolochia fangchi, as well as Aristolochia clematis (a plant endemic 
to the Balkans) contains aristolochic acid, which is described as a 
carcinogen responsible of a genetic mutation.!! 

Southwestern and northeastern Taiwan are other regions of 
endemic UTUC. It has been suggested a link between UTUC and 
the Blackfoot disease (BFD), which is a vasculitis caused by chronic 
exposure to arsenic in the water of artesian wells. However, arsenic 
pollution is not an issue in the northeastern part of the country 
and patients suffering from UTUC in the southwest often do not 
present BFD. The role of arsenic in the carcinogenesis is probably 
not sufficient to explain the higher incidence on this Asian island. 

Phenacetin was widely used as an analgesic for 40 years but has 
been abandoned since the 1980s when its role as a carcinogen 
for the upper urinary tract was demonstrated.!*!3 As the average 
latency for appearance of UTUC is 22 years, the number of cases 
described today is decreasing. Carcinogenesis appears to be related 
to papillary necrosis caused by phenacetin. 

Chronic exposure to alkylating chemotherapy (cyclophospha- 
mide, ifosfamide) and laxatives seems to be implicated in the appear- 
ance of UTUC, though only small studies have reported those. 


Chronic inflammation and other endogenous factors 


Chronic urinary tract infections may be implicated in the carcino- 
genesis of UTUC with an OR of 1.5-2. Through chronic irrita- 
tion, presence of lithiasis in the urinary tract may promote cancer 
proliferation. The risk increases with female gender, renal pelvis 
calcifications, history of concomitant infections, and number of 
hospital-related disease lithiasis. Arterial hypertension may har- 
bour a risk for UTUC though mechanism remains unclear; with 
a RR of 1.3. 


Heredity and genetic polymorphism 


HNPCC (hereditary non-polyposis colorectal cancer) syndrome 
also known as Lynch syndrome is the commonest monogenetic 
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predisposition for colorectal cancer. The lifetime risk of malignan- 
cies is 80%. Apart from colorectal cancer, patients with this syn- 
drome also have a risk of developing other malignant tumours, 
such as endometrial, ovarian, small bowel, stomach, hepato-biliary, 
skin, brain, or urogenital cancers, mostly UTUCs.!4 Typically, these 
patients are younger than sporadic cases. In case of suspicion for a 
hereditary carcinoma, several tests are recommended: microsatel- 
lite instability analysis, immunochemistry, and DNA sequencing. 
It has recently been stated that a significant proportion of patients 
with newly diagnosed UTUC were misclassified as sporadic and 
may have HNPCC as a cause. A prediction tool to attempt indenti- 
fying patients who may have HNPCC was proposed based on clin- 
ical criterias: age at diagnosis, sex, personal, and family history of 
other cancers associated to HNPCC. 

In addition the evidence suggesting an individual genetic sus- 
ceptibility (ie. polymorphism) to known risk factors has grown 
recently. The carcinogenesis due to toxic exposure is probably in 
most cases, related to genetic variants of the detoxification enzym- 
atic system. 


Natural history 


Carcinogenesis biology—molecular pathways 


Aside from constitutional mutations, from a germline mutation, 
present in almost all cells of the body; genetic (mutation, deletion) 
and epigenetic (DNA methylation) alterations occur. An unstable 
balance is represented by two type of genes: proto-oncogenes 
and tumour suppressor genes. When one of these type of genes is 
altered; the cell may follow the pathological path of oncogenesis. 

Proto-oncogenes code for several types of proteins such as growth 
factors, receptors, or nuclear proteins helping regulate cell growth 
and differentiation. Either spontaneously or after exposure to an 
exogenous carcinogen, the promoter of the proto-oncogene may 
be altered. This transforms the proto-oncogene into an oncogene 
and the protein is overexpressed. The two main proto-oncogenes 
assessed for UTUC are: 


+ FGFR3 (fibroblast growth factor receptor 3): it is a tyrosine kinase 
receptor. Its inactivation may be associated to better survival and 
lower grade. Also present for bladder cancer, there appears that 
incidence of mutation is similar in UTUC or bladder carcinomas. 


+ EGF (epidermal growth factor) receptor and ligand: it is a trans- 
membrane protein complex, with a tyrosine kinase activity. Ten 
to 55% of UTUC have EGF overexpression and it might be cor- 
related to advanced stage and grade. Also, mutation of epider- 
mal growth factor receptor might be linked to histopathological 
characteristics such as metaplastic squamous and/or glandular 
differentiation. 


Tumour suppressor genes code for proteins implied in the con- 
trol of cell growth with a repressive effect on cell cycle regulation 
or promoting apoptosis; for proteins protecting genomic integrity 
(DNA repair proteins) or intercellular interaction (metastasis sup- 
pressors). The main tumour suppressor genes studied for UTUC 
are the following: 


+ p53: it is encoded by the TP53 gene located on the short arm 
of chromosome 17 (17p13.1). p53 is a protein helping to lead 
the cell towards apoptosis when DNA damage is impossible. If 
damage on DNA is limited it can actually activate DNA repair. 
A mutant p53 allows cellular replication with DNA damage that 


might lead to cancerous proliferation. Mutations of TP53 gener- 
ally occur (90% of cases) on exon 5 to 8 and the type of mutation 
is probably different according to the type of exogenous carcino- 
gen exposition. 


+ RB1: located on chromosome 13; it codes for a protein playing a 
role in cell cycle regulation. 


+ CDHI: located on chromosome 16, it codes for Cadherin-E pro- 
tein (epithelial cadherin), which plays a role in the cell-cell adhe- 
sion system. Loss of function allows increasing proliferation, 
invasion, and metastasis. 


Epigenetic mutations play also a role in oncogenesis. CpG islands 
are regions of the DNA with higher concentrations of CpG sites. 
Methylation of CpG islands is probably responsible for inacti- 
vation of tumour suppressor genes. This mechanism has been 
suggested as a possible cause for inactivation of several tumour 
suppressor genes such as CDH1, hMLH1, hMSH2, GSTP1, MGMT, 
p16, and p14. 

Genomic instability is indicated by microsatellite instability 
(MSI). MSI is defined by the expansion or deletion of one or two 
repeat units. It correlated with the mutation of a mismatch repair 
gene and is detected with polymerase chain reaction (PCR) on 
DNA from normal and tumour tissue. MSI are detected in nearly 
all HNPCC, UTUC, and in 25% of sporadic tumours.!4 


Tumour location and multifocality 


Renal pelvis tumours are more common than ureteral ones. And 
within the ureter, distal localization is more frequent than proximal 
ones. However, UTUC is a pan-urothelial disease and multifocal, 
synchronous lesions are not rare: ipsilateral multifocality occurs 
in about 20% of cases. Bilateral tumours are extremely rare either 
they be synchronous or metachronous (1.6 to 3.1%, respectfully). 
Chronic exposure to phenacetin, black foot disease, or Balkan 
nephropathy might be a risk factor to bilateral tumours. Multiple 
recurrences of bladder tumours might also be a risk factor. 

Theories for multifocal tumours are either the ‘field effect’ of 
carcinogens on urothelial cells that can be separate in location 
resulting in oligoclonality; or the ‘seed theory’ with intraluminal or 
intraepithelial spread of a single mutated cell. 15-16-17 

Association of UTUC and bladder carcinoma is well described. 
In 17% of cases, concurrent bladder cancer is present. Recurrence 
of disease in the bladder occurs in 22-47% of UTUC patients. !8:19.20 
The most frequent site of recurrence is the ipsilateral ureteral 
meatus. Recurrence occurs in the majority of cases in the two years 
following UTUC management but no real risk factor have been 
identified yet; only multifocality of UTUC lesions.?! 

Upper urinary tract recurrence after an invasive bladder tumour 
is rare (rate of 2 to 5%).?? They occur mostly in the 3 years following 
radical cystectomy. Several risk factors have been identified such as 
a history of carcinoma in situ in the bladder, a history of bladder 
cancer recurrence, of cystectomy for non-muscle-invasive bladder 
cancer and tumour involvement of the ureter on the cystectomy 
specimen.?? 


Local, regional, lymphatic, and metastatic spread 


Epithelial spread, either through the ‘field theory’ or the ‘seed the- 
ory, is antegrade or retrograde. 

The muscle layer surrounding the urothelium of the renal pelvis 
and the ureter constitutes a barrier to the spread of the tumour. 
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However, this layer is very thin. Invasive tumours will easily spread 
to the muscle and the adventitia and surrounding tissues. 

Higher grade and localization may be directly linked to local 
spread. Muscle layer is thinner for the ureter than for the renal 
pelvic making local spread easier and thus regional and meta- 
static dissemination easier.?™?4 Ureteral location seems to be 
associated to higher stage tumours. Renal parenchyma may con- 
stitute a thicker and more protective barrier for calyceal localiza- 
tion of tumours. 

Lymphatic system of the upper urinary tract is as following: 


+ renal pelvis is drained first in to hilar nodes and then to para and 
retrocaval nodes on the right and para-aortic nodes on the left; 


+ proximal ureter is either drained directly to para and retrocaval 
nodes on the right and para-aortic nodes on the left or through 
the hilar nodes; 


+ distal ureter is drained towards pelvic lymph nodes. 


Lymphatic spread depends on localization of the tumour and on its 
grade and stage. 

Once these nodes are affected, extension progresses towards the 
thoracic duct, mediastinum, and supraclavicular nodes. 

Metastases are rarely inaugural. Most common sites are bone 
(32%), lung (25%) and liver (24%).?>7° Tumour grade, stage, and 
presence of lymphovascular invasion appear to be most important 
predictors of metastatic dissemination. 


Pathology 


Normal urothelium is the epithelium that covers the entire urinary 
tract including the bladder and the urethra. The aspect that matters 
the most for pathology classification and management decisions, is 
the thickness of the underlying tissues: a muscular mucosa in the 
renal pelvis, laying on the renal hilum fat; a thin subepithelial con- 
nective tissue for the ureter. 


Histological types 


Urothelial carcinomas constitute the vast majority of upper urinary 
tract tumours (95%). Of these, transitional origin is the most com- 
mon; followed by squamous cell carcinomas and adenocarcinomas. 
They are very similar to bladder urothelial carcinomas. 

Urothelial carcinomas are of several types: 


¢ papillary tumours are the most common (85%). They are more 
or less differentiated. The pelvic location is the most frequent 
(Figs 6.25.1 and 6.25.2). There, they can be bulky and infiltrate 
the renal parenchyma. In the ureter, they may be revealed by an 
obstructive symptom (Figs 6.25.3). 


Non-invasive tumours are characterized by an exophytic papil- 
lary proliferation of the urothelium. The layers of urothelium are 
multiplied but the lamina propria is preserved. Depending on the 
cellular and architectural deterioration, the grade of the tumour 
changes. These lesions are classified as pTa. 

Infiltrating tumours are defined as a crossing of the lamina pro- 
pria. When only the subepithelial connective tissue is invaded, 
the tumour is classified as pT1. pT2 tumours are defined as those 
invading the muscle layer. At this point, all tumours are considered 
as high grade. If periureteric or peripelvic fat or renal parenchyma 
is invaded, then the tumour is considered pT3 and pT4 if adjacent 
organs or perinephric fat are invaded. 


Fig. 6.25.1 Non-invasive tumour of the renal pelvis. 


+ Carcinoma in situ is frequently associated to high-grade infiltrat- 
ing papillary tumours. It is actually considered by some to be a 
precursor of infiltrating tumours. Though lamina propria is pre- 
served, cyto-nuclear atypias, mitosis, and architectural disorders 
are seen. It may be single or multifocal.?8? 


+ Sessile tumours are rare. They are often infiltrating and of 
high grade. 


Other subtypes of carcinomas are rare: 


squamous cell carcinoma constitutes 0.7 to 7% of the UTUC. 
Usually single, localization is often pelvic. They are often of high 
grade and have a poor prognosis. Association to chronic infec- 
tion, or calculi is common. 


+ Adenocarcinoma may occur. It represents less than 1% of upper 
tract tumours. Association to chronic infection and calculi is 
common. Three types are described: tubulovillous, and mucin- 
ous, more common and more aggressive, and papillary nonintes- 
tinal type, rare but with a better prognosis. 


Fig. 6.25.2 Tumour of the renal pelvis which starts to invade the renal 
parenchyma. 
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Fig. 6.25.3 Obstructive and bulky tumour of the ureter. 


+ Neuroendocrine carcinomas represent less than 0.5% of urin- 
ary tract tumours and include: small cell carcinomas (40 cases 
described), large cell carcinomas, and carcinoid tumours. They 
are usually associated with an urothelial contingent. 


Tumour classification 


Classifications mimic those of the bladder. The actual Tumour 
Node Metastasis staging system is the Union Internationale Contre 
le Cancer (UICC) 2009 TNM classification. It allows a prognostic 
classification of tumours. 

It has been suggested that for pelvic tumours pT3 tumours should 
be divided into pT3a for a microscopic invasion of the renal paren- 
chyma (<5 mm) and pT3b for a macroscopic invasion invasion of 
the renal parenchyma or invasion of peripelvic fat. Langner and al 
showed that pT3a and pT3b tumours have similar prognosis to pT2 
and pT4 tumours respectfully. 

Papillary lesions are more often of higher stage than sessile ones. 

A correlation between stage and grade has been proven, with 
both characteristics evolving the same way. 


Grading system 
Until recently, as for bladder cancer, UTUC were divided into a 
grade 1 to 3 classification.”*?° That was the 1973 World Health 
Organization (WHO) classification. But advances in molecu- 
lar biology allow distinguishing three groups of non-invasive 
tumours: papillary urothelial neoplasia of low malignant potential 
(extremely rare), low-grade carcinomas and high-grade carcino- 
mas (WHO 2004 classification). 

However, this new classification is limited by the conversion 
from the 1973 classification: 


¢ 1973 grade 1 includes the low malignant potential papillary 
urothelial neoplasia and part of the low-grade carcinomas; 


+ 1973 grade 2 includes the rest of the low-grade and some of the 
high-grade carcinomas; 


+ 1973 grade 3 includes the rest of the high-grade carcinomas. 


Prognostic factors 


The most important prognostic factors appear to be tumour stage 
and lymph node status. 


Patient-related factors 


Age of occurrence of UTUC is high and the older the patient is, the 
worse the prognosis is. Several studies have concluded that worse 
prognosis is associated with chronological age. 

Historically female sex was considered a pejorative prognostic 
factor. However, after several recent large multi-institutional stud- 
ies have established that female or male patients have the same sur- 
vival rates, gender is not considered to be a prognostic factor any 
longer. 

Health status is increasingly being assessed as a potential prog- 
nostic factor. 

This characteristic is important since the population affected by 
UTUC is often old and presents important co-morbidities. Two 
health status scores have been assessed: 

The American Society of Anaesthesiologist score (taking into 
account several co morbidities) in a recent retrospective multi- 
institutional study (including 554 patients) was correlated to onco- 
logical outcome after radical treatment. 

However, the Eastern Cooperative Oncology Group Performance 
Status score (ECOG PS) was assessed in another recent retrospect- 
ive collaborative study including 427 patients and was not associ- 
ated to recurrence-free survival or specific survival after radical 
treatment. 

Lastly, current smokers at diagnosis have a higher risk for poor 
oncologic outcomes; obesity and higher BMI adversely impact can- 
cer outcomes in UTUCs 


Tumour stage and grade 


Tumour stage is probably certainly the most significant prognos- 
tic factor for UTUC. There is clear cut-off for survival between 
non-invasive and invasive tumours. Five year cancer-specific sur- 
vival rates are 90%, 85-90%, 70-80%, 30-50%, and 0-30% for Ta 
tumours, pT1, pT2, pT3, and pT4 tumours, respectively.*! A recent 
retrospective study, from Shariat et al. suggests that pT3 pelvical- 
yceal tumours should be subclassified as pT3a (microscopic inva- 
sion of the renal parenchyma) and pT3b (macroscopic infiltration 
of the renal parenchyma); as the latter stage had worse recurrence- 
free and cancer-specific survival and was identified as an independ- 
ent prognostic factor. 

Tumour grade as a prognostic factor is debated.*?-38 High grade 
is strongly associated to tumour stage; invasive lesions being very 
often of grade 3. Whether tumour grade influences survival was a 
matter of debate at the time of single institution small retrospect- 
ive studies. But more recent collaborative group studies show that 
higher grade is associated with worse oncological outcome. 

Clinical grade (biopsy tumour grade) allows a prediction of final 
grade though sensitivity is not perfect, as we will see in the diagnos- 
tic paragraph. Clinical stage is much more unreliable than clinical 
grade; either through biopsy (difficulty to obtain underlying mus- 
cle) or through imaging (poor predictive value).3?-50 


Tumour location 


Intuitively one would think that ureteral location confers worse 
prognosis to UTUC because of the thin wall surrounding the ureter 
compared to the thickness of the renal parenchyma. 

However, according to recent findings, there is a prognostic 
impact of tumour location when adjusted for tumour stage: ureteral 
and multifocal tumours have a worse prognosis than renal pelvis 
tumours.°!5293 
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Others pathologic factors 


Whether a sessile or papillary tumour is more aggressive has been 
the subject of several reports. Most conclude that a sessile lesion has 
a worse prognosis. A sessile architecture appears to be correlated to 
invasive, higher grade, lymph node involvement, and lymphovas- 
cular invasion. 

Lymphovascular invasion (LVI) is an important step of the meta- 
static spread and it is present in nearly 20% of UTUCs.>*5° First, the 
lymphovascular space of the peritumoral space is invaded before 
extension to the first lymph node involved. LVI is associated to 
tumour stage, grade, sessile architecture, positive lymph nodes, con- 
comitant carcinoma in situ (CIS) and tumour necrosis; all of pejora- 
tive prognosis and is also an independent predictor of poor prognosis 
for cancer-specific survival and recurrence-free survival.*° 

Lymph node involvement is a predictor of aggressiveness. It is 
correlated to tumour stage and grade. Cancer-specific survival is 
around 30% at 5 years in case of positive lymph nodes.°” 

Lymph node density is defined as the rate of positive lymph 
nodes on the overall number of lymph nodes retrieved from the 
lymph node dissection. Bolenz and al stratified patients according 
to their lymph node density: over 30% of lymph node density; can- 
cer-specific and recurrence-free survival worsens.” However, the 
templates of lymph node dissection are not precisely defined yet as 
we will see later in this chapter. 

Concomitant CIS in the final nephroureterectomy specimen is 
probably a risk factor for worse recurrence-free and cancer-specific 
survival according to several studies.5®6%61 

On the other hand, CIS alone on the specimen has a fairly good 
prognosis (90%) cancer-specific survival at three years if radical 
treatment is applied. 

Tumour necrosis is observed in several types of cancers. It is 
usually a reflection of tumour aggressiveness from intense prolif- 
eration.®? Neovascularisation is necessary but if growth is to rapid; 
hypoxia induces necrosis. Two large multi-institutional studies have 
assessed tumour necrosis as a potential prognostic factor. However 
most single studies state that tumor necrosis (especially if extensive, 
accounting for more than 10% of total tumour mass) is a pejorative 
prognostic factor for recurrence-free and cancer-specific survival. 


Other factors 


It appears from several studies that preoperative hydronephrosis 
at imaging is correlated to advanced stage and to worse progno- 
sis.66465 Symptoms at diagnosis are probably not related to cancer- 
specific survival though advanced lesions seem more symptomatic 
than non-invasive tumours. 


Molecular markers 


Several molecular markers have been assessed for UTUC but due to 
the rarity of this disease and the limited number of patients of the 
studies, none of the markers has fulfilled the clinical criteria neces- 
sary to support their introduction in clinical decision-making.© 
Multiple tissue-based markers have been assessed. p53 is prob- 
ably correlated with tumour aggressiveness. Overexpression of 
Ki-67, EGFR, Bcl2, and survivin have been studied and either cor- 
relate to tumour aggressiveness or were proven to be independ- 
ently correlated to survival.” For blood-based markers, such as 
C-reactive protein (CRP) elevation or elevated blood cells counts 
were assessed in small retrospective studies and were corre- 
lated to survival. However, the data is to scarce to allow definite 


conclusions. Microsatellite instability may be a predictor of overall 
survival (conclusion from a single institutional study) but has to be 
assessed in further studies.68-71 


Prediction tools in UTUC 


Few prediction tools have been developed to help clinicians in their 
management decision-making. 

Two preoperative models for prediction of tumour stage have 
been developed: 


Margulis and al developed their nomogram using preoperative 
data such as tumour grade, architecture, and location; achieving 
76.6% of accuracy for predicting non-organ confined tumours.’? 


+ Favaretto and al combined preoperative imaging and endoscopic 
data (local invasion and hydronephrosis on imaging; high-grade 
tumour at ureteroscopy and tumour location at ureteroscopy) to 
creat a predicting tool with around 70% prediction accuracy for 
muscle-invasive and non-organ confined lesions.’ 


There are two nomograms that can predict survival rates in a post- 
operative setting based on standard pathologic features: one com- 
ing from an international group and the other one built from a 
european population only (available at http://labs.fccc.edu/nomo- 
grams/nomogram.php?id=66&audience=1). Both are based on 
age, pT and pN stage, and tumour grade.7475 


Diagnostic 

Symptoms 

Gross haematuria is the most common symptom at diagnosis of 
UTUC. It can be gross or microscopic; total or terminal if the 
tumour affects the very distal part of the ureter. Depending on the 
series, haematuria occurs in 70 to 80% of cases. Flank pain can 
occur in 20 to 30% of cases. Renal colic is possible due to a blood 
clot in the upper tract or to the migration of a fragment of tumour. 
However, often, the pain is dull, with a slow and chronic obstruc- 
tion of the upper urinary tract. A flank or abdominal mass can be 
palpable in some advanced cases. Locally or metastatic disease 
might be revealed by asthenia, anorexia, weight loss.In some rare 
cases (10%), diagnosis is fortuitous.”® 


Imaging 
Historically, intravenous pyelography was the gold standard for 
UTUC diagnosis. However, it is now superseded by computed 
tomographic urography (CT urography).””78:79 

Intravenous pyelography has a sensitivity of about 55 to 90% 
according to the series. 

Radiocontrast agent must be of low osmolarity to avoid dilution 
by diuresis. 

The description of the lesions is well established: 


+ Filling defects are classical. They may be single or multiple; 
smooth, irregular, or stippled. 


+ Obstructing tumours may present with stricture like images and 
with ureteric dilatation. At the most, renal function might be 
poor and contrast excretion delayed or non-existent. 


+ Calcifications occur in 2 to 7% of tumours and may mimic stand- 
ard renal or ureteral calculi. 


Retrograde pyelography is usually performed during cystocopy 
under general anaesthesia. Description of the lesions is very similar 
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to intravenous pyelography. Selective cytology being possible dur- 
ing the same procedure, retrograde pyelography is very sensitive 
and specific (96 and 97%). 

CT urography is nowadays the imaging technique with the high- 
est accuracy for UTUC.®08182 It allows a vision of the entire urin- 
ary tract in a single breath-hold, assessment of the urinary tract 
lumen and wall and a loco regional evaluation. 

Acquisition protocol is rigorously set. It is multiphasic: 


+ First phase is performed pre-enhancement to exclude a lithiasis. 


+ An early corticomedullary, late arterial phase follows (40 seconds 
after infusion), ruling out a possible vascular abnormality. This 
phase is not mandatory. 


+ Anephrographic phase (90 to 120 seconds after infusion) allows 
assessment of the renal parenchyma and tumour vascularization. 


+ Finally an excretory phase of the entire urinary tract is necessary 
(6 to 8 minutes after infusion) is necessary for the assessment of 
the urothelium. 


A hyperdiuresis is often performed by furosemid infusion or hype- 
rhydration allowing a complete opacification of the entire urinary 
tract in a single acquisition, which is particularly useful for the dis- 
tal ureter considering ureteral peristaltsis. 

Post-processing with MIP (maximum intensity projection) and 
MPR (multiplanar reformatted images) allows three-dimensional 
reformations. Coronal reformation is particularly useful allowing 
an equivalent of intravenous pyelography. 

Urothelial tumours have a tissue density (40-50 UH) within 
the urinary tract, isodense to renal parenchyma, with moderate 
enhancement after contract infusion (60-70 UH) and appear as fill- 
ing defects at the excretory phase (Figs 6.25.4 and 6.25.5). 


Fig. 6.25.4 Computed tomographic (CT) urography: multifocal upper urinary 
tract urothelial carcinoma (UTUC) of the left renal pelvis (thickness of upper 
tract wall). 


Fig. 6.25.5 CT urography: multifocal UTUC of the ureter and renal pelvis. 


Differential diagnoses of filling defects are calculi, blood clots, 
fungus ball, or ureteritis cystica. 

CT urography may be useful for staging: in pelvicaliceal lesions 
are separated from the renal parenchyma by a fat plane or of con- 
trast medium, the tumour is considered T1 or T2. Infiltrating renal 
pelvis tumours usually preserve the shape of the kidney, unlike 
renal cell carcinoma an infiltrating ureteral lesion will appear as an 
irregular wall thickening with or without upstream dilatation.8384 

On a recent meta-analysis CT urography was proven to have a 
pooled sensitivity and specificity of 96% and 99%, respectfully.7”7? 

MR urography may be useful in cases of contraindication of CT 
urography only.*> UTUC being isointense to renal parenchyma in T1 
and T2 weighted phases, gadolinium use is recommended to obtain 
a certain enhancement, which will however not be as intense as for 
renal parenchyma allowing a differentiation between both tissues. 
However, MR urography with gadolinium-based contrast media 
is also contraindicated in patients with severe renal impairment 
(<30 mL/min creatinine clearance) due to the risk of nephrogenic 
systemic fibrosis. 


Ureteroscopy 


Flexible ureteroscopy is a precious diagnostic tool for UTUC 
(Fig. 6.25.6). It is superior to rigid ureterosopy in that it allows 
an exploration of the calyceal cavities. Examination of the ureter 
is possible and must be performed from the pelvis to the bladder 
otherwise vision is mediocre. 

The exploration of the renal tract allows direct vision of the 
lesions, biopsies, selective cytology.868788 However, it can happen 
that inferior calyx cannot be biopsied as the introduction of the 
biopsy forceps limits the deflection capacities of the ureterosope. 
Diagnostic sensitivity of biopsies reaches 89 to 95%. 

The biopsy is better in predicting grade than stage. However, 
grade prediction sensitivity varies greatly according to studies, 
from 58% to 92%, of accuracy in prediction of high-grade tumours 
and upgrading from after radical treatment is not uncommon. The 
limits of the biopsy are mainly the quality of the material sent to 
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Fig. 6.25.6 Flexible ureteroscopy: digital magnified vision of a tumour at the 
bottom of the lower cayx (zoom 135%). 


pathology: sample sizes, no papillary fronds, crush artefacts, and 
distorted architecture. The size of the sample (avoiding urinary 
tract perforation) limits the ability of predicting stage. 

Flexible ureteroscopy is a rapidly evolving technology: endo- 
scopes are smaller, more flexible allowing exploration of over 95% 
of the urinary tract. Vision is better with digital endoscopes.!®° 

The recent digital endoscopes allow narrow band imaging (NBI). 
This optical technique of imaging enhancement uses the capacity 
of tissue to more or less absorb narrow band light: several inter- 
ference filters are used limiting the wavelength of white light to a 
narrow band (415-540 nm). At such a wavelight, blood vessels, 
tumours absorb the light being immediately emphasized by NBI. 
Initial studies report increased detection rates for NBI versus con- 
ventional white light (about 22%).°° 

Photodynamic diagnosis is starting to be assessed for upper tract 
lesions. It has been proven to be efficient for tumour detection 
in bladder. Fluorochromes are instilled and are absorbed by the 
urothelium. After excitation at a certain wavelength, fluorescence 
contrast between normal and pathological urothelium theoretically 
allows distinction. However, only few small studies have assessed 
this technology for the upper tract. 

Cystoscopy will be performed to exclude a concomitant blad- 
der tumour. It also performed when a retrographe pyelography is 
planned. 


Cytology 


It is the analysis of cells obtained from desquamation of the urothe- 
lium. The sample is taken either from voiding or from endoscopy. 

Specificity is relatively high (>90%)but sensitivity is limited, espe- 
cially for low-grade tumours (35-65%).! A mean of improving sen- 
sitivity is to perform a selective cytology directly in the concerned 
tract. If cystoscopy is normal, with bladder CIS excluded, a positive 
cytology is highly indicative of a probable UTUC. 

Often, cytology is obtained directly in situ after retrograde pyel- 
ography. However, it has been suggested that contrast agents, affect 
directly the quality of the sampling by falsely worsening it. 

Pathologists use Papanicolaouw’s classification. Though sensitivity 
is not high, combining cytology, to imaging with a filling defect for 


example is very significant. Cytology may also benefit from fluro- 
scence in situ hybridization (FISH) (Urovysion kit from Abbot): it 
allows detecting molecular abnormalities in cells during the inter- 
phase. Sensitivity varies between 81 and 85% with a specificity of 
97%, though sensitivity decreases for low-grade tumours in pre- 
liminary reports. 


Markers 


Several biological tests (NMP22, BTA test, Immunocyt) have been 
developed for diagnosis of urothelial carcinomas. Initially intended 
for bladder tumours, they have been studied in the upper tract con- 
text but no one has entered daily practice so far. 

To date, the following investigations are recommended for the 
diagnosis of UTUC: urinary, cytology, cystoscopy, CT urography, 
retrograde ureteropyelopgraphy and diagnosis ureteroscopy and 
biopsy (if suspicion of small volume tumour). 


Treatment 


Localized disease 


Radical treatment: nephroureterectomy 
Radical nephroureterectomy (RNU) has remained to date the gold 
standard treatment for UTUC for 75 years. The rule is to remove 
the entire upper urinary tract, kidney (perinephric fat included), 
and ureter, as well as a 2 cm bladder cuff which is essential. Another 
imperative is to preserve the urinary tract to avoid tumour cell dis- 
semination. Open RNU was the gold standard of radical treatment 
but laparoscopic surgery is increasingly popular.84-88 It seems that 
laparoscopic oncological results are equivalent to open surgery as 
long as experimented laparoscopic surgeons perform it. However, 
locally advanced tumours might benefit more from open surgery 
than laparoscopy, as in a prospective randomized trial comparing 
both approach, pT3 tumours had worse survival after laparoscopy. 
The delay between diagnosis and radical treatment is important 
as a delay longer than three months for invasive tumours was asso- 
ciated with cancer-specific survival. 


Open surgery 
Two modalities of access are available and have equivalent onco- 
logical results: 


+ A single midline incision allowing access to both the kidney and 
the distal ureter. 


+ Two separate incision: a lumbotomy for the kidney and a second 
incision (Gibson incision, Pfannenstiel, or a short subumbilical 
midline incision) for the distal ureter and bladder cuff. 


Laparoscopic surgery 

Allowing less perioperative morbidity and earlier hospital dis- 
charge, laparoscopic approach must be performed respecting all 
the oncologic rules that apply to open surgery. 

A transperitoneal or retroperitoneal approach is possible, 
depending on the surgeon's experience; neither has been proven to 
be superior to the other. The only matter of discussion concerns the 
management of the distal ureter as we will learn later. 

Robotic surgery is being assessed as well; but only small reports 
exist and no definite conclusion can be made. According to the 
most recent data, open and laparoscopic access are equivalent in 
terms of efficacy. 
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Distal ureter management 
Bladder cuff resection is a priority in the radical management of 
UTUC. Several techniques have been described. The classical gold 
standard is open management. The lower ureter is clipped and 
removed with the bladder cuff in the en-bloc specimen. 

Pure laparoscopic management of the distal ureter is possible. 
Two main techniques of securing the ureter are described: 


+ Extravesical stapling of the ureter. This technique is combined 
with the unroofing technique described further in this para- 
graph. The ureter is dissected, gently pulled, and a stapler is place 
near the ureterovesical junction. Disadvantages are that there is 
not precise control on the intramural ureter; there is a theoretical 
risk of lithiasis formation on the metallic staples. 


+ The transvesical approach: transvesical laparoscopic ports are placed, 
allowing intramural dissection of the ureter orifice after placement 
of a PDS Endoloop at the ureter tip preventing urine leakage. 


Several endoscopic techniques have been described, allowing 
shorter operative time and are especially useful for patients with 
poor health status.”””° Though comparative studies versus open 
bladder are small and retrospective, it seems that most techniques 
have higher recurrence or positive margins rate. 


+ The stripping of the ureter is performed by introducing an uretheral 
catheter in the ureter and at the end of the nephrectomy; the ureter 
is sectioned above the catheter which is attached to the ureter. By 
pulling on the catheter, the ureter is then stripped. The introverted 
ureter is freed from the bladder with an endoscopic section. 


+ In the pluck technique, the ureteral orifice is disarticulated from 
the bladder wall in performing an endoscopic resection of the 
entire intramural ureter with a theoretical risk of cancerous cell 
dissemination. To minimize that risk, a PDS Endoloop or clip 
can be placed endoscopically on the ureteral orifice. 


+ The unroofing technique is performed by sectioning the intra- 
mural ureter on its anterior part; electrocautering the posterior 
intramural ureter. To avoid urine leakage an uretheral dilatation 
balloon is placed in the renal pelvis and the ureter is dissected 
laparoscopically and detached. 


In conclusion, a bladder cuff must always be performed when pos- 
sible; with open technique still being the gold standard. 


Lymphadenectomy 

Allowing a better staging of the disease, lymphadenectomy gives a 
chance to reduce tumour mass and eventually giving a chance of 
systemic adjuvant treatment. However, the template of lymph node 
dissection still has to be defined. For Kondo et al. the site of lym- 
phadenectomy should depend on initial tumour location. For a pel- 
vic or upper ureter, tumour lymph node dissection should include 
para cava, retro cava, and interaortico cava nodes for the right side 
and para-aortic nodes on the left side. For a lower ureter location, a 
pelvic lymph node dissection should be performed. 

Therapeutic benefice of lymph node dissection remains a moot 
point. For Roscigno and al lymphadenectomy should be performed 
for patients suspicious of invasive tumours since pNx patients 
had worse survival rates than pNO for pT2-4 patients. However, 
another study from Lughezzani and al concluded in contradict- 
ory results with no benefit observed from lymph node dissection. 
The lack of standardized template or indications for lymph node 
dissection is an explanation of discrepancies in the results. Some 


teams have suggested that the number of lymph nodes removed 
plays a prognostic role: 8 nodes being the threshold for better sur- 
vival. Still, lymphadenectomy remains recommended in all cases of 
invasive UTUC. 


Nephron-sparing procedures 


Initially reserved for imperative indications (solitary kidney, bilateral 
lesions, major co-morbidities) conservative management has become 
an option along with radical treatment for selected patients: impera- 
tive indications, or low-stage, low-grade, and single lesions. The 
choice of the technique depends on surgeons experience, location 
of the tumour. Close follow-up is necessary after these techniques. 


Segmental ureterectomy 
In case of a distal ureter tumour, segmental ureterectomy can be pro- 
posed. A bladder cuff remains mandatory. The resection is followed 
by an ureterovesical anastomosis, with or without antireflux mechan- 
ism or on a psoic bladder. Laparoscopic and robotic cases have been 
described. If the tumour is located in the mid-ureter, a segmental 
ureterectomy is possible with a direct ureteroureteral anastomosis. 

In case of pyelocalyceal location, the nephrectomy, or a subtotal 
nephro-ureterectomy may be performed. Partial renal pelvis resec- 
tions have been described but are technically difficult and have 
poor oncological outcomes. 

Oncological outcomes after segmental ureterectomy are accept- 
able when indications are respected.°49>-"6 


Endoscopic management 

Endoscopic management has flourished with the coming of smaller, 
digital ureteroscopes, and laser allows direct management of the 
tumours during endoscopy. With advances in fiberoptic technol- 
ogy and ever smaller calibre instruments, open surgery is being 
superseded progressively by less invasive endoscopic procedures. 
Consequently, first-line nephron-sparing strategies (NSS) are being 
increasingly performed; not only for imperative cases (i.e. solitary 
kidney, bilateral disease, or renal insufficiency) but also for patients 
with a normal contralateral kidney.?°-” 


Ureteroscopic management 

This is, by far, the most promising technique to treat UTUC and 
its use in on constant expansion worldwide. Small lesions may be 
removed directly with the biopsy pliers. Otherwise laser vaporiza- 
tion will help treat the tumours. A ureteral catheter will be placed 
and keeped for 24/48 hours after resection. Inferior calyces loca- 
tions may be a limit to this treatment and voluminous lesions may 
require several sessions of treatment. In all cases, complete resection 
is mandatory as well as cauterization of the implantation zone of the 
tumour. Rare cases of ureter perforation or postoperative stenosis 
occur but do not seem to impact overall prognosis. When it comes 
to ureteroscopy, most teams deal exclusively with pure flexibles 
endoscopes nowadays rather than than rigid ureteroscopes.?-* 


Percutaneous management 
Reserved for pyelocalyceal or proximal ureter lesions, this approach 
is progressively being abandoned with technological progresses for 
ureteroscopes. A theoretical risk of tumour seeding exists but has 
actually very rarely been described.?”"® 

According to the last guidelines, nephron-sparing procedures in 
UTUCs should be advocated in: unifocal tumour, small tumour, 
low-grade tumour (cytology or biopsies) without evidence of an 
infiltrative lesion on CT urography. 
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Close and repeated follow-up 


Fig. 6.25.7 Flow chart for the management of UTUC. 


To summarize UTUC management, we propose the flow chart 
in Figure 6.25.7. 


Adjuvant topical therapy 


Adjuvant therapies instilled percutaneously or through a ureteral 
stent have been assessed after conservative management. Bacille 
Calmette-Guérin (BCG) or mitomycin C have been used.?%!00101 

The major drawback for instillation in the upper tract relies on 
whether or not treatment would remain at the tumour site for a 
sufficient period to cause a satisfactory antitumour effect, with a 
relative short duration of exposure. The most reliable access to the 
upper urinary tract remains via a nephrostomy tube large enough 
(e.g. 10F) left in place after percutaneous resection or fulguration, 
or placed under local anaesthesia and in the prone position, under 
ultrasound control. This procedure allows for reliable and iterative 
exposure of the urothelium to the topical agent. The topical agent 
can be delivered by retrograde reflux from the bladder with an 
indwelling double-] stent in the Trendelenbourg position. 

One major drawback with ureteric stents’ 4F is the possible ureteric 
obstruction and subsequent pyelovenous influx during instillation. 
Furthermore, a ureteric catheter can theoretically lead to an increased 
risk of injury of the pyelocaliceal mucosae. In addition, it is often 
difficult to complete filling of the pyelocaliceal system and often the 
superior calyx remains unfilled. A role for BCG in the management 
of UT CIS has been demonstrated in retrospective studies, although a 
definitive efficacy of adjuvant topical therapy after endoscopic resec- 
tion of Ta/T1 tumours has not yet been proven. No individual study 
has shown a statistical improvement in survival and recurrence rates. 


Advanced disease 


Radical nephroureterectomy 

RNU is not recommended in the setting of metastatic tumours. 
However, it may be performed for symptomatic patients in a pallia- 
tive situation to ease pain and local symptoms. 1102-103,104,105 


Chemotherapy 
Chemotherapy regimens are the same as for bladder cancer. They 
are platinum based. Contrary to what has been demonstrated for 
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Gold standard surgery: 
Radical nephroureterectomy 


Recurrence 


bladder cancer, there have been no reported effects of neoadju- 
vant chemotherapy for UTUCs in the only study published so 
far. Results of adjuvant chemotherapy come from small studies 
and conclusions are difficult to make. There is probably a gain 
in recurrence-free survival but no gain of cancer-specific survival 
in particular for advanced stage (<pT3) or metastatic patients. 
In addition, not all the patients receive this treatment because of 
co-morbidities and impaired renal function after radical surgery. 
Adjuvant chemotherapy can somehow achieve a recurrence-free 
rate of up to 50% but has clearly no impact on survival. Further 
data are awaited from the ongoing prospective randomized 
POUT trial (PeriOperative chemotherapy or sUrveillance in 
upper Tract urothelial cancer) with was launched in 2012 in the 
United Kingdom. !104:105,106,107 


Radiotherapy 

Adjuvant radiotherapy has a very limited role in UTUC. Local 
control, or survival does not seem influenced by radiation ther- 
apy. Combination to chemotherapy is advised but benefice is very 
limited. 


Follow-up 


Most recurrences occur in the two years following radical treat- 
ment. Radical treatment allows minimizing the risk of local 
recurrence and the risk is mainly a regional or distant recur- 
rence, with risk factors described earlier. However, regular 
cystoscopy is mandatory because bladder recurrence is always 
possible. ! 

After RNU, cystoscopy and urinary cytology must be performed 
at 3 month after treatment than yearly for 5 years according to 
european guidelines. A CT Urography has to be performed every 
year for five years for non-invasive tumours but every 6 months for 
two years than yearly for three years for invasive tumours. 

In case of a conservative management, follow-up is extremely 
important and stringent. Cystoscopy, ipsilateral ureteroscopy and 
in situ cytology are required at three, six months, than every six 
months for two years and than yearly for three years. CT Urography 
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should be performed at three and six months, then yearly for 
five years. 


Conclusion 


The field of evidence-based medicine has grown largely in recent 
years for UTUCs. The numbers on the PubMed website (http:// 
www.ncbi.nlm.nih.gov/sites/entrez) speak for themselves, with less 
than 306 publications between 1990 and 1999 dedicated to upper 
tract tumours versus 778 publications between 2000 and 2010. 
This trend demonstrates perfectly that new insights, new concepts, 
new clinical and basic research, and new therapeutic findings are 
becoming readily available. Moreover, even if we are dealing with a 
rare tumour type, more collaborative studies (primarily published 
by two groups, the UTUC International Collaborative Group and 
the French Collaborative Database on UTUC) are providing mean- 
ingful scientific data and even predictive tools, such as nomograms. 
To conclude, the molecular characterization and management of 
UTUCs has progressed considerably over the last decade. In add- 
ition, surgery is moving towards minimally invasive techniques that 
spare the kidney’s functional unity as much as possible. However, 
it has taken a century to move from the era of treating the ‘urin- 
ary apparatus’ to tumour detection and identification by molecular 
biology techniques. 
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The aetiology, epidemiology, 
clinical features, and 
investigation of kidney cancer 


Nilay Patel’, David Cranston, and Mark Sullivan 


Introduction to renal cancer 


Renal cancer is the most lethal malignancy, with 33-44% of patients 
dying as a result of the disease.!* While 50% of patients present 
with organ-confined disease, 25% of present with metastases and 
another 25% of patients with go on to develop recurrent or meta- 
static disease during follow-up. Surgery is the mainstay of treat- 
ment for organ-confined and locally advanced disease. A plethora 
of novel targeted therapies are now available for the treatment of 
metastatic disease, some with promising results. 

Renal cancers arise most commonly from the renal parenchyma. 
More than 90% of kidney tumours are renal cell carcinoma, which 
has several distinct subtypes—clear cell, papillary, chromophobe, 
and collecting duct. The remaining 10% are comprised of upper 
tract urothelial carcinoma, lymphoma, sarcoma, and benign solid 
tumours such as oncocytoma and angiomyolipoma. Around, 96% 
of cases of renal cancers are sporadic with 4% occurring in patients 
with known hereditary renal cancer syndrome. 


Incidence 


Worldwide, 271,000 new cases of kidney cancer were diagnosed 
in 2008 making it the thirteenth most common malignancy in the 
world.? The incidence of kidney cancer varies across and within 
continents, with the highest incidence rates recorded in Europe 
and North America, and the lowest rates in Asia and Africa. In the 
European Union approximately 88,400 new cases of kidney cancer 
were diagnosed in 2008,4 making it the tenth most common cancer. 
Malignant tumours of the kidney accounted for about 4% of can- 
cers in the United States, with over 54,000 new diagnoses in 2008.! 
In the United Kingdom, kidney cancer is the eighth most common 
cancer, accounting for approximately 3% of all new cases. Statistics 
from Cancer Research UK showed that in 2009, there were 9,286 
new cases of kidney cancer in the United Kingdom; 5,706 (61%) in 
men and 3,580 (39%) in women. The male to female ratio for renal 
cancer incidence rates vary from 1.6-2:1.° 

Age-adjusted incidence rates are considered the best way of 
evaluating incidence rates and patterns of disease. In Europe the 
estimated age standardized kidney cancer incidences per 100,000 
(ASR) for males is 15.8 and 7.1 for females,* while worldwide the 


+ Deceased 


ASR for males is 5.2 and 2.8 for females.? The incidence of renal 
cancer has been by increasing worldwide since the early 1970s by 
approximately 2% per year. In European, the ASR incidence rates 
have more than doubled between 1975-1977 and 2007-2009. This 
trend has started to change in recent years, with the incidence of 
renal cancer in Sweden, Finland, and the Netherlands starting to 
decrease. In the United Kingdom the incidence of renal cancer 
has increased for all age groups since the mid-1970s with the larg- 
est increase observed in people over 75 years of age (Fig. 6.26.1). 
Similar increases have been observed in the United States, where 
the incidence of kidney cancers diagnosed between 1975 and 2006 
has risen consistently over time, with the most rapidly increasing 
kidney cancer incidence seen in patients younger than 40 or those 
aged 60 to 79.! A relative decrease in incidence has been observed 
above the age of 80, though this may be a consequence of lower 
investigation rates in this population group. Contemporary data 
from the United States has shown that the age-adjusted incidence 
rate of renal cancer rose from 7.6 in 1988 to 11.7 in 2006 which 
equates to a estimated annual percentage increase of 2.4%.6 

The introduction of computed tomography (CT), into everyday 
medical practice for evaluation of abdominal symptoms or follow- 
up of other unrelated malignancies has contributed to the increased 
detection of incidental renal tumours over the past three decades. 
Historically renal tumours were diagnosed on the basis of excre- 
tory urograpy or renal ultrasound. The use of computed tomog- 
raphy (CT) scanning has increased exponentially during the 1990s, 
and the improved sensitivity of CT imaging for identifying renal 
masses has resulted in a downward stage migration at presentation 
with an increasing proportion of patients presenting with inciden- 
tal localized renal tumours. The increased incidence of renal can- 
cer is not however, confined just to localized disease. A historical 
study conducted in the United States using a SEER data set from 
1975-1995 found that kidney cancer incidence increased for local- 
ized and more advanced tumours.’ This observation suggests that 
the increase in incidence is the result of increased detection and 
additional unidentified environmental influences. Subsequent data 
from the SEER database showed that this pattern had changed 
with increases confined to localized tumours, with the greatest 
rise in incidence seen in patients with tumours <2 cm in size.! The 
most recent update using stage-specific age-adjusted incidence 
rates showed that the incidence of localized disease has continued 
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Fig. 6.26.1 (A) Kidney cancer: average number of new cases per year and age-specific incidence rates, UK, 2007-2009; (B) kidney cancer European age-standardized 


incidence rates, by age in Great Britain, 1975-2009. 


Reproduced with permission from Cancer Research UK, Kidney cancer incidence statistics, Copyright © Cancer Research UK, http://www.cancerresearchuk.org/cancer-info/cancerstats/types/ 


kidney/incidence, accessed July 2013. 


to increase from 3.8 in 1988 to 8.2 in 2006 while metastatic dis- 
ease rates decreased during the same period from 2.1 to 1.6.6 The 
observed stage migration has as expected been accompanied by a 
reduction in average tumour size at presentation: tumours of less 
than 4 cm account for 48-66% of new kidney cancers.®” 


Mortality 


In 2008, kidney cancer resulted in 116,000 deaths worldwide, with 
mortality rates twice as high in males compared to females. Global 
mortality rates mirror incidence rates with the highest mortality 
rates in Europe, North America, and Australia and the lowest rates 
in Africa and Asia. In 2008, approximately 2-3% of cancer deaths 
were attributed to renal cancer; 39,300 in Europe, 3,800 in the 
United Kingdom, and 13,000 in the Unites States.!4 


Kidney cancer mortality rates in the United Kingdom for both 
men and women have increased steadily over the past 30 years. 
Male age standardized mortality rates have gone from 4.3 per 
100,000 in 1971 to around 6.0 per 100,000 in 2008 and female 
rates have increased over the same period from 2.1 to 3.1 per 
100,000. Over the course of the past decade, death rates in the 
United Kingdom have started to stabilize. In Europe, mortality 
rates increased consistently up until the early 1990s, where after 
they plateaued. Mortality rates in parts of Scandinavia, France, 
Germany, and the Netherlands, have actually decreased in the past 
decade.4 

It is possible that the downward stage migration of newly diag- 
nosed renal cancers has started to affect mortality rates. Historically 
there has been an assumption that early treatment of low-stage dis- 
ease will result in better survival outcomes. This notion may not 
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be as clear cut as it may at first appear, particularly regarding small 
organ confined renal tumours. 

A study conducted in the United States evaluated outcomes 
between 1983 and 2002 for patients with organ confined renal can- 
cers.!0 The authors observed that the overall age-adjusted incidence 
rate for kidney cancer rose from 7.1 to 10.8 cases per 100 000 with 
the most rapid rise in the incidence being in tumours <4 cm in size. 
This in turn was associated with a near identical increase in the 
number of surgical procedures performed. Rather than improving 
mortality rates, this practice appeared to lead to an increase in all 
cause mortality from 1.5 deaths per 100,000 in 1983 to 6.5 deaths 
in 2002. A contemporary study also conducted in the United States 
between 1988 and 2006, showed a similar trend with mortality rates 
for localized disease increasing from 1.3 in 1988 to 2.4 in 2006.6 
The reasons for this are unclear, however the authors of both stud- 
ies speculated that these findings may represent overdiagnosis and 
overtreatment of localized kidney cancer. 

Overdiagnosis of cancer in general describes the ability to advance 
the time of diagnosis to an asymptomatic stage, without necessarily 
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affecting treatment outcomes. Modern imaging modalities allow 
the early detection of renal tumours well before any clinical signs 
or symptoms become apparent. These improvements in the abil- 
ity to detect renal masses have inevitability led to a rise in inci- 
dence. The subsequent treatment of these tumours has resulted in 
improvements in five-year survival rates, though overall mortality 
rates for kidney cancer have continued to increase. The rise in five- 
year survival rates for localized renal cell carconoma (RCC) cases 
may simply represent earlier detection and treatment, rather than 
evidence of improved treatment efficacy. When early treatment is 
effective, patients live longer and mortality rate decreases, however 
with ineffective treatment mortality rates remain unchanged. 
Lead-time and length biases may account for these inconsist- 
ent observations as both can produce an apparent improvement 
in patient outcomes, without demonstrating any mortality benefit. 
Furthermore, a reduction in the incidence of patients presenting 
with metastatic disease has only recently been demonstrated, and 
it is mainly these patients that mediate mortality (Fig. 6.26.2). It 
may be that most small renal masses have a low intrinsic mortality 
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Fig. 6.26.2 (A) Age-specific mortality rates for kidney cancer, UK males, 1971-2008; (B) age-specific mortality rates for kidney cancer, UK females, 1971-2008. 
Reproduced with permission from Cancer Research UK, Kidney cancer incidence statistics, Copyright © Cancer Research UK, http://www.cancerresearchuk.org/cancer-info/cancerstats/types/ 


kidney/mortality/, accessed July 2013. 
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rates,!! which is only altered fractionally by early treatment, thus 
overall mortality remains unaffected. 

There is emerging evidence that overdiagnosis and overtreat- 
ment of small renal masses may actually be causing harm instead of 
improving outcomes. Numerous papers have demonstrated exces- 
sive cancer-specific or other-cause mortality in patients with small 
localized cancers treated with radical nephrectomy as compared 
to partial nephrectomy.!?~!° It has been shown that a significant 
proportion of these patients develop mild chronic kidney disease 
following surgery,!® the development of which is an established 
independent risk factor for cardiovascular disease and death. 17-18 
This may in part explain the observation from the UK that the larg- 
est increases in mortality rates are in older patients (Fig. 6.26.2). 
These data suggest that at least a proportion of these small detect- 
able lesions represent an indolent form of kidney cancer that may 
not merit surgical intervention.!9.20 


Risk factors 


Race 


Incidence of RCC varies considerably among different ethnic pop- 
ulations.!>! In the USA the age-adjusted incidence rates of renal 
cell cancer are nearly twice as high in black men and woman com- 
pared to the white population.” Interestingly the higher incidence 
of renal cell cancer among blacks is almost entirely in patients with 
localized disease. This observation is in direct contrast to the low 
incidence of renal cancer in African countries.* The incidence of 
renal cancer in Asians is low both in their countries of origin and in 
the Unites States. Immigrants to the USA from Latin America have 
a much higher incidence of renal cancer than countries in South 
America. These ethnic differences in incidence may be attributable 
to various environmental factors. 


Obesity 


Obesity is believed to have played a causal role in the development of 
approximately one-third of renal cancers in Europe and the Unites 
States.52! Obesity has been identified as a risk factor for RCC ina 
number of studies. Individuals who are overweight or obese have an 
increased risk of developing renal cancer in a dose-response man- 
ner. A meta-analysis,” demonstrated that the risk of renal cancer 
increased with elevated body mass index (BMI), with summary risk 
estimates (per 5 kg/m? increase in BMI) of 1.24 in men and 1.34 in 
women. The increased risk in obese patients has been attributed to 
numerous factors including increased exposure to oestrogens and 
androgens, chronic tissue hypoxia, insulin resistance, and compen- 
satory hyperinsulinemia, obesity-induced inflammatory response, 
and lipid peroxidation and oxidative stress.'>?! The global rise in 
obesity is likely to have contributed to the increase in incidence of 
renal cancer over the three decades. The prevalence of obesity has 
started to stabilize in parts of the Western world, which may in turn 
impact on the incidence of renal cancer in the future. 


Cigarette smoking 


Cigarette smoking is a well-established risk factor for renal can- 
cer.}5.2l A meta-analysis of 24 studies showed that a history of 
smoking increases the risk of renal cancer compared to never smok- 
ing.*4 Compared with people who have never smoked, the risk of 
developing renal cancer is increased by approximately 50% in male 
and 20% in female smokers. The association between smoking and 


RCC demonstrates a clear dose-response relationship with higher 
risk estimates associated with heavier smoking. There is only lim- 
ited evidence to suggest that smoking cessation may reduce the risk 
of RCC in ever-smoking men after 10 years of non-smoking.”> 

Cigarette smoking is hypothesized to increase the risk of renal 
cancer through chronic tissue hypoxia resulting from carbon mon- 
oxide exposure.!>?! Experimental studies have suggested that 
increased sensitivity to nicotine-derived nitrosamine ketone in cig- 
arette smoke may predispose susceptible individuals to an elevated 
risk of developing renal cancer. Mutations within chromosome 3p 
are frequently found in renal cancers. Benzo-a-pyrene diolepoxide 
is a metabolic product of the cigarette smoke constituent benzo-a- 
pyrene that increases the risk of developing renal cancer in suscep- 
tible individuals. The prevalence of cigarette smoking has declined 
in Europe and the USA over the last 30 years, which suggests that 
the relative importance of cigarette smoking in the development of 
kidney cancer might fall in developed regions. 


Hypertension 


Hypertension and the use of antihypertensive medications are 
associated with an increased risk of renal cancer.!>7! Studies have 
shown a clear dose-response relationship between elevated blood 
pressure and an increased risk of RCC. The independent contribu- 
tions of hypertension and the use of antihypertensive medications 
have been difficult to separate, as most studies are based on a diag- 
nosis of hypertension which is inevitably associated with treatment 
with antihypertensive drugs. Limited prospective data indicate that 
it is high blood pressure, rather than the use of antihypertensive 
medication that increases renal cancer risk.?° Better control of 
blood pressure may lower renal cancer risk, whereas the use of anti- 
hypertensive medications, is probably not a risk factor. A cohort 
study with sequential blood pressure measurements, observed 
that the risk of developing renal cancer increased with elevation 
of blood pressure and decreased with reduction in blood pressure, 
suggesting that effective control of blood pressure might reduce 
renal cancer risk.?” The biological mechanisms behind the causal 
relationship between hypertension and renal cancer are unclear. 


Acquired renal cystic disease 


Acquired renal cystic disease (ARCD) arises predominantly in 
patients with end-stage renal disease receiving haemodialysis. 1521 
The incidence of RCC in ARCD is up to six times higher than in the 
general population. The risk of developing RCC does not appear to 
decrease after renal transplantation. The pattern of renal cancer in 
those with end-stage renal disease (ESRD) differs from renal cancer 
in the general population, with patients being younger and having a 
higher male preponderance. 


Diabetes 


Diabetes mellitus has been shown to be associated with an increased 
risk of several cancers. A history of diabetes has been linked to an 
increased risk of developing renal cancer in several cohort studies, 
however it has not been possible to demonstrate that diabetes is a 
risk factor independent from obesity and hypertension.}>! 


Nutritional factors and diet 


High daily intakes of fat and protein are associated with increased 
incidence of kidney cancer in both men and women. A weak asso- 
ciation has been observed between with a high intake of processed 
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meat and the development of renal cancer (227 g/day), even 
after adjustment for known risk factors.!°7! A pooled analysis 
of 13 cohort studies found that fruit and vegetable consumption 
was associated with a lower risk of renal cancer.28 Recent studies 
showed a 28% risk reduction in individuals who consumed at least 
15 g of alcohol, regardless of type of alcoholic beverage. 1521 


Occupation 


Though not generally considered an occupational disease, some 
weak associations have been observed between renal cancer and a 
number of known carcinogens.}>! Trichloroethylene is a solvent 
that has been widely used as metal degreaser and chemical additive. 
There is increasing evidence linking trichloroethylene to the devel- 
opment of renal cancer with a large number of studies reporting an 
increase in risk with increasing levels of exposure. Occupational 
exposure to carcinogenic metals and products has been evaluated 
in parts of Europe. A statistically significant association has been 
found for lead, glass fibres, mineral wool fibres, and brick dust. 


Hereditary renal cancer syndromes 


Numerous hereditary renal cancer syndromes have been described 
all of which have an autosomal dominant inheritance pathway. The 
application of molecular techniques has identified a number of 
defective genes that share common metabolic pathways.??*° 

Von Hippel-Lindau (VHL) disease arises as a result of silenc- 
ing mutations in the VHL gene (3p25). The VHL protein regulates 
intracellular levels of hypoxia inducible factor (HIF). Dysfunctional 
VHL occurs in VHL disease and results in the constitutive over 
expression of HIF and its downstream targets. VHL disease is asso- 
ciated with development of clear cell renal cell carcinoma, phae- 
chromocytoma, retainal/CNS haemangiobalstomas and pancreatic 
cysts. 

Hereditary papillary renal cell carcinoma (HPRCC) has been 
linked to mutations in the MET gene (7q31), a cell surface receptor 
for hepatocyte growth factor. Activating mutations of MET leads to 
increased intracellular signalling, which in turn promotes prolifer- 
ation, transformation, and invasion. HPRCC is associated with the 
development of multifocal, bilateral type 1 papillary renal cell car- 
cinoma. No extra renal manifestations have been described. 

Hereditary leiomatosis RCC (HLRCC) arises as a result of muta- 
tions in the fumarate hydratase gene (1q42) a key component of the 
Krebs cycle. Inactivating mutations in fumarate hydratase result in 
the accumulation of fumarate which in turn results in decreased 
degradation of HIE HLRCC is characterized by the development of 
aggressive type 2 papillary RCCs, uterine leiomyoma/lyomyosar- 
coma and cutaneous leiomyoma/lyomyosarcomas. 

Birt-Hogg-Dubé (BHD) syndrome is associated with mutations 
in the folliculin gene (17p11). Folliculin is a tumour suppressor 
gene that plays a role in signalling through the AMPK-mTOR path- 
ways. Features of BHD include the development of multiple and 
bilateral renal cancers (chromophobe, oncocytoma, hybrid onco- 
cytic, clear cell), cutaneous fibro-folliculoma, lung cysts/spontan- 
eous pneumothoraces, colonic polyps, and cancer. 


Initial assessment 


In contemporary practice, more than 50% of renal cancers are 
diagnosed incidentally as a consequence investigations for unre- 
lated abdominal symptoms or conditions.?!** This increased use 


Table 6.26.1 Paraneoplastic syndromes associated with renal cancer 


Syndrome % of cases Pathophysiology 

Non-metastatic 13-20 Parathyroid hormone- 

Hypercalcaemia related peptide 

Hypertension 40 Renin 

Polycythemia 1-8 Erthythropoetin 

Anaemia — Erthythropoetin, poor 
nutrition, chronic disease 
state 

Liver dysfunction (Stauffer 3-20 L-6 

Syndrome) 

Fever, weight loss, malaise 20-30 Cytokines-TNFa, IL1, IL6, 
PGE, INF 

Amyloidosis 3-8 AA protein 


Source: data from Ganesh S. Palapattu et al, ‘Paraneoplastic syndromes in urologic 
malignancy: the many faces of renal cell carcinoma; Reviews in Urology, Volume 4, 
Number 4, Copyright. © 2002 MedReviews, LLC. 


of cross-sectional imaging has led to a downward stage migration 
at presentation. Approximately 60% of newly diagnosed tumours 
are localized, 19% have regional lymph node involvement and 21% 
have metastatic disease.! 

A careful medical history and thorough physical examination 
are essential components in the assessment of patients with newly 
diagnosed renal cancers. Most patients with renal tumours are 
asymptomatic, with the classic triad of symptoms associated with 
renal malignancies; palpable mass, haematuria, and flank pain pre- 
sent in less than 15% of patients with renal cell cancer. These symp- 
toms occur more commonly in isolation; haematuria (60%), loin 
pain (40%), abdominal mass (25%). It is estimated, that 10-40% of 
patients with renal cancer present with a paraneoplastic syndrome 
(Table 6.26.1).° A few patients present with metastatic disease pre- 
sent with symptoms such as bone pain, persistent cough, or focal 
neurological disorders. 

In the vast majority of cases physical examination is normal. 
Abnormal physical signs associated with renal cancers include; 
palpable abdominal mass; palpable cervical lymphadenopathy; 
non-reducing left sided varicocele arising as a consequence of an 
obstructing tumour thrombus in the left renal vein and bilateral 
lower extremity oedema suggestive of vena caval involvement and 
obstruction. 

Baseline blood tests should include a full blood count, urea and 
electrolytes, liver function tests, and calcium. Some groups have 
additionally advocated the use of inflammatory markers such as 
the erythrocyte sedimentation rate (ESR) and C-reactive protein 
(CRP).3435 


Radiological assessment 


A significant proportion of renal cancers are diagnosed as inciden- 
tal renal masses during the course of abdominal imaging focused 
on the evaluation of other organs (e.g. colon CT). Incidental renal 
masses have been reported in up to 40% of patients who undergo 
abdominal imaging, though not all of these are malignant.*° Renal 
masses comprise a spectrum of pathologies ranging from simple 
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benign cysts to advanced renal carcinomas. It is essential that the 
correct imaging be performed during the evaluation and staging of 
a renal mass, as these images are the basis upon which treatments 
plans are made. 

Computed tomography and magnetic resonance imaging (MRI) 
are considered the imaging modalities of choice for the evaluation 
and staging of renal masses.*? For patients with allergies to iodinated 
contrast medium gadolinium-enhanced MRI or contrast-enhanced 
US can be helpful instead. A chest CT should be performed rou- 
tinely to stage the thorax, though a plain chest radiograph may be 
sufficient for patients with tumours felt to have a low metastatic 
potential. MRI scans of the brain and Technetium-99m-methylene 
diphosphonate bone scans are indicated only in patients with signs 
and symptoms suggestive of metastatic disease at these sites. 


Computed tomography 


Most renal masses can be diagnosed accurately using imaging 
alone. Guidelines written by the European Association of Urology 
recommend the use of CT or MRI in the diagnostic assessment 
of renal masses.32 The most important criterion for the diagno- 
sis of malignant lesions is the presence of enhancement, as such 
imaging must be performed both before and after administration of 
intravenous contrast medium. Typical multidetector CT (MDCT) 
protocols comprise an unenhanced phase where the abdominal vis- 
cera are imaged with 3-5 mm slices.?”38 The unenhanced images 
of the kidneys permit detection of calcification or fat in the kid- 
ney and provide a baseline to enable assessment of enhancement 
following the administration of contrast. After the administration 
of 100-150 mL of iodinated intravenous contrast (given at a flow 
rate of 2-3 mL/s), contrast-enhanced images focused on the kid- 
neys are taken at a number of different phases; arterial (15-30s), 
corticomedullary/portal venous (45-60s), nephrographic (80- 
90s), and excretory phases (minimum of 180s). With CT, enhance- 
ment is determined by comparing Hounsfield unit (HU) readings 
before and after contrast administration. An increase of 20 HU is 
indicative of enhancement and thus malignancy (Fig. 6.26.3). An 
increase of 10-20 HU should be regarded as indeterminate and fur- 
ther imaging performed. The nephrographic phase, is considered 
the optimal phase for the assessment of renal tumours, with malig- 
nant lesions appearing as areas of reduced enhancement compared 
to the normal surrounding renal parenchymal. Also, parenchymal 


phase imaging avoids the potential pitfall of small intrarenal lesions 
not being recognized because they are considered to be normal 
renal medulla, (which enhances later than the cortex), as can hap- 
pen with cortico-medullary phase imaging. The combination of 
excretory and nephrographic phases has been shown to improve 
lesion detection and staging. The late arterial phase provides a use- 
ful angiographic image of arterial and venous supply to the kid- 
ney but has limited additional usefulness for lesion detection and 
characterization when a nephrographic phase is used. Abdominal 
contrast-enhanced CT angiography is a useful tool in selected cases 
to obtain detailed information about the kidney vascular supply. 
Multiplanar reformatted reconstructions of images are enormously 
helpful in allowing visualization of the relationships of structures 
during surgical planning. 

In addition to identifying the primary tumour, cross-sectional 
imaging also provides information on the function of the contra- 
lateral kidney; primary tumour extension with extrarenal spread; 
venous involvement; enlargement of locoregional lymph nodes; 
condition of adrenal glands and the liver (Box 6.26.1).3? 

CT imaging is able to provide an accurate assessment of both cys- 
tic or solid renal mass lesions. Cystic renal masses are common, 
with approximately 40% of patients having at least one renal cyst 
incidentally discovered on abdominal CT. The prevalence of renal 
cysts increases with age from <10% in patients under 40 years to 
>60% in those over 80 years of age.*® Use of the Bosniak classifi- 
cation allows stratification of cystic lesions into those that can be 
ignored, those that need to be followed up, and those that require 
urological referral for consideration of removal.*° The Bosniak clas- 
sification was originally developed for CT but can also be applied 
to MRI or contrast-enhanced ultrasound. It is based on the identi- 
fication of a number of cyst characteristics: fluid density, wall and 
septal thickness, enhancement, and calcification (Table 6.26.2). The 
main area of difficulty is in differentiating between a Bosniak II and 
II cyst. This is of considerable importance as surgical excision is 
the standard of care for Bosniak III cysts, whereas category II cysts 
do not require intervention or follow-up. This difficulty led to the 
introduction of category IIF; which represents cysts that are more 
complex than a Bosniak II cyst, for example with more thin septa 
or with minimal enhancement of the septa that warrant follow-up 
imaging rather than surgery. 

All enhancing solid renal mass without a macroscopic fat con- 
tent should be regarded as potentially malignant renal lesions. Solid 


MRN 


Fig. 6.26.3 A computer tomography scan of a small renal mass seen pre- and postcontrast. The renal tumour in the left kidney is seen as an area of reduced 
enhancement in comparison with the surrounding renal parenchyma. The lesion enhances by >20 HU postcontrast indicating a likely renal cancer. 
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Box 6.26.1 Important renal tumour characteristics evaluated 
with cross-sectional imaging 


Maximal tumour size 

Presence of enhancement (>20 HU) 

Fat invasion (perinephric/renal sinus) 

Venous involvement and extent (renal vein/IVC) 

Adjacent organ involvement (adrenal/liver/pancreas/bowel) 
Position (upper/lower pole, hilar, anterior/posterior location) 
Percentage exophytic or endophytic 

Proximity to collecting system and hilar vessels 

Number of vessels (arteries and veins) 

Number of ureters 

Collateral neovascularity 

Presence and nature of contralateral kidney 

Formal TNM staging 

Source: data from Chapin BF et al., ‘Renal Cell Carcinoma: What the 
Surgeon and Treating Physician Need to Know, American Journal of 


Roentgenology, Volume 196, Number 6, pp. 1255-62, Copyright © 2011 
American Roentgen Ray Society. 


masses do demonstrate considerable variability in their appearance 
on CT.3738 Clear cell RCC have a more heterogeneous in appear- 
ance than other histologic subtypes and tend to demonstrate greater 
enhancement postcontrast particularly in the cortico-mudullary 
phase. Papillary tumours on the other hand appear more homoge- 
neous and have a much lower degree of enhancement than in non- 
papillary tumours. The presence of macroscopic fat within a renal 
lesion at CT is diagnostic of an angiomyolipoma (AML) and these 
lesions warrant treatment (excision or embolization) once they are 
larger than 4 cm as beyond this they are at significant risk of spon- 
taneous haemorrhage. 

Oncocytoma is the most common solid benign renal tumour 
and accounts for approximately 5% of all renal masses. The classical 
histo-pathological appearance of an oncocytoma is a central stellate 


Table 6.26.2 Bosniak classification of renal cysts 


scar, which can sometimes be seen on CT. Unfortunately, areas of 
necrosis can mimic these scars, and as such oncocytomas cannot 
reliably distinguished from renal cancers on imaging alone. Upper 
tract urothelial carcinomas account for between 5-10% of renal 
malignancies, and usually present with haematuria. These tumours 
are best seen in the excretory phase as a filling defects within the 
collecting system. Large, advanced upper tract urothelial cell car- 
cinoma may extend into the renal parenchyma in an infiltrating 
pattern and should always be considered as a possible diagnosis in 
central renal masses. 


Magnetic resonance imaging 


MRI has similar overall staging accuracy to CT and is generally 
reserved for cases of a severe allergy to iodinated contrast, preg- 
nancy, or when CT imaging has been indeterminate.323738 It is 
important to consider the risks of nephrogenic systemic fibrosis 
in patients with significantly impaired renal function, which is 
thought to be associated with the administration of gadolinium 
contrast. 

MRI sequences should include axial dual echo in phase and 
opposed-phase T1W, gradient echo (GRE); fat-saturated, coronal 
T2W; and fat-saturated, three-dimensional (3D) T1W pre and 
post-gadolinium imaging.*® The corticomedullary phase will occur 
approximately 30s after contrast injection, and the nephrographic 
phase at around two min. 

MRI has been shown to have similar diagnostic accuracy to CT in 
the characterization of renal cysts.*! The superior contrast resolution 
offered by gadolinium enhanced MRI is helpful in further charac- 
terizing lesions that have indeterminate enhancement (10-20 HU) 
with CT or in patients unable to have iodinated contrast medium. 
Enhancement can be assessed on MRI, by evaluating signal inten- 
sity pre and post-gadolinium in the same manner as at CT. An 
increase of >15% on the contrast-enhanced images can be taken to 
signify enhancement. MRI is unable to detect calcification, which is 
a key component of the Bosniak classification system. However, the 
importance of calcification as a prognostic feature within the Bosniak 
classification is now questionable, as calcification within a lesion does 
not appear to be associated with an increased risk of malignancy. 


Bosniak category Risk of malignancy (%) Typical feature 


Management 


| 0 Simple benign cyst 

Hairline thin wall 
o other features 

Water dense 


o enhancement 


Discharge—no follow-up 


Few hairline septa 


Fine calcification in wall/septa 


Hyperdense cyst <3 cm 


Discharge—no follow-up 


IIF <10 Multiple hairline septa 


Radiological surveillance 


Minimal enhancement or thickening of wall/septa 


Thick/nodular calcification 


Hyperdense cyst >3 cm 


IIl 50 


Thickened irregular wall/septa with enhancement 


Surgical excision 


IV 80-90 


Malignant cystic lesion with enhancing soft tissue elements 


Surgical excision 


Adapted with permission from Israel GM and Bosniak MA, ‘Follow-up CT of moderately complex cystic lesions of the kidney (Bosniak category IIF), American Journal of Roentgenology, 


Volume 181, Number 3, pp. 627-33, Copyright ©2003 American Roentgen Ray Society. 
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Fat-suppressed MRI sequences are able to identify the fat within 
an AML, with similar diagnostic accuracy as CT. Much like CT, 
MRI is unable to differentiate oncocytomas from renal cancer. 
Clear cell renal cancers can appear hyperintense on T2-weighted 
imaging, and show strong heterogeneous enhancement post- 
contrast.” Papillary renal cancers on the other hand can appear 
hypointense on T2-weighted imaging, and have low-level homoge- 
neous enhancement postcontrast. 


Ultrasound 


Ultrasonography is often the modality through which inciden- 
tal renal masses are picked up. Ultrasound is good at differentiat- 
ing between cystic and solid lesions; as cystic lesions typically are 
anechoic structures, which have strong posterior acoustic enhance- 
ment. Sharply marginated cysts without any internal contents can 
safely be catagorized as Bosniak I simple cysts using ultrasound 
alone. The finding of more complex features on ultrasound, such 
as nodularity, calcification, multiple septa, septal, or wall thicken- 
ing, warrants a CT or MRI examination for a more accurate assess- 
ment. Contrast-enhanced ultrasonography is showing promise as 
an alternative means of evaluating complex cystic renal masses, 
though at present is not the standard of care.# 

Ultrasound can have problems visualizing the retroperitoneum 
and perinephric tissues clearly. Solid renal masses will only be 
accurately identified on ultrasound if they are of different echo- 
genicity to the normal renal cortex or have altered the normal 
contours of the kidney anatomy. As such ultrasound has reported 
accuracies for T staging of only 77-85%.°” Fat-containing AMLs 
can readily be seen on ultrasound as echo bright masses, however 
other solid masses have appearances similar to normal renal cortex, 
making them difficult to characterize under 2 cm in size. All solid 
renal masses detected at ultrasound need further evaluation with 
CT or MRI. Intraoperative ultrasound can be extremely useful for 
the identification of endophytic hilar tumours in patients undergo- 
ing nephron-sparing surgery. 


Positron emission tomography 


In contrast to CT and MRI, positron emission tomography (PET) 
scans provide functional, rather than structural, information on 
physiologic activity. Combining this functional information with 
anatomical imaging is now feasible with ‘combined’ PET-CT 


machines that utilize PET and CT images obtained contempor- 
aneously during the same study. There is some evidence to sug- 
gest that !8F-FDG-PET-CT may have a role in staging and disease 
relapse or metastasis in renal cancer.*4 Diagnostic PET-CT has its 
limitations, but its utility might be enhanced by using immuno- 
PET with 124I-cG250 which uses radiolabelled monoclonal anti- 
bodies against carbonic anhydrase IX. In the future, functional 
imaging may play a role in monitoring responses to targeted 
therapies and personalized treatment planning. At present the 
true value of PET in the diagnosis and follow-up of renal cancer 
remains to be determined. 


Evaluation of tumour thrombus 


Tumour thrombus within the lumen of the renal vein and infer- 
ior vena cava (IVC) has been observed in 4-23% of cases of renal 
carcinoma. MRI has historically been the investigation of choice 
for evaluating the presence of tumour thrombus and determining 
the cephalad extent of an IVC thrombus. More recently contrast- 
enhanced MDCT has been shown to have equivalent diagnos- 
tic accuracy as MRI.*9 Doppler ultrasound can also be useful 
for assessing the presence and extent of venous thrombus, with 
detection rates of 87%.4© Accurate preoperative identification of 
a tumour thrombus, its level and any evidence of luminal infiltra- 
tion are of great importance in making decisions regarding surgical 
approach for caval and cardiac tumours. 


Radiological scoring systems 


The past decade has seen a drive towards treating T1 renal masses 
with nephron-sparing surgery. This has led to the introduction of 
a number of standardized scoring systems (RENAL nephrometry 
score, PADUA score, and C index) that have developed to char- 
acterize renal tumour anatomy and complexity in a reproducible, 
quantifiable manner (Table 6.26.3).47-4? The aim of these scoring 
systems is to allow meaningful comparison of renal masses in clin- 
ical practice and help to identify predictors of complications and 
surgical outcomes. By recognizing a number of key anatomic con- 
siderations these scoring systems can assist surgeons in determin- 
ing the feasibility and safety of the different approaches to partial 
nephrectomy. All three anatomic classification systems have been 
shown to predict surgical outcome, though at present none is 
superior to the other.5%51 


Table 6.26.3 Comparison of radiological scoring systems for organ-confined renal masses 


(A) RENAL nephrometry (B) PADUA 


(C) C INDEX 


Radius of tumour 


Eexophytic, endophytic nature Nearness to 
collecting system or sinus 


Exophytic or endophytic nature 


Anterior or posterior location Location 
relative to polar lines 


Collecting system involvement 
Tumour size (radius) 


Anterior or posterior location 


Polar location (superior, inferior, medial) 


Distance between kidney centre and tumour centre 


Radius of tumour 


Renal rim (lateral or medial) Renal sinus involvement 


(A) Reprinted from The Journal of Urology, Volume 182, Issue 3, Alexander Kutikov and Robert G. Uzzo, ‘The R.E.N.A.L. Nephrometry Score: A Comprehensive Standardized System for 
Quantitating Renal Tumor Size, Location and Depth’, pp. 844-853, Copyright © 2009 American Urological Association, with permission from Elsevier, http://www.sciencedirect.com/ 
science/journal/00225347; (B) Reprinted from European Urology, Volume 56, Issue 5, Ficarra V et al, ‘Preoperative Aspects and Dimensions Used for an Anatomical (PADUA) Classification 
of Renal Tumours in Patients who are Candidates for Nephron-Sparing Surgery’, pp. 786-793, Copyright © 2009 European Association of Urology, with permission from Elsevier, http:// 
wwwsciencedirect.com/science/journal/03022838; and (C) Reprinted from The Journal of Urology, Volume 183, Issue 5, Matthew N. Simmons et al, ‘Kidney Tumor Location Measurement 
Using the C Index Method; pp. 1708-1713, Copyright © 2010 American Urological Association, with permission from Elsevier, http://www.sciencedirect.com/science/journal/00225347 
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Renal imaging in patients with renal dysfunction 


The use of intravenous contrast greatly increases sensitivity and 
specificity for the detection and evaluation of renal masses. The use 
of intravenous contrast is safe in patients with normal renal func- 
tion, with acute adverse events reported in 0.2-0.7% of patients 
receiving low-osmolality iodinated contrast media and 0.07-0.16% 
in patients receiving gadolinium-based contrast media (GBCA). 
Acute adverse effects of contrast media are most commonly 
allergic-like (‘anaphylactoid’) reactions. 

The administration of intravenous contrast medium has been 
linked to the development of contrast-induced nephropathy (CIN) 
and acute kidney injury. A retrospective study compared the inci- 
dence of CIN in 11,588 patients who underwent either contrast- 
enhanced and unenhanced CT scans. No significant difference 
was observed in the overall incidence of CIN between the group 
that received the contrast medium and the control group (8.2% vs. 
5.9%)> below a baseline creatinine of 159 umol/L. Only patients 
with a baseline serum creatinine greater than 159.1 mol/L had an 
increased risk of CIN. 

Much of the literature investigating the incidence of CIN has 
failed to include a control group of patients not receiving con- 
trast medium. A number of prospective studies have evaluated the 
risk of CIN and renal failure following the administration of CT 
contrast. In total seven studies monitored up 1,175 patients with 
known renal impairment following the use of low and iso-osmolar 
contrast-enhanced CT scans. The overall incidence of CIN was 
5.4% with 0% of patients going on to need dialysis for acute renal 
failure.” Guidelines issued by the Royal College of Radiologists and 
the American College of Radiology (ACR) do not set an standard- 
ized creatinine or eGFR threshold beyond which iodinated contrast 
medium should not be given. The ACR state that there is insuf- 
ficient good data to prescribe a specific recommended threshold. 
They go on to state that the risk of CIN from intravenous contrast 
media is sufficiently low up to a threshold of 177 mol/L. 

The most serious potential adverse effect of Gadolinium based 
contrast agents (GBCA) is nephrogenic system fibrosis (NSF). NSF 
is a rare adverse reaction to GBCA that occurs almost exclusively 
in patients with severe chronic kidney disease or acute renal failure 
for which there is no proven curative therapy.>*°° The overall inci- 
dence of NSF in stages 4 and 5 chronic kidney disease (eGFR <30 
mL/min/1.73 m?) is estimated at between 1% and 7%. The Royal 
College of Radiologists guidelines state that the used of GBCA are 
contraindicated below an eGER of 30 mL/min/1.73 m?. 


Renal mass biopsy 


The accuracy and reliability of cross-sectional imaging in the diag- 
nosis of renal cancers have been sufficiently high, that most patients 
with renal masses proceed directly to definitive treatment without 
first having a tissue diagnosis.>2 Concerns regarding the risk of 
bleeding and tumour seeding have meant that percutaneous renal 
biopsies have historically only been performed for a limited num- 
ber of indications; a renal mass in patients with a history of a sec- 
ond malignancy, suspected renal lymphoma, a differential diagnosis 
of a renal tumour/abscess/inflammatory mass. Renal biopsy is now 
also indicated in patients with metastatic renal cancer who are being 
considered for treatment with targeted therapies such as Sunitinib. 
Changes in the pattern of presentation and the management of 
renal cancer have led to a re-evaluation on the role of image guided 


biopsy in the assessment of small renal masses.” The increasing 
incidence of small renal masses and the associated rise in number 
of surgical treatments performed has resulted in many patients 
having surgery for benign renal masses. Histological confirmation 
of benign histology has been demonstrated in 20% of masses under 
4 cm in size and 30% of masses under 2 cm in size.°” Percunateous 
renal biopsy is increasingly being advocated in the assessment of 
these small renal masses as unnecessary surgery can be avoided for 
benign renal tumours, such as oncocytomas and angiomyolipo- 
mas.”° This is of particular importance in elderly patients with mul- 
tiple medical co-morbidities. The results of a renal biopsy can also 
be a useful aid for treatment planning histologically proven malig- 
nant small renal masses. For example, the presence of high-grade 
disease may be seen as a contraindication to managing patients 
with active surveillance. Percutaneous biopsy should be considered 
before ablative therapy and can be performed following treatment 
to ensure successful ablation. 

Percutaneous renal biopsies aim to identify the presence of 
malignancy, tumour type, and grade. Historical case series of renal 
tumour biopsies have overall reported diagnostic rates between 
70-97.5% and diagnostic accuracy of 86-100%.?056 An analysis 
of biopsies performed since 2001, found that an accurate diag- 
nosis could be made in 95% of cases with an adequate biopsy.°® 
Historically up to 30% of biopsies have been non-diagnostic and 
these patients offered either a re-biopsy or excision. Analysis of 
outcomes following re-biopsy show a diagnostic rate of 80-86% 
which is similar to the initial biopsy rate, and a cancer detection 
rate approaching 80%.*° These data suggests that a non-diagnostic 
biopsy should not be regarded as a benign diagnosis and patients 
can safely be offered a repeat diagnostic biopsy. 

The diagnosis of histological subtype is possible in most renal 
tumour biopsies, with low interobserver variability in pathologic 
subtyping. The main diagnostic challenge can be in differentiating 
between oncocytomas and chromophobe renal carcinomas. The 
application of immuno-histochemistry panels and other molecular 
techniques may improve diagnostic accuracy in the future. Accurate 
Fuhrman grading can be challenging on renal core biopsies with 
reported accuracy rates of 70-83%.°! In many ways categorizing 
tumours as low (Fuhrman I-II) or high (Fuhrman II-IV) grade on 
core biopsy may be more clinically relevant. 

The previously noted concerns regarding the safety of contem- 
porary renal biopsy seem unfounded. Most centres now perform 
core biopsies through a coaxial needle. An 18-gauge automated 
biopsy gun will produce cores of 15-22 mm in maximal length and 
two passes can produce a reliable specimen in 97% of cases. With 
this technique significant bleeding is reported in <1% of cases, and 
no cases of renal tumour seeding after biopsy have been reported 
in the literature.°>®® All cases of renal tumour seeding occurred 
before the use a coaxial cannula which minimizes the risk of 
tumour spill into the tissues between the skin and tumour surface. 


Screening 


Routine screening for renal cancer is currently not recommended 
by the UK National Screening Committee or the European 
Association of Urology.*? The criteria for screening proposed by 
Wilson and Jungner apply as much today as they did in 1968.6 
An assessment of the merits of screening for kidney cancer can be 
made by taking each criterion in turn. 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


(vi) 


(vii) 
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‘The condition should be an important health problem—As 
discussed earlier in the chapter, renal cancer is a significant 
health problem worldwide with an increasing incidence and 
mortality rate in some parts of the world. Of all urological 
malignancies it has the highest mortality rate. 


There should be a treatment for the condition—Surgery is 
the mainstay of treatment for organ confined disease.** 
Oncological outcomes are better for early stage disease com- 
pared to locally advanced or metastatic disease—5-year sur- 
vival rates for T1 tumours = 85-95%, T2 tumours = 65-75%, 
T3 tumours = 40-65%.°4° Survival rates are significantly 
lower for metastatic disease, however the introduction of 
novel targeted therapies may lead to significant improve- 
ments in oncological outcomes. 


Facilities for diagnosis and treatment should be available— 
Renal/abdominal ultrasound would be the screening inves- 
tigation of choice. This is a simple, safe, and well-established 
investigation for identifying solid renal masses and readily 
available to most patients. A proportion of patients with a 
renal mass will go on to have further imaging with CT/MRI. 
Most patients would have easy access to treatment as renal 
cancer surgery is a routine part of urological practice. 


There should be a latent stage of the disease—More than 50% 
of newly diagnosed renal cancers are small organ confined 
renal masses. These masses are believed 17.008 ptto be the 
precursors to more advanced and metastatic disease. 


‘There should be a test or examination for the condition—Screen 
detected renal masses would require further characterization 
with dedicated cross-sectional imaging (CT/MRI) and in 
some circumstances a percutaneous renal biopsy. CT/MRI are 
readily available in most hospitals and have a high sensitivity 
and specificity for the detection of renal cancer. In contempor- 
ary practice percuanteous renal biopsy is a safe and accurate 
procedure with a high diagnostic rate, which would reduce the 
rate of unnecessary surgery for benign disease.565262 


‘The test should be acceptable to the population—Abdominal 
ultrasonography is a quick and non-invasive investigation 
that would be acceptable to the general population, as shown 
by screening programmes for abdominal aortic aneurysms. 


The natural history of the disease should be adequately 
understood—Renal cancers are extremely heterogenous in 
their biology and behaviour with a spectrum of presentation 
from the asymptomatic small renal mass to large tumours 
with aortocaval involvement. A greater understanding of the 
natural history of renal masses is changing attitudes towards 
treatment as all small renal masses do not inevitably progress 
to large symptomatic tumours with a propensity to metasta- 
size. Tumours under 4 cm in size grow on average at between 
2-3 mm per year and have a metastatic rate of less than 1% 
per year.!!°7 Over a three-year period between 30-50% of 
tumour do not grow at all.1>68 Aggressive treatment of all 
screen detected small renal tumours may in some cases repre- 
sent overtreatment of indolent disease. Increased detection of 
small renal masses over the past three decades has resulted in 
an increase in the number of surgical procedures for renal can- 
cer. There is little evidence to show that this has led to a reduc- 
tion in mortality rate from renal cancer.®! In fact a significant 


Box 6.26.2 2010 TNM classification for renal cancer developed 
by the International Union Against Cancer (UICC) and 
the American Joint Committee on Cancer (AJCC) 


T Primary tumour 


Tx Primary tumour cannot be assessed No evidence of 
primary tumour 


T1 Tumour <7 cm in greatest dimension, limited to the kidney 


Tla Tumour <4 cm in greatest dimension, limited to the 
kidney 


T1b Tumour >4 cm but <7 cm in greatest dimension 

T2 Tumour >7 cm in greatest dimension, limited to the kidney 
T2a Tumour >7 cm but <10 cm in greatest dimension 
T2b Tumours >10 cm limited to the kidney 


T3 Tumour extends into major veins or directly invades adrenal 
gland or perinephric tissues but not into the ipsilateral 
adrenal gland and not beyond Gerota’s fascia 


T3a Tumour grossly extends into the renal vein or its seg- 
mental (muscle-containing) branches or tumour invades 
perirenal and/or renal sinus (peripelvic) fat but not beyond 
Gerota’s fascia 


T3b Tumour grossly extends into the vena cava below the 
diaphragm 


T3c Tumour grossly extends into vena cava above the dia- 
phragm or invades the wall of the vena cava 


T4 Tumour invades beyond Gerota’s fascia (including contiguous 
extension into the ipsilateral adrenal gland) 


N Regional lymph nodes 

NX Regional lymph nodes cannot be assessed 

NO No regional lymph node metastasis 

N1 Metastasis in a single regional lymph node 

N2 Metastasis in more than one regional lymph node 
M Distant metastasis 

MO No distant metastasis 

M1 Distant metastasis 

TNM stage grouping 

Stage I TINOMO 

Stage II T2NOMO 

Stage III T3NOMO0 or T1/2/3N1MO0 

Stage IV T4N0/1/2M0 or AnyTN2M0 or anyTanyNM1 


Used with the permission of the American Joint Committee on Cancer 
(AJCC), Chicago, Illinois. The original and primary source for this 
information is the AJCC Cancer Staging Manual, Seventh Edition (2010) 
published by Springer Science+Business Media, LLC (SBM). For complete 
information and data supporting the staging tables, visit www.springer.com. 
Any citation or quotation of this material must be credited to the AJCC 

as its primary source. The inclusion of this information herein does not 
authorize any reuse or further distribution without the expressed, written 
permission of Springer SBM, on behalf of the AJCC. 
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(viii) 


(ix) 


proportion of patients with small renal masses who are treated 
with surgery go on to develop chronic kidney disease, which 
may in turn result in reduced overall survival.!® 


‘There should be an agreed policy on whom to treat—The pick 
up rate for screen detected renal masses in general popula- 
tion is 0.1-0.3%.°" This low pick up rate may not justify 
screening the general population. Screening high risk popu- 
lation groups may however be justified—patients with ESRF/ 
ARCD are at a high risk of developing renal cancer. Screening 
projects for renal cancer in patients on dialysis have reduced 
the risk of death from all causes by 35%, compared with that 
in the group with detection by symptoms. Other high-risk 
groups include kidney transplant recipients, hereditary renal 
cancer syndromes, and a previous history of renal cancer. 
These criteria may even be extended to smokers with hyper- 
tension and a high BMI. 


‘The total cost of finding a case should be economically balanced 
in relation to medical expenditure as a whole—'The cost of 


Cancer-specific survival probabilities 


(x) 


screening the entire population would be high and perhaps 
unjustified. If screening led to a reduction in the incidence of 
metastatic disease these costs could be offset by a reduction 
in the costs of targeted therapies which at present are £25,000 
per patient per year. The cost effectiveness of such a screen- 
ing programme could be improved by combining the US for 
AAA with renal cancer screening which is currently offered 
to males aged 65. 


Case-finding should be a continuous process, not just a once 
and for all’ project—This would require serial scans over the 
lifetime of a patient e.g. every five years. 


National screening programmes for renal cancer at present are 
unjustified as the natural history of the disease is still poorly 
understood, the benefits of treatment of early stage disease are still 
unproved, the detection rate in the general population is very low 
and the costs of screening and treatment high. Focused screening 
programmes identifying high risk populations groups may prove to 
be beneficial in the future. 
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Fig. 6.26.4 Cancer-specific survival (CSS) probability according to the 2009 TNM staging system (log-rank pooled over strata p <0.0001). Five-year CSS was 94.9% in 


p 


g= 


T1a (blue curve), 92.6% in pT1b (green curve), 85.4% in pT2a (grey curve), 70% in pT2b (violet curve), 64.7% in pT3a (yellow curve), 54.7 in pT3b (red curve), 17.9 in 
T3c (light blue curve), and 27.1% in pT4 (light grey curve). All the pairwise survival differences among the different pT stages were statistically significant with the 


exception of those observed between pT2b and pT3a cancers (log-rank pairwise p = 0.34) and between pT3c and pT4 cancers (log-rank pairwise p = 0.26). 


Reprinted from European Urology, Volume 58, Issue 4, Novara G et al, ‘Validation of the 2009 TNM version in a large multi-institutional cohort of patients treated for renal cell carcinoma: are 


further improvements needed?, pp. 588-95, Copyright © 2010 European Association of Urology, with permission from Elsevier, http://www.sciencedirect.com/science/journal/03022838 
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Staging 

Accurate clinical staging is an essential component of the assess- 
ment and evaluation of patients with renal cancer. Tumour size, 
presence of venous involvement, evidence of local organ inva- 
sion, presence of lymphadenopathy, or distant metastatic dis- 
ease are all key factors in determining the most appropriate 
therapeutic approach. The TNM classification developed by the 
International Union Against Cancer (UICC) and the American 
Joint Committee on Cancer (AJCC) is recognized as the stand- 
ard method of staging urological malignancies (Box 6.26.2).7! 
The aim of the TNM staging system is to allow effective commu- 
nication of tumour characteristics, permit the evaluation of dif- 
ferent treatment strategies, determine the selection criteria for 
clinical trials and ultimately aid the selection process for treat- 
ing an individual patient. The classification system was revised 
in 2010 in response to a significant shift towards managing T1/2 
renal masses with partial nephrectomy and new prognostic data 
on tumour size and local invasion. In comparison with the 2002 
staging system the 2010 revisions included (i) T2 cancers were 
subclassified into two subgroups based on a tumour size cut- 
off point of 10 cm (T2a 7-10 cm vs T2b >10 cm); (ii) tumours 
with renal vein involvement or perinephric fat involvement were 
classified as T3a (iii) tumours with adrenal involvement were 
classified as T4 cancers. External validation of the revised 2009 
classification was performed and showed the following five-year 
cancer-specific survival (CSS) rates; Tla = 94.9%. T1b = 92.6%, 
T2a = 85.4%, T2b = 70%, T3a = 64.7%, T3b = 54.7%, T3c = 17.9% 
and T4 = 27.1% (Fig. 6.26.4). 


Conclusion 


Renal cancer is an increasing healthcare burden across the world, 
with evidence of rising incidence rates, mortality rates, and health- 
care costs. Significant strides have been made in our understanding 
of the genetic basis and natural history of the disease. The continued 
identification and modification of risk factors for the development 
of renal cancer may in time lead to a reduction in incidence. Future 
work will need to focus on reducing mortality rates by determining 
how best to treat patients with localized tumours and those with 
advanced metastatic disease. 


Further reading 


American College of Radiology. Manual on Contrast Media. Version 10.2. 
Available at: http://www.acr.org/Quality-Safety/Resources/Contrast- 
Manual [Online]. 

Chawla SN, Crispen PL, Hanlon AL, Greenberg RE, Chen DYT, Uzzo RG. 
The natural history of observed enhancing renal masses: meta-analysis 
and review of the world literature. J Urol 2006; 175(2):425-31. 

Chow WH, Devesa SS. Contemporary epidemiology of renal cell cancer. 
Cancer J 2008; 14(5):288-301. 

Ferlay J, Shin H-R, Bray F, Forman D, Mathers C, Parkin DM. Estimates of 
worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 
2010; 127(12):2893-917. 

Filipas D, Spix C, Schulz-Lampel D, et al. Screening for renal cell carcinoma 
using ultrasonography: a feasibility study. BJU Int 2003; 91(7):595-9. 

Go AS, Chertow GM, Fan D, McCulloch CE, Hsu C-Y. Chronic 
kidney disease and the risks of death, cardiovascular events, and 
hospitalization. N Engl J Med 2004; 351(13):1296-305. 

Hollingsworth JM, Miller DC, Daignault S, Hollenbeck BK. Rising 
incidence of small renal masses: a need to reassess treatment effect. 

J Natl Cancer Inst 2006; 98(18):1331-4. 


Israel GM, Bosniak MA. Follow-up CT of moderately complex cystic lesions 
of the kidney (Bosniak category IIF). AJR Am J Roentgenol 2003; 
181(3):627-33. 

Jewett MAS, Mattar K, Basiuk J, et al. Active surveillance of small renal 
masses: progression patterns of early stage kidney cancer. 

Eur Urol 2011; 60(1):39-44. 

Linehan WM, Srinivasan R, Schmidt LS. The genetic basis of kidney cancer: 
a metabolic disease. Nat Rev Urol 2010; 7(5):277-85. 

Ljungberg B, Campbell SC, Cho HY, et al. The epidemiology of renal cell 
carcinoma. Eur Urol 2011; 60(4):615-21. 

Ljungberg B, Cowan NC, Hanbury DC, et al. EAU guidelines on renal cell 
carcinoma: the 2010 update. Eur Urol 2010; 58(3):398-406. 

Ng CS, Wood CG, Silverman PM, Tannir NM, Tamboli P, Sandler CM. 
Renal Cell carcinoma: Diagnosis, staging, and surveillance. AJR Am J 
Roentgenol 2008; 191(4):1220-32. 

Novara G, Ficarra V, Antonelli A, et al. Validation of the 2009 TNM version 
in a large multi-institutional cohort of patients treated for renal 
cell carcinoma: are further improvements needed? Eur Urol 2010; 
58(4):588-95. 

Patel N, Cranston D, Akhtar MZ, et al. Active surveillance of small renal 
masses offers short-term oncological efficacy equivalent to radical and 
partial nephrectomy. BJU Int 2012; 110(9):1270-5. 

Phé V, Yates DR, Renard-Penna R, Cussenot O, Roupret M. Is there a 
contemporary role for percutaneous needle biopsy in the era of small 
renal masses? BJU Int 2011 Sep 2; [Epub ahead of print]. 

Smaldone MC, Kutikov A, Egleston BL, et al. Small renal masses 
progressing to metastases under active surveillance: A systematic 
review and pooled analysis. Cancer; 118(4):997-1006. 

Sun M, Thuret R, Abdollah F, et al. Age-adjusted incidence, mortality, and 
survival rates of stage-specific renal cell carcinoma in North America: 
A trend analysis. Eur Urol 2011; 59(1):135-41. 

Volpe A, Cadeddu JA, Cestari A, et al. Contemporary management of small 
renal masses. Eur Urol 2011; 60(3):501-15. 

Wilson JM, Jungner YG. [Principles and practice of mass screening for 
disease]. Bol Oficina Sanit Panam 1968; 65(4):281-393. 


References 


1. Chow WH, Devesa SS. Contemporary epidemiology of renal cell 
cancer. Cancer J 2008; 14(5):288-301. 

2. Ferlay J, Parkin DM, Steliarova-Foucher E. Estimates of cancer 
incidence and mortality in Europe in 2008. Eur J Cancer 2010; 
46(4):765-81. 

3. Ferlay J, Shin H-R, Bray F, Forman D, Mathers C, Parkin DM. 
Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. 
Int J Cancer 2010; 127(12):2893-917. 

4. Levi F Ferlay J, Galeone C, et al. The changing pattern of kidney cancer 
incidence and mortality in Europe. BJU Int 2008; 101(8):949-58. 

5. Ljungberg B, Campbell SC, Cho HY, et al. The epidemiology of renal 
cell carcinoma. Eur Urol 2011; 60(4):615-21. 

6. Sun M, Thuret R, Abdollah F, et al. Age-adjusted incidence, mortality, 
and survival rates of stage-specific renal cell carcinoma in North 
America: A trend analysis. Eur Urol 2011; 59(1):135-41. 

7. Hock LM, Lynch J, Balaji KC. Increasing incidence of all stages of 
kidney cancer in the last 2 decades in the United States: an analysis of 
surveillance, epidemiology and end results program data. J Urol 2002; 
167(1):57-60. 

8. Nguyen MM, Gill IS, Ellison LM. The evolving presentation of 
renal carcinoma in the United States: Trends from the surveillance, 
epidemiology, and end results program. J Urol 2006; 176(6):2397-400. 

9. Gill IS, Aron M, Gervais DA, Jewett MAS. Clinical practice. Small renal 
mass. N Engl J Med 2010; 362(7):624-34. 

10. Hollingsworth JM, Miller DC, Daignault S, Hollenbeck BK. Rising 
incidence of small renal masses: a need to reassess treatment effect. 
J Natl Cancer Inst 2006; 98(18):1331-4. 

11. Smaldone MC, Kutikov A, Egleston BL, et al. Small renal masses 
progressing to metastases under active surveillance: A systematic 
review and pooled analysis. Cancer; 118(4):997-1006. 


707 


708 


SECTION 6 ONCOLOGY 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


Kates M, Badalato GM, Pitman M, McKiernan JM. Increased Risk of 
Overall and Cardiovascular Mortality After Radical Nephrectomy for 
Renal Cell Carcinoma 2 cm or Less. J Urol 2011; 186(4):1247-53. 
Weight CJ, Larson BT, Fergany AF, et al. Nephrectomy induced chronic 
renal insufficiency is associated with increased risk of cardiovascular 
death and death from any cause in patients with localized cT1b renal 
masses. J Urol 2010; 183(4):1317-23. 

Thompson RH, Boorjian SA, Lohse CM, et al. Radical nephrectomy for 
pT la renal masses may be associated with decreased overall survival 
compared with partial nephrectomy. J Urol 2008; 179(2):468-71; 
discussion 472-3. 

Weight CJ, Larson BT, Gao T, et al. Elective partial nephrectomy in 
patients with clinical t1b renal tumors is associated with improved 
overall survival. Urology 2010; 76(3):631-7. 

Huang WC, Levey AS, Serio AM, et al. Chronic kidney disease after 
nephrectomy in patients with renal cortical tumours: a retrospective 
cohort study. Lancet Oncol 2006; 7(9):735-40. 

Hemmelgarn BR, Manns BJ, Lloyd A, et al. Relation between kidney 
function, proteinuria, and adverse outcomes. JAMA 2010; 303(5):423-9. 
Go AS, Chertow GM, Fan D, McCulloch CE, Hsu C-Y. Chronic 
kidney disease and the risks of death, cardiovascular events, and 
hospitalization. N Engl J Med 2004; 351(13):1296-305. 

Patel N, Cranston D, Akhtar MZ, et al. Active surveillance of small 
renal masses offers short-term oncological efficacy equivalent to radical 
and partial nephrectomy. BJU Int 2012; 110(9):1270-5. 

Volpe A, Cadeddu JA, Cestari A, et al. Contemporary management of 
small renal masses. Eur Urol 2011; 60(3):501-15. 

Chow W-H, Dong LM, Devesa SS. Epidemiology and risk factors for 
kidney cancer. Nat Rev Urol 2010; 7(5):245-57. 

Lipworth L, McLaughlin JK, Tarone RE, Blot WJ. Renal cancer 
paradox. Eur J Cancer Prev 2011; 20(4):331-3. 

Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass 
index and incidence of cancer: a systematic review and meta-analysis 
of prospective observational studies. Lancet 2008; 371(9612):569-78. 
Hunt JD, van der Hel OL, McMillan GP, Boffetta P, Brennan P. Renal 
cell carcinoma in relation to cigarette smoking: meta-analysis of 24 
studies. Int J Cancer 2005; 114(1):101-8. 

Parker AS, Cerhan JR, Janney CA, Lynch CF, Cantor KP. 

Smoking cessation and renal cell carcinoma. Ann Epidemiol 2003; 
13(4):245-51. 

Weikert S, Boeing H, Pischon T, et al. Blood pressure and risk of renal 
cell carcinoma in the European prospective investigation into cancer 
and nutrition. Am J Epidemiol 2008; 167(4):438-46. 

Chow W-H, Gridley G, Fraumeni JF, Jarvholm B. Obesity, 
hypertension, and the risk of kidney cancer in men. N Engl J Med 2000; 
343(18):1305-11. 

Lee JE, Männistö S, Spiegelman D, et al. Intakes of fruit, vegetables, 
and carotenoids and renal cell cancer risk: a pooled analysis of 

13 prospective studies. Cancer Epidemiol Biomarkers Prev 2009; 
18(6):1730-9. 

Verine J, Pluvinage A, Bousquet G, et al. Hereditary renal cancer 
syndromes: An update of a systematic review. Eur Urol 2010; 
58(5):701-10. 

Linehan WM, Srinivasan R, Schmidt LS. The genetic basis of kidney 
cancer: a metabolic disease. Nat Rev Urol 2010; 7(5):277-85. 

Luciani LG, Cestari R, Tallarigo C. Incidental renal cell carcinoma- 
age and stage characterization and clinical implications: study of 1092 
patients (1982-1997). Urology 2000; 56(1):58-62. 

Ljungberg B, Cowan NC, Hanbury DC, et al. EAU guidelines on renal 
cell carcinoma: the 2010 update. Eur Urol 2010; 58(3):398-406. 
Palapattu GS, Kristo B, Rajfer J. Paraneoplastic syndromes in urologic 
malignancy: the many faces of renal cell carcinoma. Rev Urol 2002; 
4(4):163-70. 

Wt Y, Fu X, Zhu X, et al. Prognostic role of systemic inflammatory 
response in renal cell carcinoma: a systematic review and meta- 
analysis. J Cancer Res Clin Oncol 2011; 137(5):887-96. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


Steffens S, Kohler A, Rudolph R, et al. Validation of CRP as prognostic 
marker for renal cell carcinoma in a large series of patients. BMC 
Cancer 2012; 12(1):399. 

Carrim ZI, Murchison JT. The prevalence of simple renal and hepatic 
cysts detected by spiral computed tomography. Clin Radiol 2003; 
58(8):626-9. 

Ng CS, Wood CG, Silverman PM, Tannir NM, Tamboli P, Sandler CM. 
Renal Cell carcinoma: Diagnosis, staging, and surveillance. AJR Am 

J Roentgenol 2008; 191(4):1220-32. 

Bradley AJ, Lim YY, Singh FM. Imaging features, follow-up, and 
management of incidentally detected renal lesions. Clin Radiol 2011; 
66(12):1129-39. 

Chapin BF, Delacroix SE, Wood CG. Renal cell carcinoma: What the 
surgeon and treating physician need to know. AJR Am J Roentgenol 
2011; 196(6):1255-62. 

Israel GM, Bosniak MA. Follow-up CT of moderately complex cystic 
lesions of the kidney (Bosniak category IIF). AJR Am J Roentgenol 
2003; 181(3):627-33. 

Israel GM, Hindman N, Bosniak MA. Evaluation of cystic renal 
masses: comparison of CT and MR imaging by using the Bosniak 
classification system. Radiology 2004; 231(2):365-71. 

Sun MRM, Ngo L, Genega EM, et al. Renal cell carcinoma: dynamic 
contrast-enhanced MR imaging for differentiation of tumor subtypes-- 
correlation with pathologic findings. Radiology 2009; 250(3):793-802. 
Quaia E, Bertolotto M, Cioffi V, et al. Comparison of contrast- 
enhanced sonography with unenhanced sonography and contrast- 
enhanced CT in the diagnosis of malignancy in complex cystic renal 
masses. AJR Am J Roentgenol 2008; 191(4):1239-49. 

Lawrentschuk N, Davis ID, Bolton DM, Scott AM. Functional imaging 
of renal cell carcinoma. Nat Rev Urol 2010; 7(5):258-66. 

Guzzo TJ, Pierorazio PM, Schaeffer EM, Fishman EK, Allaf ME. The 
accuracy of multidetector computerized tomography for evaluating 
tumor thrombus in patients with renal cell carcinoma. J Urol 2009; 
181(2):486-90; discussion 491. 

Habboub HK, Abu-Yousef MM, Williams RD, See WA, Schweiger 
GD. Accuracy of color Doppler sonography in assessing venous 
thrombus extension in renal cell carcinoma. AJR Am J Roentgenol 1997; 
168(1):267-71. 

Kutikov A, Uzzo RG. The R.E.N.A.L. Nephrometry 

score: A comprehensive standardized system for quantitating renal 
tumor size, location and depth. J Urol 2009; 182(3):844-53. 

Ficarra V, Novara G, Secco S, et al. Preoperative aspects and 
dimensions used for an anatomical (PADUA) classification of renal 
tumours in patients who are candidates for nephron-sparing surgery. 
Eur Urol 2009; 56(5):786-93. 

Simmons MN, Ching CB, Samplaski MK, Park CH, Gill IS. Kidney 
tumor location measurement using the C index method. J Urol 2010; 
183(5):1708-13. 

Hew MN, Baseskioglu B, Barwari K, et al. Critical appraisal of the 
PADUA classification and assessment of the R.E.N.A.L. nephrometry 
score in patients undergoing partial nephrectomy. J Urol 2011; 
186(1):42-6. 

Okhunov Z, Rais-Bahrami S, George AK, et al. The comparison 


R.E.N.A.L. nephrometry scores. J Endourol 2011; 25(12):1921-4. 
Bruce RJ, Djamali A, Shinki K, Michel SJ, Fine JP, Pozniak MA. 
Background fluctuation of kidney function versus contrast-induced 
nephrotoxicity. Am J Roentgenol 2009; 192(3):711-8. 

Katzberg RW, Newhouse JH. Intravenous contrast medium-induced 
nephrotoxicity: Is the medical risk really as great as we have come to 
believe? Radiology 2010; 256(1):21-8. 

Natalin RA, Prince MR, Grossman ME, Silvers D, Landman J. 
Contemporary applications and limitations of magnetic resonance 
imaging contrast materials. J Urol 2010; 183(1):27-33. 

Poff JA, Hecht EM, Ramchandani P. Renal imaging in patients with 
renal impairment. Curr Urol Rep 2010; 12(1):24-33. 


56. 


a7, 


58. 


59. 


60. 


6l. 


62. 


63. 


CHAPTER 6.26 THE AETIOLOGY, EPIDEMIOLOGY, CLINICAL FEATURES, AND INVESTIGATION OF KIDNEY CANCER 


Phé V, Yates DR, Renard-Penna R, Cussenot O, Roupret M. Is there a 
contemporary role for percutaneous needle biopsy in the era of small 
renal masses? BJU Int 2011 Sep 2; [Epub ahead of print]. 

Frank I, Blute ML, Cheville JC, Lohse CM, Weaver AL, Zincke H. 
An outcome prediction model for patients with clear cell renal 

cell carcinoma treated with radical nephrectomy based on tumor 
stage, size, grade and necrosis: the SSIGN score. J Urol 2002; 
168(6):2395-400. 


Lane BR, Samplaski MK, Herts BR, Zhou M, Novick AC, Campbell SC. 


Renal mass biopsy--a renaissance? J Urol 2008; 179(1):20-7. 

Leveridge MJ, Finelli A, Kachura JR, et al. Outcomes of small renal 
mass needle core biopsy, nondiagnostic percutaneous biopsy, and the 
role of repeat biopsy. Eur Urol 2011; 60(3):578-84. 

Kiimmerlin I, Kate ten F, Smedts F, et al. Core biopsies of renal 
tumors: a study on diagnostic accuracy, interobserver, and 
intraobserver variability. Eur Urol 2008; 53(6):1219-25. 

Neuzillet Y, Lechevallier E, Andre M, Daniel L, Coulange C. Accuracy 
and clinical role of fine needle percutaneous biopsy with computerized 
tomography guidance of small (less than 4.0 cm) renal masses. J Urol 
2004; 171(5):1802-5. 

Volpe A, Mattar K, Finelli A, et al. contemporary results of 
percutaneous biopsy of 100 small renal masses: A single center 
experience. J Urol 2008; 180(6):2333-7. 

Wilson JM, Jungner YG. [Principles and practice of mass screening for 
disease]. Bol Oficina Sanit Panam 1968; 65(4):281-393. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


Novara G, Ficarra V, Antonelli A, et al. Validation of the 2009 TNM 
version in a large multi-institutional cohort of patients treated for 
renal cell carcinoma: are further improvements needed? Eur Urol 2010; 
58(4):588-95. 

Tsui KH, Shvarts O, Smith RB, Figlin RA, deKernion JB, Belldegrun A. 
Prognostic indicators for renal cell carcinoma: a multivariate analysis of 
643 patients using the revised 1997 TNM staging criteria. J Urol 2000; 
163(4):1090-5; quiz 1295. 

Patard JJ, Pignot G, Escudier B, et al. ICUD-EAU International 
Consultation on Kidney Cancer 2010: Treatment of metastatic disease. 
Eur Urol 2011; 60(4):684-90. 

Chawla SN, Crispen PL, Hanlon AL, Greenberg RE, Chen DYT, Uzzo 
RG. The natural history of observed enhancing renal masses: meta- 
analysis and review of the world literature. J Urol 2006;175(2):425-31. 
Jewett MAS, Mattar K, Basiuk J, et al. Active surveillance of small renal 
masses: progression patterns of early stage kidney cancer. Eur Urol 
2011; 60(1):39-44. 

Turney BW, Reynard JM, Cranston DW. A case for screening for renal 
cancer. BJU Int 2006; 97(2):220-1. 

Filipas D, Spix C, Schulz-Lampel D, et al. Screening for renal cell 
carcinoma using ultrasonography: a feasibility study. BJU Int 2003; 
91(7):595-9. 

Edge S, Byrd D, Compton C, Fritz A. AJCC Cancer Staging Manual, 
7th edition. American Joint Committee on Cancer. New York, 

NY: Springer-Verlag, 2010. 


709 


CHAPTER 6.27 


Genetics and molecular 
biology of renal cancer 


Mariam Jafri and Eamonn R. Maher 


Introduction to genetics and molecular 
biology of renal cancer 


Though familial kidney cancers represent around 3% of kidney can- 
cers,! studies of the molecular pathology of inherited kidney cancer 
syndromes have provided important insights into the pathophysi- 
ology of sporadic renal cell carcinoma (RCC). In the last two dec- 
ades, knowledge of the molecular pathology of RCC led to the use 
of novel targeted therapies which have revolutionized the clinical 
management of individuals with RCC. Furthermore, these agents 
developed in kidney cancer are now being successfully used in the 
management of other cancers both common e.g. breast cancer and 
less common (i.e. neuroendocrine cancers). 

In this chapter, we will discuss the clinical and pathophysio- 
logical features of the common familial kidney cancer syndromes 
and the molecular pathology of sporadic renal cell carcinoma. 


A brief overview of molecular genetics 
of cancers 


Cancer is most simply described as a ‘disease involving dynamic 
changes in the genome.” Cancers thrive and cause tissue destruction 
because of their ability to adapt to differing milieu’s such as inad- 
equate blood supply and therapeutic agents by gaining new gen- 
etic alterations allowing them to evolve with time. The key genetic 
changes driving cancer cell proliferation occur in two sets of genes 
(i) oncogenes and (ii) tumour suppressors. Mutations in oncogenes 
lead to a dominant gain in function and mutations in tumour sup- 
pressor genes (TSGs) cause a loss of function. The mechanism of 
TSG inactivation and oncogene activation are shown in Figure 
6.27.1. In addition, alterations in DNA repair pathways act to pro- 
mote the acquisition of mutations in oncogenes and TSGs. 


Oncogenes 


The archetypical oncogene is RAS, which was demonstrated to have 
transforming function in the late 1970s. Work on RAS has not only 
demonstrated that gain of function mutations can lead to cell trans- 
formation but also led to the discovery of other oncogenes. As more 
genes were found to be altered in cancer, it became apparent that 
the progression from the normal to malignant phenotype occurred 
due to the gain of alterations that enabled cells to evade the nor- 
mal homeostatic mechanisms. Oncogenes usually promote cancer 
growth by dysregulating finely controlled intracellular signalling 


pathways leading to increased production of pro-growth factors. 
The MET oncogene is commonly mutated in papillary carcinoma 
and its oncogenic function is described below. 


Tumour suppressor genes 


The normal function of a tumour suppressor gene is to negatively 
regulate cell growth and promote differentiation. TSG inactivation 
is a major feature of cancer cells, though some TSGs such as TP53 
are inactivated in many types of cancer, other TSGs (e.g. VHL) are 
involved in specific tumour types. For most TSGs (including VHL) 
it is necessary to inactivate both alleles (‘copies of the gene’) for 
tumour initiation (see Fig. 6.27.1). The VHL gene product pVHL 
promotes ubiquitinization and inactivation of hypoxia-inducible 
factors (HIF). Biallelic VHL inactivation and loss of functional 
pVHL leads to accumulation of HIF which consequently increases 
cell growth by production of growth factors such as vascular endo- 
thelial growth factor (VEGF) and transforming growth factor 
(TGE).4 In individuals with inherited mutations in a TSG, inacti- 
vation of the one normal (wild type) allele is required for tumour 
initiation (i.e. a single mutational event) whereas in sporadic can- 
cers two independent mutational events (‘two hits’) are required 
to produce biallelic TSG inactivation. The earlier age at diagnosis 
of RCC in VHL disease compared to sporadic RCC is consistent 
with this model. Inactivation of the VHL TSG occurs in >80% of 
sporadic clear cell RCC. TSGs can be inactivated by a number of 
mechanisms, including intragenic alterations in DNA sequence 
(mutations), larger scale events that lead to loss of multiple genes 
and epigenetic changes (e.g. DNA methylation) that cause gene 
silencing. Multiple mechanisms may result in oncogene activation 
(e.g. mutations, genomic rearrangements, increased gene copy) 
but the mutation spectrum is much more restricted than for TSGs 
(many different mutations can inactivate a TSG but activation of 
an oncogene requires more specific effects on function). Though 
inactivation of the VHL TSG is an early and critical event in the 
pathogenesis of most clear cell RCC, it is insufficient for tumouri- 
genesis and additional changes occur. Thus, cancers develop in a 
process analogous to Darwinian evolution where successive gen- 
etic changes allow cells to gain growth advantages. This leads to 
the progressive conversion of normal cells into cancer cells.> With 
the clonal evolution of cancers, an accumulation of genetic changes 
occurs, resulting in the presence of numerous mutations some of 
which are thought to drive the process of oncogenesis whereas 
other mutations are so-called ‘passenger’ mutations (promoted by 
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Fig. 6.27.1 Tumour suppressor and oncogenes. (A) Tumour suppressor genes (TSGs) are typically autosomal dominantly inherited. (i) Individuals with an inherited 
cancer predisposition (familial cancer predisposition syndrome); for example. von Hippel-Lindau disease individuals have only one functioning ‘wild-type’ TSG (VHL). 
This is subsequently inactivated by mutation, translocation, or deletion allowing tumour formation. (ii) In sporadic disease (e.g. in clear cell renal carcinoma) both allelles 
need to be inactivated—‘a double hit’ in order for oncogenesis to occur; and (B) oncogenes exist in all cells as proto-oncogenes, they tend to be genes with one of the 
following functions: transcription factors, chromatin remodelling, growth factors, growth factor receptors, signal transducers, and apoptosis regulation. In the normal 
cell, their expression and function is closely controlled by finely controlled mechanisms such as phosphorylation via signalling cascades. In cancers, they are constitutively 
activated by a number of different mechanisms including translocation, activating mutations, and gene amplification. Thus, mutations in these genes are associated with 


the initiation of tumour formation and tumour growth. 


abnormal DNA repair mechanisms). The study of familial cancer 
syndromes represents an approach to identifying which genes are 
likely to harbour driver mutations. 


Inherited kidney cancers 


Inherited kidney cancer disorders may be divided into syndromic 
and non-syndromic. The clinical and molecular features of the main 
kidney cancer syndromes are described in Table 6.27.1. Many cases 


(but not all) of inherited kidney cancer will have a family history of 
RCC or extrarenal features of one of the specific syndromes listed 
and multicentric/bilateral tumours are frequent. Familial kidney 
cancers typically present at an earlier age at diagnosis than sporadic 
RCC. A specific disorder may be suggested by the presence of extra- 
renal features and RCC histopathology. Thus, hereditary papillary 
carcinoma is associated with a MET mutation and type I papillary 
cancer and RCC associated with VHL disease are always clear cell. 
The known syndromic causes of familial RCC are inherited in an 
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Table 6.27.1 The clinical and genetic features of the main familial kidney cancer syndromes 


Familial RCC syndrome Histological Clinical features 


classification of RCC 


Genealteration Pathway abrogation/Molecular pathology 


Von Hippel-Lindau Clear cell 


tumours, visceral cysts 


Retinal and CNS haemangioblastoma, VHL 
phaeochromocytoma, pancreatic 


Accumulation of hypoxia-inducible factor 
leading to increased production of HIF- 
target genes, causing angiogenesis and 


oncogenesiss 
RECI Papillary type | MET 
eriditary Papillary type II Cutaneous and uterine leiomyomas, FH 
eiomyomatosisand renal eiomyosarcoma 
cancer 
Succinate dehydrogenase Variable Extra adrenal and adrenal SDHB 
subunitmutations phaeochromocytoma, head and neck  SDHD 
paraganglioma SDHC 
Birt-Hogg-Dubé syndrome Variable Fibrofolliculomas, lung cysts, FLCN 
pneumothorax and colorectal polyps 


autosomal dominant manner and segregation analysis of non-syn- 
dromic RCC families indicates the most likely mode of inheritance 
to be a single gene autosomal dominant model with age related 
penetrance.® Up to 10% of individuals with apparently non-syn- 
dromic RCC have mutations in succinate dehydrogenase B (SDHB) 
or folliculin (FLCN) and a small number will have a constitutional 
chromosome 3 translocation.’ Thus, individuals in whom genetic 
susceptibility to RCC is suspected, can be offered genetic testing as, 
if a genetic cause is identified, predictive testing can be offered to 
at-risk relatives and appropriate surveillance initiated for mutation 
carriers. Even if a known genetic cause is not identified, individu- 
als in whom there is a strong suspicion of an inherited disease, and 
their close relatives, should be offered annual surveillance as cur- 
rently known inherited RCC genes can only explain a minority of 
familial RCC cases. In view of the propensity of individuals with 
inherited RCC to develop multiple tumours, the surgical manage- 
ment of such cases is geared around the principles of early detec- 
tion by screening and limited surgical resection (‘nephron sparing’) 
aimed at preserving renal function. 


Von Hippel-Lindau disease 


Von Hippel-Lindau disease (VHL) is the commonest cause of 
inherited RCC with an incidence of about 1 in 35,000 live births. 
Lifetime risk of developing a clear cell RCC is >70% in many cases.! 
Other clinical features include: retinal and cerebellar haemangio- 
blastomas, phaeochromocytoma, renal, pancreatic, and epididymal 
cysts. About 20% of VHL mutations occur de novo and such indi- 
viduals do not have a family history. Molecular genetic testing has 
been available since 1993° and is indicated in all suspected cases. 
Once a mutation has been detected in an individual, family mem- 
bers can be tested and those testing negative for the gene mutation 
do not require surveillance. In contrast, individuals testing positive 
are offered regular screening for retinal and central nervous sys- 
tem haemangioblastomas, RCC, pancreatic tumours, and phaeo- 
chromocytomas.® The precise VHL mutation detected may predict 
risk for some tumours (e.g. phaeochromocytoma, RCC) and allow 
more personalized screening protocols. 

VHL disease is caused by germline mutations in the VHL TSG. 
RCC and other VHL-related tumours from individuals with VHL 


disease show biallelic VHL inactivation (a germline mutation in one 
allele and somatic loss, mutation, or epigenetic silencing of the other 
allele). pVHL has multiple functions but the best characterized is 
the regulation of the HIF-1 and HIF-2 hypoxia-inducible transcrip- 
tion factors. HIF-1 and HIF-2 are a/ß heterodimeric DNA-binding 
transcription factors which regulate >200 genes with key roles in 
tumourigenesis including: angiogenesis, glucose metabolism, cel- 
lular growth, metastasis, and apoptosis (see Fig. 6.27.2). Expression 
of HIF-1 and HIF-2 is dependent on the stability of the HIF la 
and HIF2a subunits.!° In normoxia, the HIFa subunits are hydrox- 
ylated on one or both prolyl residues by members of the oxygen 
and 2-oxyglutarate dependent prolyl hydroxylase family (PHD1 
(EGLN2), PHD2(ELGN1), and PHD3 (ELGN3)). Hydroxylation of 
one or both proline residues creates a high affinity pVHL binding 
site. pVHL forms a multisubunit ubiquitin ligase with elongin B, 
elongin C, Cullin 2, and ring-box 1 (RBX1). VHL allows the ubi- 
quitin conjugating machinery to come in close proximity with HIF 
allowing polyubiquitinization and destruction. When oxygen lev- 
els are low (i.e hypoxia), the PHD enzymes are not activated, and 
HIF-1a and HIF-2a do not interact with VHL and are thus able to 
accumulate and heterodimerize with HIF-B subunit activating their 
target genes. If VHL is inactivated, lack of pVHL has a similar effect 
to that of hypoxia with HIF-la and HIF-2a stabilization allowing 
transactivation of HIF-target genes.!! 

Both HIF-1 and HIF-2 degradation is regulated by pVHL, but 
there is evidence that HIF-2 overexpression is more important for 
RCC development. Over two hundred direct HIF responsive genes 
have been described; these include genes responsible for cell prolif- 
eration such as transforming growth factor and epidermal growth 
factor receptor; angiogenesis (vascular endothelial growth factor, 
platelet-derived growth factor B, interleukin-8), glucose uptake 
and metabolism (e.g. glucose transporter 1), chemotaxis (e.g stro- 
mal cell derived factor), and cell cycle control (e.g. cyclin D1 is an 
important target of HIF-2 and is upregulated in VHL null cancer 
models).!2 

VHL inactivation can also contribute to tumourigenesis in a HIF 
independent manner. Thus, VHL can regulate p53 function in a 
HIF independent manner by suppressing p53 ubiquitinization and 
so enhancing its transcriptional activity. 
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Fig. 6.27.2 The role of VHL in the hypoxic response. The role of the product of VHL (pVHL) in the hypoxic response. HIF is hydroxylated on one of two preserved prolyl 
residues by one of three prolyl hydroxylase (PHD). These enzymes are sensitive to oxygen concentration changes over a physiological range.4 When oxygen levels are 

low, HIF« is stable. When oxygen is available HIFa is hydroxylated on one or both proline residues generating a binding site for VHL. Recruitment of the VHL E3 ligase 
complex containing elongin C, elongin B, cullin 2, RING-box protein 1 (RBX1), leads to the polyubiquitylation and proteasomal degradation of HIF«. If VHL is inactivated, 
HIF cannot be ubiquinated and thus accumulates in the cytoplasm. It dimerizes with HIFP and translocates to the nucleus. The HIFa/B heterodimer enhances 
transcription of >200 genes. These include proteins regulating: (i) glucose uptake and metabolism (e.g. GLUT-1); (ii) angiogenesis (e.g. VEGF); (iii) extracellular matrix 
formation and turnover (e.g. matrix metalloproteinase 1); (iv) chemotaxis (e.g. GX-C chemokine receptor 4); (v) survival and proliferation (e.g. transforming growth 


factor a); and (vi) the epithelial to mesenchymal transition. 


Birt-Hogg-Dubé syndrome 


Birt-Hogg-Dubé (BHD) syndrome is an autosomal dominant con- 
dition characterized by skin lesions, multiple lung cysts, spontan- 
eous pneumothorax, and kidney cancer.!? A classical triad of skin 
lesions can occur in BHD syndrome, these consist of fibrofollicu- 
linomas (the most common lesions), trichodiscomas, and achro- 
cordomas.!* This syndrome was first described in 1977 and 25 years 
later was found to be caused by mutations in a gene called folli- 
culin (FLCN).!5 Clinical diagnostic criteria for BHD are available 
for diagnosis (Box 6.27.1) but a FLCN mutation can be detected in 
most cases. 

The first clinical presentation of BHD syndrome may be to the 
urologist as a renal tumour, or to the acute physician with a spon- 
taneous pneumothorax.!> BHD is likely under-diagnosed as the 
dermatological features (typically facial fibrofolliculomas) appear 
after age 20 years but may be absent or, if sparse, overlooked.1416 
Individuals with BHD are estimated to be at a seven fold increased 
risk of renal cell carcinoma.!” In contrast to VHL disease, BHD is 
associated with a variety of histological subtypes of RCC including; 


clear cell carcinoma, chromophobe renal cell carcinoma, and a 
hybrid of oncocytoma and chromophobe RCC.° In a large UK 
study of individuals with familial kidney cancer without known 
mutations in VHL, MET, and FH, BHD was found in 4.3% of cases. 
Though there are no universally agreed guidelines for surveillance, 
annual renal MRI (or ultrasound) is recommended from age 20 
years.® If a renal tumour is detected the management is generally 
similar to that in VHL disease—removal when 3 cm in diameter 
by nephron sparing surgery. Often there is considerable phenotypic 
variation within families (e.g. some individuals with only cutane- 
ous lesions, others with pneumothorax, and others with renal cell 
carcinoma).!* In addition to the three major features of BHD syn- 
drome, there is also a reported association with colorectal cancer— 
though this is not universally accepted.!” It has been suggested that 
only some FLCN mutations may predispose to colorectal cancer.!8 

FLCN encodes a 579 amino acid protein which is evolutionar- 
ily well conserved.!+!519 The vast majority of FLCN pathogenic 
mutations lead to truncated proteins.2°?! FLCN is believed to 
function act as a tumour suppressor and somatic FLCN mutations 
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Box 6.27.1 Diagnostic criteria for Birt-Hogg-Dubé syndrome 
(individuals should have one major or two minor criteria)" 


Major criteria 


¢ 25 fibrofolliculomas or trichodiscoma, at least one histologi- 
cally confirmed of adult onset 


+ Pathogenic FLCN mutation 
Minor criteria 


+ Multiple lung cysts bilaterally basally located with no apparent 
cause with or without spontaneous primary pneumothorax 


+ Renal cancer: onset <50 years, multifocal or renal cancer of 
mixed chromophobe and oncocytic histology 


+ A first degree relative with BHD 


Reprinted from The Lancet Oncology, Volume 10, Issue 12, Fred H Menko 

et al., ‘Birt-Hogg-Dubé syndrome: diagnosis and management, pp. 119-1206, 
Copyright © 2009 Elsevier Ltd., with permission from Elsevier, http://www. 
sciencedirect.com/science/journal/14702045 


can be detected in RCC from individuals with BHD syndrome— 
in keeping with Knudsor’s two hit hypothesis.?! Mutations in rat 
and canine orthologues of FLCN lead to renal tumours similar to 
those seen in BHD.!32223 A kidney specific Flen knockout mouse 
had enlarged cystic kidneys with cystic renal cell carcinoma. Flen 
inactivation was associated with activation of the mammalian tar- 
get of rapamycin (mTOR) pathway suggesting that some of the nor- 
mal tumour suppressor activity of FLCN was achieved by inhibiting 
the mTOR pathway.*475 An FLCN interacting protein, FNIP1, has 
been identified, this interacts with 5’- AMP-activated protein kin- 
ase (AMPK), an important energy sensor in cells that negatively 
regulates the mTOR.*®?8 Treatment of Flen knockout mice with 
mTOR inhibitors lead to decreased tumour growth and increased 
survival? but in other models the effect of folliculin deficiency on 
mTOR activity has been inconsistent and folliculin regulation of 
mTOR may be context dependent. Folliculin may also have a role in 
regulating TGF-B pathway signalling,*° mitochondrial function?! 
and HIF transcription activity.3? 


Hereditary leiomyomatosis and renal cell carcinoma 


Heriditary leiomyomatosis (HLRCC) is a dominantly inherited dis- 
order associated with cutaneous leiomyoma, uterine leiomyomas, 
and in some individuals an aggressive type II papillary renal cell 
carcinoma.°? RCC is seen in 20% of HLRCC families.34 HLRCC is 
caused by mutations in the fumarate hydratase (FH) gene. Biallelic 
inactivation of FH occurs in HLRCC-associated renal tumours.*4 
Fumarate hydatase is an enzyme of the Kreb cycle that catalyses 
the conversion of fumarate to malate. FH inactivation increases cel- 
lular fumarate which inhibits the hypoxia-inducible factor prolyl 
hydroxylase enzymes (HIF-PHDs). Proline hydroxylation of HIF1 
and HIF2 are critical for pVHL regulation of HIF transcription 
factor levels. FH inactivation causes stabilization of HIF and the 
upregulation of HIF-target genes (mimicking the effect of VHL 
inactivation) .3>6 

HLRCC associated RCC are typically solitary and unilateral, 
have a high nuclear grade and are aggressive. Most patients will die 
of metastatic disease within five years after diagnosis—even with 
small T1 tumours. Thus, unlike in other familial cancer syndromes, 


urologists should not wait until a threshold of 3 cm has been 
reached but should intervene when a tumour is detected. RCC can 
occur in early adulthood so surveillance may be indicated from late 
childhood.?” 


Succinate dehydrogenase subunit disorders 


Succinate dehydrogenase (SDH) is a heterotetrameric protein 
located on the inner mitochondrial membrane consisting of four 
subunits (A, B, C, and D). It has a critical role in cellular energy 
metabolism. SDH catalyses the conversion of succinate to fumar- 
ate.38 Mutations in SDH subunit genes (most commonly SDHB 
and SDHD) are associated with predisposition to familial phaeo- 
chromocytoma, paraganglioma, and head and neck paraganglioma 
syndromes.*® Individuals with SDHB mutations have ~15% life- 
time risk of developing RCC”“° and about 4% of individuals with 
features of non-syndromic inherited RCC have a SDHB mutation.’ 
SDHB-associated renal cell carcinoma may be associated with a dis- 
tinctive histopathological appearance and a relatively good prog- 
nosis.4! Paraganglioma and phaeochromocytoma associated with 
SDHB mutations have been shown to have increased HIF-1 and 
VEGF expression suggesting a shared pathophysiology with FH 
deficiency and linking SDHB mutations to the pseudo-hypoxic 
pathway. Inhibition of SDH has been shown to lead to increases 
in succinate, causing inhibition of PHD, and thus stabilization 
of HIFla.*? Renal tumours may occasionally be associated with 
SDHC and SDHD mutations.*® 


Hereditary papillary renal cell carcinoma 


Hereditary papillary renal cell carcinoma (HPRC) occurs in 
approximately 1 in 10 million persons! and has an incomplete pene- 
trance (90% likelihood of developing RCC at 80 years of age).44 It is 
caused by activating mutations in the MET proto-oncogene. HPRC 
is inherited in an autosomal dominant manner and is associated 
with the development of multiple bilateral type I PRCC.*° 13% of 
sporadic papillary renal cell carcinoma also contain a MET muta- 
tion.4647 Identification of the MET mutation was facilitated by the 
fact that type I papillary renal cell carcinomas are associated with 
trisomy 7, and thus linkage analysis was performed and the proto- 
oncogene identified on 7q34.47-48 Breast, pancreas, and stomach 
cancers have been associated with HPRC in some families.*” By 
age 50, only around 30% of MET mutation carriers have devel- 
oped renal cancer. Individuals with inherited papillary renal cell 
carcinoma can have over 1,000 microscopic papillary carcinoma in 
resected specimens,*? though HRPC tumours have a better prog- 
nosis than those associated with HLRCC. Met is the tyrosine kinase 
receptor for hepatocyte growth factor.” Point mutations occur in 
both sporadic and inherited papillary renal cell carcinoma lead- 
ing to constitutive activation of the receptor pathway. Interestingly, 
MET expression has also been found to be upregulated in some 
clear cell renal carcinoma models,*°>! suggesting that the MET/ 
HGF pathway maybe have more general relevance in the pathogen- 
esis of RCC. 


Translocation 


Inherited renal cell carcinoma may be associated with a constitu- 
tional translocation, most commonly involving the short arm of 
chromosome 3 (3p) and thus karyotyping is a standard investiga- 
tion for patients suspected of inherited RCC. Initially autosomal 
dominantly inherited familial RCC was reported in association 


CHAPTER 6.27 GENETICS AND MOLECULAR BIOLOGY OF RENAL CANCER 


with a constitutional t(3:8)(p12;q24) and since then eleven fur- 
ther RCC-associated translocations have been identified.” 
Investigation of these translocations has led to the identification of 
candidate TSGs, for example FHIT,; TRC8, LSAMP, and NORE1. 
In some cases it has been suggested that the genes disrupted by 
the translocation function, like VHL, act as TSGs with a ‘two hit 
model of tumourigenesis, but in others predisposition to renal 
tumorigenesis appears to result from instability of the translocated 
chromosome such that 3p is lost from the cell and then a somatic 
VHL mutation occurs on the remaining chromosome 3. Ina recent 
population-based study, RCC individuals with translocations were 
at a similar age to individuals with FLCN or VHL mutations, and 
often had multiple tumours.*? 

Low penetrance RCC susceptibility genes: Polymorphic variation 
in the MITF gene was reported to predispose to RCC and melan- 
oma and variants associated with HIF-2 and Cyclin D1 regulation 
have been linked to RCC.5455 


The molecular genetics of sporadic 
kidney cancer 


Chromosomal changes in sporadic kidney cancer 


As mentioned previously, the role of VHL in sporadic kidney cancers is 
pivotal with >80% of clear cell RCC demonstrating VHL inactivation.*® 
VHL resides on chromosome 3p and early cytogenetic studies indicated 
3p allele loss in over 60% of sporadic kidney cancers.*” Detailed map- 
ping of the 3p area did not demonstrate a single area of critical allele 
loss, and 3p was found to contain a number of TSGs.** Important TSGs 
on 3p include RASSFIA, which was silenced by methylation in about a 
half of kidney cancers°? and PBRM1 which is mutated in about 40% 
of RCC.*! Microarray-based studies have revealed areas of increased 
copy number (1q, 2q, 5q, 7q, 8q, 12p and 20q) and decreased number 
(1p, 3p, 4q, 6q, 8p, 9p, and 14q).° These differences in copy number 
can help identify possible genes of interest in the pathogenesis of kid- 
ney cancer. 

A specific somatic cytogenetic abnormality, Xp11.2 translocation, 
occurs in a rare subset of papillary RCC. Xp11.2 translocation posi- 
tive tumours account for up to a third of paediatric or young adult 
RCC cases but are rare in older cases. Xp11.2 translocation positive 
cancers have an aggressive course. The translocations results in a 
fusion between the transcription factor on chromosome Xp11 with 
one of a number of other genes (at least six).©? The tumour tends to 
be a mixture of papillary and alveolar type. In adults, Xp11 translo- 
cations are relatively rare with one study suggesting an incidence of 
only 1.6% The type of translocation may also be associated with 
disease severity. Interestingly, there is interplay between this path- 
way and the MET pathway, as TFE translocations are associated 
with upregulation of c-met and then increased intracellular signal- 
ling.© TFE has also been shown to be upregulated in FLCN null 
cells, indicating that TFE may have a more prevalent role in kidney 
cancer than previously identified. 


Somatic mutations in sporadic kidney cancer 


Following the identification of frequent VHL gene mutations in 
sporadic clear cell RCC it was more than 15 years before a second 
frequently mutated gene was identified. Thus exome sequencing 
revealed truncating mutations in the PBRM1 gene on chromosome 
3p21 in 41% of clear cell RCC.°! PBRM1 encodes the chromatin 
targeting subunit of the PBAF SWI/SNF chromatin remodelling 


complex. Prior to this finding resequencing of 3,500 candidate can- 
cer genes in RCC identified three genes were each mutated in ~3% of 
sporadic RCC and which were each implicated in histone modifica- 
tion.© These were the histone 3 lysine demethylases UTX/KDM6A 
and JARID1C/KDM5C and the H3 lysine methylase SETD2. These 
finding suggested that disruption of normal patterns of chroma- 
tin modification play a key role in RCC development. Interestingly, 
neurofibromatosis 2 gene (NF2) mutations were detected in a small 
subset of tumours without VHL mutations.°7 


Epigenetic changes in sporadic kidney cancer 


Epigenetic modifications have been implicated in the pathogenesis 
of many cancers. The best studied feature of cancer epigenetics is 
epigenetic silencing of TSGs by de novo promoter region hyper- 
methylation.68 VHL was one of the first human TSGs in which epi- 
genetic inactivation was demonstrated. Though genetic changes 
(mutation or allele loss) are more common sources of VHL inacti- 
vation than de novo DNA methylation, the RASSF1A TSG is inacti- 
vated much more frequently by promoter region hypermethylation 
than by intragenic mutations. More than 40 candidate TSGs genes 
are reported to be methylated in more than 20% of kidney cancers”? 
and this number will expand as the results of large scale cancer gen- 
ome projects are released. More detailed knowledge of the patterns 
of epigenetic inactivation of TSGs in RCC will offer opportunities 
for therapeutic intervention. Thus, a key feature of epigenetic TSG 
inactivation is that it is potentially reversible (promoter hyper- 
methylation may be reversed by demethylating agents). In addition, 
delineation of the key signalling pathways that are dysregulated by 
epigenetic TSG inactivation will offer new possibilities for targeted 
therapies. 


The clinical impact of understanding key kidney 
cancer pathways 


As described above the two major pathways implicated in renal 
cell oncogenesis are the hypoxia-inducible pathway and the mTOR 
pathway. There is some interaction between the two pathways and 
other genes found to be important in familial or sporadic renal can- 
cer influence these pathways (see Fig. 6.27.3). Novel targeted agents 
are described elsewhere in this book, and thus will be mentioned 
only briefly here. However, before 2005 the only systemic treatment 
available for RCC was immunotherapy. Since then, the first drugs 
developed were orally available tyrosine kinase inhibitors. One 
such drug, sunitinib targets VEGF, PDGFRa, FLT3, and c-kit path- 
ways. This is now the UK standard of care for advanced renal cell 
carcinoma and in clinical trials more than doubled progression- 
free survival from five to eleven months.® In the second line set- 
ting and in the first line in those with poor prognostic features (on 
clinical evaluation), mTOR inhibitors have been used effectively. 
Temsirolimus is used in individuals with high risk renal cell carcin- 
oma and is the only targeted agent shown to improve overall survival 
(HR = 0.75) in advanced disease.”° Everolimus is an oral prepar- 
ation used in the second line setting and has also improved progres- 
sion-free survival from two months to five months.”! Furthermore, 
new agents are being evaluated and licenced in the management of 
RCC with the tyrosine kinase inhibitors pazopanib”* and axitinib” 
entering clinical practice. These drugs have also been utilized in 
so-called orphan cancers where historically there has been less 
investment in drug development for example sunitinib and everoli- 
mus are now used in neuroendocrine cancers,’*7> and sorafenib 
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Fig. 6.27.3 An interaction between the key pathways involved in the development of renal cell carcinoma. Within an individual tumour there is likely to abrogation of a 
number of signalling pathways, which have already been exploited therapeutically. However, with a better understanding of the mutation spectrum in individual patients, 
in the future patients may receive personalized care on the basis of the mutations found in their cancer. 


in hepatocellular carcinoma.”° These targeted agents are also being 
used in common cancers, everolimus has recently been shown to 
be efficacious in hormone-receptor-positive breast cancer.’” Thus, 
understanding the molecular biology of RCC has helped improve 
the care for individuals with other cancers. Over the next few years, 
there will be further improvements in the understanding of the 
genetic basis of familial and sporadic renal cancers. This will pro- 
vide increased opportunities for personalized medicine, where the 
individual is treated on the basis of the genetic alterations seen in 
their tumour. Furthermore, with the development of more novel 
therapies, chemo-preventative treatments for those with inherited 
susceptibilities may become a possibility. 


Conclusions 


Familial kidney cancers represent a diagnostic and clinical chal- 
lenge to those involved in the management of individuals with 
inherited susceptibilities. The cornerstones of effective clinical 
care are: (i) recognition of potential inherited RCC syndromes; 
(ii) characterization of responsible gene mutation (if detectable); 
(iii) regular renal imaging for affected individuals and at-risk rela- 
tives (unless shown not to be mutation carriers); and (iv) excellent 
interdisciplinary working. The studies of individuals with these 
conditions have revealed the key pathways in kidney cancer onco- 
genesis. The two most important pathways are those of the hypoxia- 
inducible pathway and the mTOR pathway. These pathways have 
been found to play important roles in the development of sporadic 
as well as inherited RCC. Over the last decade, treatments based 
on the abnormalities in the hypoxia-inducible pathway and mTOR 
pathway have revolutionized patient management and improved 
survival in patients with advanced disease. 
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CHAPTER 6.28 


Pathology of renal cancer 
and other tumours 
affecting the kidney 


Antonio Lopez-Beltran, Rodolfo Montironi, 


and Liang Cheng 


Introduction to pathology of renal cancer 
and other tumours affecting the kidney 


The current classification of renal cell tumours was propossed in 
2004 by the World Health Organization (WHO).!? It describes 
categories and entities based on pathological and genetic analyses, 
and previous classifications, in particular the Mainz and Heidelberg 
classifications.?~4 Since this is a rapidly expanding field of research, 
new entities and morphologic variants of common categories have 
recently been described.!-35-!55 This chapter gives an overview on 
recent developments in the classification of kidney tumours in chi- 
dren and adults. 


Familial renal cancer 


Hereditary renal cancers show a tendency to be multiple and 
bilateral, may have a family history, and present at an earlier 
age. 10,12,20,27,36,37,39.41,58 Table 6.28.1 lists known inherited syn- 
dromes that predispose to renal tumours.!? 


Table 6.28.1 Familial renal tumours 


Von Hippel-Lindau clear cell renal cell carcinoma 


Like its sporadic counterpart, von Hippel-Lindau (VHL) clear cell 
renal cell carcinoma (RCC) harbours defective VHL tumour sup- 
pressor genes. Genetic alteration in the VHL gene in the tumour 
can include deletion, nonsense, or frame-shift mutations or mis- 
sense mutations. 10 


Hereditary papillary renal cell carcinoma 


Hereditary papillary RCC are typically bilateral, multifocal type 
1 papillary RCC. Genetic alterations involve a proto-oncogene, 
c-MET, located at 7q31.1. Similar to what is found in sporadic pap- 
illary renal cell carcinoma, trisomy 7 and 17 are identified.?’ 


Hereditary leiomatosis renal cell carcinoma 


Hereditary leiomyomatosis-associated RCC patients develop cuta- 
neous and uterine leiomyomas and type 2 papillary RCC. The 
pathologic findings in this disease are caused by mutations in the 
fumarate hydratase gene located at 1q42.3° Architectural patterns 


Syndrome Gene Tumour 
Von Hippel-Lindau (VHL) VHL (3p25) ear cel 
Tuberous sclerosis ECL TSC? 


Familial renal carcinoma Gene not identified 


ear cel 


Constitutional chromosome 3 translocation 


Responsible gene not found* 


ic 
Angiomyolipoma, clear cell, other 
al 
G 


ear cel 


Hereditary PRCC c-MET Papillary type 1 
Birt-Hogg-Dubé (BHD) BHD Chromophobe** 
Familial oncocytoma Loss of multiple chromosomes Oncocytoma 


Hereditary leiomyomatosis RCC FH 


Papillary type 2 


*VHL gene mutated in some families. 


*Renal oncocytomas, hybrid oncocytic, and clear cell carcinomas may occur. 


Reproduced from Springer, Rare Tumors and Tumor-like Conditions in Urological Pathology, ‘Renal Tumors and Tumor-Like Conditions’, 2015, pp.1-61, Antonio Lopez-Beltran et al., Springer 
International Publishing, Copyright © 2015 Springer International Publishing Switzerland. With permission of Springer Science+Business Media. 
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are papillary, tubulopapillary, tubular, solid, or mixed. The hall- 
mark of the hereditary leiomyomatosis RCC, is the presence of 
large nucleus with a very prominent eosinophilic nucleolus, sur- 
rounded by a clear halo.!> These tumours are associated with poor 
prognosis. 1536 


Birt-Hogg-Dubeé syndrome 


Birt-Hogg-Dubé is an autosomal dominant cancer syndrome 
characterized by benign skin and renal tumours, and spontaneous 
pneumothorax.*” The disease-related gene has been mapped to 
chromosome 17p11.2. Birt-Hogg-Dubé is characterized by a spec- 
trum of mutations, and clinical heterogeneity among and within 
families. Renal epithelial tumours with hybrid features are seen in 
this syndrome.3745 


Renal cell carcinoma 


Clear cell renal cell carcinoma 


Most clear cell RCC are variably sized solitary cortical neoplasms, 
rarely bilateral (<5%) or multicentric (4%),°4 typically golden 


yellow. Necrosis, cystic degeneration, haemorrhage, calcification, 
ossification, and extension into the renal vein may occur. Clear cell 
tumours of any size are considered malignant (Table 6.28.2).1248,84 

Microvascular invasion and microscopic tumour coagulative 
necrosis may be relevant predictors in low stage RCC.2417,18,84 
Clear cell RCC has a worse prognosis when compared with chro- 
mophobe or papillary subtypes, and may progress into a sarcoma- 
toid carcinoma which is an ominous prognostic sign. 

The international Society of Urological Pathologists (ISUP) sug- 
gested that clear cell RCC grading should be based upon nucleolar 
features and not Fuhrman grading for grade 1 to 3 tumours.48-110 
Sporadic clear cell RCC displays frequent chromosome 3p losses 
(Table 6.28.2, Fig. 6.28.1).4% 

Clear cell RCC may have acidophilic cytoplasm, angioleiomyoma- 
like stroma or pseudopapillary architecture but retains the charac- 
teristic 3p loss (Table 6.28.3).91481,104,108, 111135 


Multilocular cystic renal cell carcinoma 


The 2004 WHO classification of kidney tumours recognizes mul- 
tilocular cystic RCC (MCRCC) as a variant of clear cell RCC with 


Table 6.28.2 Main histotypes of renal cell tumours seen in adults with associated genetic alterations 


Malignant renal cell tumours 


Main genetic alterations 


+ Clear cell renal cell carcinoma 


-3p, +5q22, —6q, —8p, —9p, -14q 


@ Multilocular cystic renal cell neoplasm of low malignant potential 
(multilocular clear cell renal cell carcinoma) 


VHL gene mutation 


@ Papillary renal cell carcinoma 


+3q, +7,+8, +12, +16, +17, +20, -Y 


+ Chromophobe renal cell carcinoma 


-1, -2,-6,-10, -17, -21, hypodiploidy 


+ Carcinoma of the collecting ducts of Bellini 


—1q, -6p, -8p, -13q, -21q, -3p (rare) 


+ Tubulocystic carcinoma 


Variable trisomy of chromosome 17 


+ Renal medulary carcinoma 


Rare loss of chromosome 22 


+ MiT family translocation RCC (renal carcinoma associated with Xp11.2 
translocations/TFE3 gene fusions (MiTF/TFE family translocation carcinomas) 


t(X;1 )(p11.2;q21), t(X;17)(p1 1.2;q25), t(X;1 )(p11.2;p34), t(X;17)(p11.2;q23), 
others 


+ Renal cell carcinoma in long-term survivors after neuroblastoma 


Allelic imbalance at 20q13 


@ Mucinous tubular and spindle cell carcinoma 


-1, -4, -6, -8, -13, -14, +7, +11, +16, +17 


+ Renal cell carcinoma unclassified 


Unknown 


Renal cell neoplasms in end-stage renal disease 


+ Acquired cystic disease-related RCC 


Variable gains chromosomes 7 and 17, no VHL gene deletions, rare gains 1, 2, 
6, 10 


Clear cell papillary RCC 


Lacked the gains of chromosome 7, no loss of Y chromosome, lack 3p 
deletions 


Benign renal cell tumours 


+ Papillary adenoma 


Similar to papillary RCC but less extensive 


+ Oncocytoma 


Chromosomes 1 and/or 14 loss and frequent alterations of mitochondrial 
DNA, 11q13 translocation, no chromosome 3p loss 


+ Metanephric tumours: adenoma, adenofibroma, stromal metanephric 


Normal karyotypes, 2p deletion, others 


Mixed stromal and epithelial tumours 


+ *Renal epithelial and stromal tumour (REST) 


Nonrandom X-chromosomelnactivation, others 


*Include categories listed in other classifications as cystic nephroma or mixed epithelial and stromal tumour. 


Adapted from European Urology, Volume 49, Issue 5, Antonio Lopez-Beltran et al, ‘2004 WHO Classification of the Renal Tumors of the Adults, pp. 798-805, Copyright © 2006 European 
Association of Urology, with permission from Elsevier, http://www.sciencedirect.com/science/journal/03022838 
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Fig. 6.28.1 Main histologic types of renal cell carcinoma. Clear cell type (A) showing chromosome 3p deletion (one single green signal) (B); papillary type 1 (C) and type 
2 (D) showing trisomy 7 and 17 (three signals green and three signals red) (E); chromophobe type (F) showing chromosome 10 monosomy (one single blue signal) (G). 


(B, E, G: fluorescent in situ hybridization analysis). 


a good prognosis.” This is a tumour entirely composed of cysts of 
variable size separated from the kidney by a fibrous capsule. The 
cyst are lined by a single layer of clear to pale cells but occasion- 
ally shows a few small papillae.” The septa are composed of fibrous 
tissue that may have epithelial cells with clear cytoplasm that 
resemble those lining the cysts (Table 6.28.2). Cases with expan- 
sive nodules are excluded. VHL gene mutations in MCRCC sup- 
ports its classification as a type of clear cell RCC.*? No progression 
of MCRCC has been reported. It has been suggested to rename 
MCRCC as multilocular cystic renal cell neoplasm of low malig- 
nant potential.3? 


Papillary RCC has a less aggressive clinical course than clear cell 
RCC.1? Papillary RCC has variable proportions of papillae and 
may be bilateral or multifocal with haemorrhage, necrosis or cys- 
tic degeneration (Table 6.28.2, Fig. 6.28.1). The papillae contain 
a fibrovascular core with aggregates of foamy macrophages, calci- 
fied concretions, and frequent hemosiderin granules.®° Cellular 
type 1 and type 2 tumours have papillae covered by small cells 
with scanty cytoplasm arranged in a single layer in typel, and 
tumour cells of higher nuclear grade, eosinophilic cytoplasm, and 
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Table 6.28.3 Immunohistochemical profile of common renal neoplasms 


Tumour histotype 


Clear cell RCC 


Positive for: vimentin, AE1/AE3, CD10, RCCm, CD15, PAX2, PAX8, and carbonic anhydrase IX 


Negative for: HMWCK, CK7, CK20, CD117, Ksp-cadherin, parvalbumin 


Papillary RCC and mucinous tubular and 
spindle cell carcinoma 


Positive for: vimentin, AE1/AE3, CK7, AMACR, RCC Marker, PAX2, and PAX8 
Negative for: CD117, Ksp-cadherin, and parvalbumin 


Chromophobe RCC/oncocytoma 


Positive for: E-cadherin, Ksp-cadherin, parvalbumin, CD117, AE1/AE3 


Negative for: vimentin, CK7 (or weak), carbonic anhydrase IX, and AMACR 


Collecting duct carcinoma 


Positive for: p63 and HMWCK, Some positive for PAX2 and PAX8 


When p63 and uroplakin Ill positive more likely urothelial carcinoma 


Papillary clear cell RCC 
Negative for: AMACR 


Positive for: CK7, PAX2, and PAX8 


Xp11.2 translocation carcinoma 


Positive for: CD10, RCC Marker, TFE3, PAX2, and PAX8 


Usually negative or focally positive for AE1/AE3 


Urothelial carcinoma (renal pelvis) 


Positive for: CK7 and p63 (70%), CK5/6 and CK20, uroplakin III, HMWCK, and thrombomodulin 


Negative for: RCC Marker, CD10, PAX2, and PAX8 


Epithelioid angiomyolipoma 


Positive for. HMB-45, Mart-1, or Melan-A, micropthalmia transcription factor, tyrosinase, and muscle-specific actin 


Negative for: AE1/AE3, EMA, CD10, RCC Marker, PAX2, and PAX 


RCC: Renal cell carcinoma. 


Adapted with permission from Shen SS et al, ‘Role of Immunohistochemistry in Diagnosing Renal Neoplasms: When Is It Really Useful?, Archives of Pathology and Laboratory Medicine, 


Volume 136, pp.410—417, Copyright © 2012 College of American Pathologists. 


pseudostratified nuclei in type 2.734975:76 Type 1 tumours have 
longer survival.?57475 Trisomy or tetrasomy 7, trisomy 17 and loss 
of chromosome Y are the cytogenetic signature (Fig. 6.28.1).26° 
Stage, tumour proliferation, and sarcomatoid change being cor- 
related with outcome. It has been suggested that papillary RCC 
grading should be based upon nucleolar features and not Fuhrman 
grading for grade 1 to 3 tumours.*® Age and sex distribution of pap- 
illary RCC is similar to clear cell RCC. Recent molecular genetic 
studies provide evidences for the independent origin of multifocal 
papillary tumours in patients with papillary RCC. An oncoytic 
variant of papillary RCC has been reported.!°° One patient died 
of metastases on follow-up (Table 6.28.3).!! 


Chromophobe renal cell carcinoma 


Less aggressive than other RCC, the chromophobe type is char- 
acterized by huge pale cells with reticulated cytoplasm and prom- 
inent cell membrane (Table 6.28.2, Fig. 6.28.1).!78 It accounts for 
5% of renal epithelial tumours.*33475976 Chromophobe RCC is 
solid and appears orange turning grey or sandy after fixation. The 
eosinophilic variant needs to be differentiated from oncocytoma.® 
Sarcomatoid transformation is associated to aggressive dis- 
ease.47,64,67 Diffuse cytoplasmic Hale’s iron colloid stain is charac- 
teristic. The relationship between oncocytoma and chromophobe 
RCC is still unclear. Both seems to derive from the intercalated 
cell of the collecting duct, both have rearrangement of mitochon- 
drial DNA, increased mitochondria in oncocytoma!® and numer- 
ous mitochondria-derived microvesicles in chromophobe RCC, 
and both are frequently observed in oncocytosis with or with- 
out Birt-Hogg-Dubé syndrome.°? There are reports of hybrid 
tumour composed of oncocytic and chromophobe elements. 
Therefore, oncocytoma might be the benign counterpart of chro- 
mophobe RCC.!4 Loss of several chromosomes characterizes 


chromophobe RCC (Table 6.28.2, Fig. 6.28.1).77° Recognizing 
occassional occurrence of metastases and 10% mortality is of clin- 
ical relevance. At diagnosis most patients are in the sixth decade, 
stage T1 or T2 (86%) and similar gender incidence. Fuhrman 
grading is not appropiated to grade chromophome RCC with an 
international consensus on that chromophobe RCC should not be 
graded at present (Table 6.28.3).76 


Carcinoma of the collecting ducts of Bellini 


Collecting duct carcinoma (CDC), also known as Bellini’s 
tumour, accounts for <1% of renal malignancies and derives from 
the ‘principal cells’ of the collecting duct (Table 6.28.2); ranges 
2.5 to 12 cm, is centrally located, and shows a firm grey-white 
appearance.63066.106 Mean patient age is 55 years with male pre- 
dominance. When small, origin within a medullary pyramid may 
be seen. At diagnosis, most tumours are in advanced stage with 
metastasis and morphologic criteria for diagnosis are the presence 
of an infiltrative tubular or tubulopapillary pattern, associated with 
desmoplastic stromal reaction, necrosis, and cells displaying high 
Fuhrman grade. CDC is positive for low and high molecular weight 
keratins, c-KIT, and vimentin, but molecular alterations of CDC are 
poorly understood (Table 6.28.2).%39.66106.114 The main differential 
diagnoses of CDC include type 2 PRCC, renal pelvic adenocarcin- 
oma, or urothelial carcinoma with glandular differentiation.°% 106 


Renal medullary carcinoma 


It is a rapidly growing rare tumour of the renal medulla regarded 
as an aggressive variant of collecting duct carcinoma!” that was 
initially considered of renal pelvis origin. Some may have solid or 
rhabdoid phenotype.”? With few exceptions this tumour is seen 
in young male blacks with sickle cell trait (mean age 22 years), 
presenting with haematuria, flank pain, weight loss, and palpable 
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mass. Metastatic disease may be the initial clinical evidence and the 
reported prognosis is poor.”?106 


Tubulocystic carcinoma 


Is a rare renal tumour composed of tubular and cystic structures 
(Table 6.28.2).42 The genomic alterations of tubulocystic carcinoma 
are alike but not identical to those of papillary RCC. Like papillary 
RCC, it often exhibits trisomy of chromosome 17, but it does not 
show trisomy 7.4? It does not exhibit monosomy of chromosomes 
1, 6, 14, 15, and 22 and frequent allelic loss on chromosomal arms 
1q, 6p, 8p, 13q, and 21q, which are frequently seen in collecting 
duct cancer.4* Immunohistochemistry showed variable expression 
of CD10, AMACR, parvalbumin, 34BE12, PAX-2, and CK19.1!4 A 
recent report on 13 cases showed one case with lymph node metas- 
tasis.4* Some may coexist with papillary RCC.” It is considered a 
poorly defined entity. 


MiTF/TFE family translocation carcinomas 


This type of RCC is defined by different translocations involving 
chromosome Xp11.2, all resulting in gene fusions involving the 
TFE3 gene (Table 6.28.2, Fig. 6.28.2).5!-57 This carcinoma pre- 
dominantly affects children and young adults, but may be seen in 
adults. The ASPL-TFE3 translocation carcinomas characteristically 
present at an advanced stage associated with lymph node metasta- 
ses.°!-57 RCC associated with Xp11.2 translocations resemble clear 
cell RCC on gross examination and seems to have an indolent evo- 
lution, even with metastasis. The histopathologic appearance is 
that of a papillary carcinoma with clear cells and cells with granu- 
lar eosinophilic cytoplasm with foci of calcifications regardless of 
the type of translocation. TFE3 immunostainings were positive 
in only 82% of TFE3 translocation carcinomas.® Both TFE3 and 
TFEB renal translocation carcinomas expressed CD10 and alpha- 
methylacyl-coenzyme-A racemase® (Table 6.28.3). Another sub- 
set of renal tumours are associated with a translocation t(6;11) 
(p21;q12) involving the transcription factor EB (TFEB).!°7 Argani 
and Ladanyi have*!-°” recently proposed to regroup these neo- 
plasms under the category of “MiTF/TFE family translocation 
carcinomas. Translocation involving TFE3 and TFEB can be specif- 
ically identified by immunohistochemistry, but diagnosis may also 
be performed by FISH analysis.°!~97:107 


Mucinous, tubular, and spindle cell carcinoma 


This entity,” is a low-grade carcinoma composed of tightly packed 
tubules separated by pale mucinous stroma and a spindle cell com- 
ponent.®.78,80 Tt seems to derive from the distal nephron. This 
tumour has a combination of losses involving chromosomes 1, 
4, 6, 8, 13 and 14 and gains of chromosome 7, 11, 16, and 17.7480 
A recent immunohistochemical analysis found a significant over- 
lap with papillary RCC,?! and some authors believe this is a variant 
of papillary RCC with spindle cell differentiation (Table 6.28.3).?! 
There is a female predominance and the mean age is 53 years at 
diagnosis. One patient developed metastases on follow-up. It is a 
poorly defined entity.9°.7880 


Renal cell carcinoma in long-term survivors 
after neuroblastoma 
A few cases of RCC arise in long-term survivors of childhood 


neuroblastoma.® This group is heterogeneous that shows oncocy- 
toid features. Allelic imbalances occur at the 20q13 locus.878 The 


Fig. 6.28.2 Renal cell carcinoma in a case of Xp.11 translocation showing 
papillary arechitecture, eosinophilic and clear cells, and focal calcification (A); 
nuclear immunoreactivity for TFE-3 protein (B). 


prognosis is similar to other RCC. Uni- or bilateral lesions develop 
at mean age of 13.5 years.78 


RCC with sarcomatoid or rhabdoid differentiation 


Current WHO classification does not consider sarcomatoid RCC as 
an entity but rather as a progression of any RCC main type.”2967,74 
Pure sarcomatoid morphology without recognizable epithelial 
elements falls into the unclassified RCC category.??547 RCC with 
sarcomatoid elements show higher proliferative activity than other 
renal cell carcinoma types and usually exhibit highly malignant 
behaviour with a predilection for increased local invasiveness and a 
higher likelihood of distant metastasis.6774 

Sarcomatoid components may be seen in clear cell, papillary, 
chromophobe, and collecting duct carcinomas.”°+°7 It is specu- 
lated that the sarcomatoid components of RCC represent areas of 
dedifferentiation or epithelial-mesenchyma transition.2>°774 

Jones et al?! examined the patterns of allelic loss and of non- 
random X-chromosome inactivation in clear cell and sarcomatoid 
components of RCC from 22 patients and concluded that both 
clear cell and sarcomatoid components of RCC are derived from 
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the same progenitor cell.?! The specific molecular mechanisms 
responsible for sarcomatoid transformation of a renal tumour are 
unknown, although some studies suggest a link with mutations of 
the TP53 tumour suppressor gene.°467,71,91111 

RCC with rhabdoid differentiation is a rare and aggressive neo- 
plasm with poor prognosis. Most patients are at high stage at diag- 
nosis, develop metastases soon after, and died of the disease withing 
a year of diagnosis.!!?-!!4 Rhabdoid cells are large with eccentric 
atypical nucleus and eosinophilic intracytoplasmic inclusion that 
is positive for vimentin, EMA, and cytokeratin. Ocassionally sarco- 
matoid change and rhabdoid features may coexist. 


Renal cell carcinoma, unclassified 


This represents 4-6% of renal tumours. At diagnosis, most are of 
high grade and stage with poor survival.%109111 The WHO criteria 
include: (i) composites of recognized types; (ii) pure sarcomatoid 
morphology; (iii) mucin production; (iv) rare mixtures of epithe- 
lial and stromal elements; and (v) unrecognizable cell types.?!!5 
Reported data suggest that it is an aggressive form of RCC (Table 
6.28.1), as confirmed in a recent study based on 56 cases. The 
prognosis of these patients is mainly related to pT stage, tumour 
size, microvascular invasion, tumour necrosis, or recurrence after 
surgery.4>115 


Renal cell neoplasms in end-stage renal 
disease 


The spectrum of renal tumours associated with end-stage renal dis- 
ease is quite varied with examples of clear cell, papillary, or chro- 
mophobe RCC, CDC, tubulocystic carcinoma, angiomyolipoma, 
oncocytoma, and mixed epithelial and stromal tumour. Two new 
histologic subtypes of RCC have been reported to occur in patients 
with end-stage renal disease.347093.94 


Acquired cystic disease-associated renal 
cell carcinoma 


These are composed of cells with abundant eosinophilic cyto- 
plasm and variably solid, cribriform, tubulocystic, and papillary 
architecture.” Tickoo et al.34 analysed the status of the VHL gene 
and chromosomes 7 and 17 with FISH in 43 tumours and found 
no VHL gene deletions, although gains of chromosomes 7 and 17 
were observed in some cases. Cossu-Rocca et al.’° studied three 
additional cases and found”? deposits of calcium oxalate crystals in 
each tumour. FISH analysis showed no losses or gains of chromo- 
somes 1, 2, 6, 10, or 17 in one tumour; gains of chromosomes 1, 2, 
and 6 were noted in two tumours, one of these also showed gains of 
chromosome 10.702394 


Clear cell papillary (tubulopapillary) renal cell 
carcinoma 


These are renal carcinomas composed mainly of papillary struc- 
tures proliferating within cystic spaces, lined by cells with clear 
cytoplasm.?394 Gobbo et al. investigated a group of seven tumours 
from five patients with FISH and immunohistochemistry.** All 
tumours lacked the gains of chromosome 7 and loss of Y that are 
typical for papillary renal cell carcinoma and furthermore lack the 
3p deletion which is typical of clear cell RCC (Table 6.28.3). These 
tumours also occur in patients unrelated to end-stage renal disease. 
It remains poorly defined. 


Recently described entities not included 
in the current WHO classification 
of urologic tumours 


Various studies relating to leiomyomatous (RCC with 
angioleiomyoma-like stroma) RCC,° oncocytic papillary RCC, 
follicular (thyroid-like) RCC,3!!9! succinate dehydrogenase B- 
associated RCC, ALK-translocation RCC, and hybrid oncocytic 
tumours in Birt-Hogg-Dubé syndrome had been reported, the 
overerall opinion is that clinical and histological features are not 
sufficiently understood to permit classification of these as distinct- 
ive tumour histotypes at present.!09-113 


Benign tumours 


Papillary adenoma 


Papillary adenoma is usually solitary, 0.5 cm or smaller, well- 
circumscribed, greyish or white lesion in the renal cortex that 
shows a tubulopapillary architecture similar to cellular types 1 and 
2 in papillary RCC (Fig. 6.28.3).°> Papillary adenoma is the most 
common neoplasm of the epithelium of the renal tubules.°! It is 
found in 10% to 40% of specimens and shows genetic alterations 
similar to papillary RCC but less extensive. “Renal adenomatosis’ 
refers to the occasional occurrence of multiple and/or bilateral pap- 
illary adenomas.°185 


Metanephric tumours: adenoma, adenofibroma, 
and metanephric stromal tumour 


This group includes metanephric adenoma, metanephric adenofi- 
broma, and metanephric stromal tumour.”7? 

Metanephric adenoma is an epithelial neoplasm that occurs in 
children and adults with female preponderance;>!®? half are inci- 
dental. An exceptional case with metastasis has been reported, 
and therefore, appropriated follow-up is adviced.’” May coexist 
with Wilms’ tumour or RCC.’**5 A case of high-grade sarcoma 
arising in association with metanephric adenoma (metanephric 
adenosarcoma) has been described. Metanephric adenomas are 3 
to 6 cm, usually solitary and not encapsulated (Fig. 6.28.3).89121122 
Metanephric adenofibroma shows an epithelial component simi- 
lar to metanephric adenoma which is embedded in a fibroblast-like 
stroma. Metanephric adenoma has a normal karyotype.6061:72,83 
Rare cases of metanephric stromal tumour, entirely composed of 
stromal elements have been described. 120-122 


Renal oncocytoma 


Oncocytoma is a benign renal epithelial neoplasm that derives from 
the intercalated cells.” It is well-circumscribed, non-encapsulated, 
mahogany-brown, or pale yellow with a central stellate scar. The 
‘oncocyte’ has densely granular eosinophilic cytoplasm and round 
and regular nuclei (Fig. 6.28.3). Mitotic activity and necrosis are 
uncommon. Chromosomes 1 and/or 14 loss and alterations of 
mitochondrial DNA are frequent. Oncocytoma comprises 3% to 
9% of all primary renal neoplasms.*° Most are incidental and spor- 
adic but few are symptomatic. 

The eosinophilic variants of chromophobe RCC are difficult to 
distinguish from renal oncocytomas on haematoxylin and eosin 
stained sections.°° The distinction is important, as chromophobe 
renal cell carcinoma is a malignant tumour while oncocytoma is 
benign. Reports of ‘malignant’ or ‘metastatic oncocytomas are 
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Fig. 6.28.3 Histologic features in benign epithelial tumours of the kidney 
including papillary adenoma (A), metanephric adenoma (B), and oncocytoma (C). 


postulated to actually represent misdiagnosed chromophobe renal 
cell carcinomas.®* The Hale’s colloidal iron stain shows a diffuse and 
strong reticular pattern in almost 100% of chromophobe RCC, and 
it is frequently patchy and focal in oncocytoma (Table 6.28.3).?350 
The term oncocytosis (oncocytomatosis) refers to a small subset 
of oncocytic tumours removed surgically because of a dominant 
mass that microscopically has the features of oncocytoma, although 
some may have either chromophobe RCC or hybrid features.*>°° 


Cystic nephroma and mixed epithelial 
and stromal tumours 


Cystic nephroma is a benign mixed epithelial and stromal neo- 
plasm frequently unilateral, encapsulated, solitary, and multilocu- 
lar with no solid areas or necrosis. 164678 

Adult cases present after age of 30 with female predominance. 
Some are associated with pleuropulmonary blastoma.®” Clonal 
analysis supports its neoplastic nature. 1646,78 

Mixed epithelial and stromal tumour of kidney is a rare renal 
neoplasm composed of a mixture of stromal solid areas and epi- 
thelial (mostly cystic) elements previously reported as cystic 
hamartoma of renal pelvis or adult mesoblastic nephroma.*® Some 
stromal cells react with antibodies to oestrogen and progesterone. 
There is a female predominance with history of oestrogen therapy. 
All cases have been seen in adults. Some may experience malignant 
sarcomatous transformation. A recent report suggests that cystic 


nephroma and mixed epithelial and stromal tumours are part of the 
same spectrum of lesions, and therefore, they should be named as 
‘renal epithelial and stromal tumour’!638 


Mesenchymal neoplasms 


Medullary fibroma (renomedullary interstitial 
cell tumour) 


These tumours are frequently multiple and found incidentally at 
autopsy or surgery for another condition. Tumours are unencap- 
sulated, circumscribed, white or grey, and paucicellular, measuring 
0.1-0.5 cm. The cells are small stellate, spindle or polygonal in a 
loose basophilic stroma and seems to originate from prostaglandin- 
producing interstitial cells in renal medulla. Amyloid deposits may 
be present. 1? 


Juxtaglomerular cell tumour 


A benign renin-secreting tumour derived from modified smooth 
muscle cells of the juxtaglomerular apparatus in patients with refrac- 
tory hypertension and high plasma rennin activity. Most tumours 
are <4 cm unilateral, encapsulated, solitary, cortical and occur in 
females (mean age of 27 years).!*4 Histologically, sheets of uniform 
round, polygonal, or spindled cells are present with uniform, round 
to oval nuclei with scattered mitotic figures.134 Thin and thick- 
walled blood vessels are often prominent. Immunoreactivity for 
renin, actin, vimentin, and CD34 is characteristic. Ultrastructurally, 
cells contain rhomboid renin-specific crystals.!34 


Angiomyolipoma 

Angiomyolipoma (AML) is a benign tumour associated with sev- 
eral hereditary disorders including von Recklinghausen disease, 
von Hippel-Lindau syndrome, Autosomal dominant (adult) poly- 
cystic kidney disease or tuberous sclerosis. 

It occurs in 80% of patients with tuberous sclerosis. The mean 
age of patients with ‘sporadic AML ranges 45-55 years but drops to 
25-35 years of age in patients with tuberous sclerosis. AML is 
thought to be derived from perivascular epithelioid cell. AML fre- 
quently exhibits loss of heterozygosity in portions of the TSC2 gene 
locus on chromosome 16p13 (in both sporadic and tuberous scler- 
osis cases), and less often in the TSC1 gene on chromosome 9q34. 
May occur in renal cortex, medulla or in perirenal soft tissues and 
may coexist with other renal neoplasms (RCC, oncocytoma) or 
being associated with lymphangioleiomyomatosis of lung. AML is 
typically unencapsulated, yellow to tan-pink, range from 3 to 20 cm 
and is composed of variable admixtures of mature adipose tissue, 
smooth muscle, and abnormally formed blood vessels. Smooth 
muscle proliferations often appear to spin off perpendicularly from 
the outer layers of blood vessel walls. Smooth muscle cells may be 
spindled with mild degrees of nuclear atypia. Involvement of intra- 
renal veins, renal vein, vena cava, and regional lymph nodes are 
indicative of multifocal growth, rather than invasion or metasta- 
sis. AML is characterized by coexpression of melanocytic markers 
(HMB-45, HMB50, CD63, MART-1/Melan-A, microphthalmia 
transcription factor) (Fig. 6.28.4) and smooth muscle markers 
(muscle-specific actin, smoothmuscle actin, desmin) (Table 6.28.3). 


Epithelioid angiomyolipoma 
A potentially malignant mesenchymal neoplasm closely related 
to classic AML. Half of recorded cases have a history of tuberous 
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Fig. 6.28.4 Histologic features of angiomyolipoma including mature adipose tissue, smooth muscle, and blood vessels (A), and immunorreactivity for HMB-45 in a case 
of epithelioid angiomyolipoma (B). Gross features (C) and classic triphasic histology (blastema, epithelium, stroma) (D) in Wilms’ tumour. 


sclerosis.” Tumours exhibit allelic loss of the TS2-containing 
region. Most are large, haemorrhagic, and locally infiltrative with 
sheets of cytologically malignant epithelioid cells, and is easy to 
misdiagnose as high-grade carcinoma.” The immunohistochemi- 
cal profile is similar to that of classic AML. Some patients sufered 
metastasis and/or death. 


Wilms’ tumour and other renal neoplasms 
in children 


Nephrogenic rests and nephroblastomatosis 


Nephrogenic rests are abnormally persistent foci of embryonal cells 
identifiable in 1% of post-mortem kidneys in infants and consid- 
ered capable of developing into nephroblastoma. May be present 
in 25-40% of kidneys harbouring nephroblastoma.!?3-!?8 If dif- 
fuse and multifocal, the term ‘nephroblastomatosis’ is applicable. 
Nephrogenic rests are subclassified into perilobar (more common 
and multifocal) and intralobar (unifocal) types. The later is at 
higher risk of development of nephroblastoma. 123-128 


Nephroblastoma (Wilms’ tumour) 


Usually occurs between six months and three years of age; rare after 
three years of age. It comprises 85% of paediatric renal neoplasms 
and 5% of childhood cancers.!#3-133 


Five per cent (5%) are multicentric, 5% are bilateral, and 5% are 
anaplastic. Lung metastasis is common and is frequently associ- 
ated with cryptorchidism, hypospadias, hemihypertrophy, aniridia, 
renal ectopia, and horseshoe kidney. Known risk factors include 
Beckwith-Wiedemann (hemihypertrophy) associated with the 
WT2 gene, Wilms-aniridia-genital anomaly-retardation syn- 
drome: associated with the WT1 gene, Denys—-Drash syndrome 
(glomerulonephritis, pseudohermaphroditism, and nephroblas- 
toma) associated with the WT1 gene, Trisomy 18, and multicystic 
dysplastic kidney.!?3-133 Putative tumour suppressor genes are 
WT1 (chromosome 11p13), WT2 (chromosome 11p15.5), and 
WT3 (chromosome 16q). 

Most are circumscribed large tumours (>5 cm) (Fig. 6.28.4) that 
may be cystic or multicentric. Typical histology is triphasic tumour 
including blastema, epithelial component (abortive tubules and 
glomeruli) and stroma (skeletal muscle (most common), spindle 
cells, or cartilage). Positive WT1, vimentin, neuron-specific enolase 
(focal), (focal), and desmin (focal) is the diagnostic signature. 123-133 

Anaplasia is one of the criteria for placing Wilms’ tumour under 
unfavourable histology category!*>-!33—the other is the develop- 
ment of a high-grade sarcoma or carcinoma within nephroblas- 
toma. Anaplasia indicates increased resistance to therapy rather 
than increased aggressiveness. Definiton of anaplasia incude 
multipolar polyploid mitotic figures and each component of the 
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Table 6.28.4 Staging nephroblastoma (fifth protocol, National Wilms’ 
Tumor Study Group) 


Stage I Limited to kidney and completely resected. Renal capsule is 


intact. Renal sinus soft tissue may be minimally infiltrated 


Stage Il Tumour infiltrates beyond kidney, but is completely resected. 
Tumour extends beyond renal capsule. Tumour infiltrates vessels 
within the renal sinus. Tumour with prior open or large core 


needle biopsies. Tumour with local spillage confined to flank 


Stage Ill Residual non-hematogenous tumour confined to abdomen. 
Tumour in abdominal lymph nodes. Diffuse peritoneal 
contamination: direct tumour growth, tumour implants, and 
spillage into peritoneum before or during surgery. Gross or 
microscopic involvement of specimen margins. Residual tumour 
in abdomen. Tumour removed noncontiguously (piece-meal 


resection) 


Stage IV Haematogenous metastases 


Stage V Bilateral renal involvement at diagnosis (tumour in each kidney 


should be separately substaged) 


Reproduced from Springer, Rare Tumors and Tumor-like Conditions in Urological Pathology, 
‘Renal Tumors and Tumor-Like Conditions, 2015, pp. 1-61, Antonio Lopez-Beltran et al, 
Springer International Publishing, Copyright © 2015 Springer International Publishing 
Switzerland. With permission of Springer Science+Business Media. 


abnormal metaphase must be as large as or larger than a normal 
metaphase, markedly enlarged and hyperchromatic nuclei (at least 
three times larger than adjacent non-neoplastic nuclei). Anaplasia 
is confined to renal parenchyma.!?3-133 Table 6.28.4 shows current 
staging. 

Main differential diagnosis includes clear cell sarcoma, rhabdoid 
tumour, neuroblastoma, synovial sarcoma, and primitive neuroec- 
todermal tumour (PNET) of the kidney. 133 


Cystic partially differentiated nephroblastoma 


Most are detected as palpable masses in children <4 years old 
with benign clinical course.!?3-133 Usually are 5-10 cm in diam- 
eter with fibrous pseudocapsule. Tumour is entirely composed of 
variably sized cysts, some of those may have papillary excrescences. 
Cysts are separated by septa of variable thickness and lined by flat, 
cuboidal, or hobnail epithelium. Septa contain blastema, nephro- 
blastomatous epithelial elements, and differentiated and/or undif- 
ferentiated mesenchymal elements (skeletal muscle, cartilage, fat, 
or myxoid mesenchyme). Solid expansile nodules warrant a diag- 
nosis of cystic nephroblastoma. If no nephroblastomatous elements 
are seen in the fibrous septa, some apply the diagnostic term ‘cystic 
nephroma !32; however, these lesions are viewed as being different 
from similar lesions in in adults. 


Congenital mesoblastic nephroma 


Most common congenital renal neoplasm and 90% of patients are 
<1-year-old. It accounts for 2% of all paediatric renal tumours and 
presents as a palpable mass.!#3-!33 Metastasis and tumour-related 
death is rare; recurrences are attributable to incomplete initial resec- 
tion. Two morphologic patterns: ‘classic congenital mesoblastic 
nephroma and ‘cellular congenital mesoblastic nephroma (trans- 
location t)’!2:15 which confirms that it is an infantile fibrosarcoma 
of the kidney. Classic congenital mesoblastic nephroma (CMN) is 
viewed as infantile fibromatosis (no translocation identified). 


Usually are unilateral (mean diameter is 6 cm), solitary tumours 
that may have cysts, haemorrhage, and necrosis. The classic form 
shows intersecting bundles of spindle cells resembling fibroblasts 
and prominent irregular vascular spaces.!73-153 Cellular form shows 
plump spindle cells, arranged in poorly formed fascicles. Mitotic 
figures are present. Mixed congenital mesoblastic nephroma shows 
features of both types. On immunohistochemistry, positive vimen- 
tin, actin, desmin (rare), and negative CD34, cytokeratins, and 
S100 protein are the signature. 123-133 


Clear cell sarcoma of the kidney 


This accounts for about 3% of all malignant paediatric renal neo- 
plasms, it is twice as common in males ranging from 2 months to 
54 years).!23-133 Tt is typically large (mean diameter 11 cm), has 
propensity for bone metastasis, unilateral, unicentric, soft to firm, 
homogeneous, light brown or grey and encapsulated; 5% involve 
the renal vein. 

The classic pattern includes epithelioid or spindled cells 
arranged in nests or cords separated by fibrovascular septa of 
variable thickness. Cells are separated by myxoid extracellu- 
lar matrix material that mimics clear cytoplasm. Cell nuclei are 
round to oval, with dispersed chromatin and inconspicuous, or no 
nucleoli mitotic activity is low. Many pattern variations have been 
described: myxoid, sclerosing, cellular, epithelioid, spindle cell, 
and palisading. Differential diagnosis from nephroblastoma may 
be difficult, likwise, pale H&E staining and negative immunostain- 
ing for all markers except vimentin and BCL2 suggests clear cell 
sacoma, 123-133 


Rhabdoid tumour of the kidney 


Accounts for about 2% of all paediatric renal tumours and 80% 
of patients have metastases at the time of diagnosis.!?3-133 Most 
patients die within one year. Almost all patients are <3 years old. 
Identical tumours involve other sites; especially central nervous 
system.!3! The typical case is unilateral, large, unencapsulated, 
with haemorrhage and necrosis, sometimes with satellite intrarenal 
metastases. Histologically, rhabdoid tumour is composed of sheets 
of monotonous discohesive large cells with vesicular nuclei, prom- 
inent nucleoli, and hyaline eosinophilic cytoplasmic inclusions of 
intermediate filaments. Usually there is extensive vascular inva- 
sion. Rhabdoid tumours in all sites are characterized by mutation 
or deletion of the INI1 tumour suppressor gene on the long arm of 
chromosome 22q11.!31 


Neuroblastoma 


Tumours are unencapsulated, haemorrhagic and poorly circum- 
scribed with tipical organoid arrangement of cells, ‘salt and pepper 
nuclear chromatin, and Homer-Wright rosettes. !2? Cell are usually 
positive for neuron-specific enolase, synaptophysin, $100 protein, 
and chromogranin supportive of neuronal differentiation. 


Primitive neuroectodermal tumour 


Most patients are adolescent or young adults (range 1 month- 
72 years) showing poorly circumscribed tumours composed of 
primitive round cells with varying degrees of rosette formation.!°3 
The nuclei shows coarse nuclear chromatin and nuclei do not over- 
lap. Typically, cells are CD99 and FLI1 positive and WT1 negative. 
Characteristic translocations include especially t (11;22)(q24;q12). 
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Synovial sarcoma 


Large variably cystic tumours (mean diameter 11 cm) composed 
of primitive spindle cells with overlapping ovoid nuclei and scant 
cytoplasm admixed with variably sized cystic spaces that represent 
trapped dilated native renal tubules and ducts. Proliferating cells 
are typically WT1 negative but show t(X;18) translocation.!?° 


Other rare tumours 


Other uncommon tumours seen in the kidney may virtually 
include the whole spectrum of neoplastic diseases. Examples 
are lymphoma (frequently in post-transplant patients), leukaemia, 
plasmacytoma, ossifying renal tumour of infancy, hemangioperi- 
cytoma, leiomyosarcoma, primary osteosarcoma, angiosarcoma, 
leiomyoma, hemangioma, lymphangioma, schwannoma, paragan- 
glioma, solitary fibrous tumour, or germ cell tumours. $? 


Secondary tumours 


Secondary tumours to the kidney usually occur as part of a wide- 
spread dissemination.!!? Renal involvement is frequently bilateral 
and in a multinodular fashion. Primary sources include lung, thy- 
roid, skin (melanoma), contralateral kidney, and gastrointestinal 
tract.97-99-119 

Renal cell carcinoma immunohistochemical markers, such as 
RCC marker and CD10, and urothelial carcinoma markers, such as 
uroplakin and thrombomodulin, can be of some utility when com- 
bined with other specific markers, including thyroid transcription 
factor-1 (lung and thyroid) and melanoma markers (HMB45 and 
Melan-A). (Table 6.28.3) There are some primary tumours from the 
thyroid that very closely mimic primary kidney tumours (i.e. fol- 
licular thyroid-like RCC), a poorly defined primary RCC negative 
with thyroglobulin and thyroid transcription factor 1 (both posi- 
tive in thyroid carcinoma).3}97-°9101 102,19 pA X2 and/or PAX8 are 
considered most useful for the diagnosis of primary renal tumour 
metastasis in other organs.!!° 


Percutaneous biopsy of renal tumours 


Renal tumour biopsy today has limited morbidity and allows histo- 
logic diagnosis in the majority of cases.!0!04117 The increasing 
incidence of small renal masses, the development of conservative 
and minimally invasive treatments for low-risk RCC and benign 
renal tumours, and the discovery of targeted treatments for meta- 
static disease have provided the rationale for indications of per- 
cutaneous renal tumour biopsy. Renal tumour biopsy can avoid 
unnecessary surgeries, can confirm success after thermal ablation 
of small renal mases and support the selection of the appropriate 
systemic therapy for metastatic RCC.1104117 Current diagnos- 
tic yield of biopsies ranges from 78% to 100%, with sensitivity and 
specificity for the diagnosis of 86-100% and 100%, respectively. 
Diagnostic accuracy for tumour subtyping ranges from 86% to 98%. 
An immunohistochemical panel, including parvalbumin, CD10, 
a-methylacyl-coenzyme A racemase, cathepsin K, S100A1, cytokera- 
tin 7, and carbonic anhydrase IX, seems to be the most promising.!!” 


Conclusion 


Pathologists and urologists are aware that RCC it is not a single 
disease and that their molecular and clinical properties define a 


number of pathologic entities whose recognition is important in 
clinical practice. The classification of epithelial tumours of the 
kidney has been expanded in recent years and a modified work- 
ing classification is now in use. In the era of targeted therapy, the 
fact that different histotypes have different outcome and different 
response to therapy represents a major adavance. Introduction of 
modern percutaneous biopsy protocols in clinical practice allows 
quality histologic diagnosis in the majority of cases. This method- 
ology is also suitable for molecular diagnostic purpose and repre- 
sents a changing paradigm in renal cancer. 
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CHAPTER 6.29 


Treatment of localized 
renal cell cancer 
Ashraf Almatar and Michael A.S. Jewett 


Introduction to treatment of localized renal 
cell cancer 


Surgery remains the mainstay of curative treatment for renal cell 
cancer (RCC). Historically, radical nephrectomy (RN) with or 
without adrenalectomy or lymphadenectomy has been the gold 
standard treatment for localized kidney cancer, which we define 
as stage T1-2NOMO.! Laparoscopic radical nephrectomy (LRN) 
and robot-assisted laparoscopic radical nephrectomy (RARN) are 
increasingly being performed because of decreased morbidity and 
comparable survival.?-® 

The incidence of RCC has increased in the last three decades. 
This appears to be mainly related to the increase in the detection 
rate of early stage carcinoma as small renal masses (SRMs), due 
to widespread use of cross-sectional imaging for unrelated condi- 
tions.” RN for these SRMs is now usually considered overtreatment, 
as we increasingly understand the long-term deleterious impact of 
nephrectomy on renal function, the correlation with chronic kid- 
ney disease (CKD), and increased risk of morbid cardiac events and 
death, plus the equivalent therapeutic efficacy of partial nephrec- 
tomy (PN).®° As a result, surgical options for localized RCC have 
expanded in the last two decades to include nephron-sparing par- 
tial nephrectomy (with open or laparoscopic/robotic approaches) 
or probe ablation by cryotherapy or radiofrequency ablation 
(RFA).!° Active surveillance (AS) with delayed treatment for pro- 
gression has become a reasonable option, especially in the elderly 
with co-morbidities and shorter life expectancy where the risk 
from intervention outweighs the risk of dying from the cancer. 1112 

In the personalized medicine era, the goal of treatment for local- 
ized RCC is to individualize the treatment plan after histologically 
and morphologically characterizing the tumour, assessing renal 
function, and considering the patients age and co-morbidity. This 
should be done while maintaining the very high rate of cancer con- 
trol that we have achieved in the past with nephrectomy and by 
using as minimally invasive technology as possible.!3 


Diagnosis and staging 

More than 50% of RCCs are discovered incidentally by imaging 
for unrelated indications and these tumours are more likely to be 
localized to the kidney.!+!° The goal of diagnosis and staging of 
a new RCC is to plan optimal treatment, which begins with tak- 
ing a history, conducting a physical examination, and performing 
selected laboratory tests. Symptomatic presentation could be due to 


local tumour effects including pain, bleeding, venous involvement 
and paraneoplastic syndromes, or metastasis.!© Paraneoplastic syn- 
dromes are found in 20% of all patients with RCC and include: ele- 
vated erythrocyte sedimentation rate, hypertension, anaemia, 
cachexia and weight loss, pyrexia, abnormal liver function, hyper- 
calcaemia, polycythaemia, neuromyopathy, and amyloidosis.!” The 
classical triad of flank pain, haematuria, and abdominal mass is 
now found in only 10% of RCC patients and virtually never in early 
stage disease.!8 The triad is of historical interest only in the devel- 
oped world with early diagnosis. Flank pain is caused by intrarenal 
haemorrhage, tumour invasion of surrounding structures, or the 
collecting system with haematuria and blood clots causing obstruc- 
tion.!° Palpable lymph nodes (especially cervical) suggest lymph- 
atic involvement and the presence of constitutional symptoms 
suggests advanced disease, as do varicocele or lower limb oedema 
with venous involvement. Persistent cough and bone pain may 
result from metastases. 16 

Standard imaging includes a chest X-ray or computed tomog- 
raphy (CT), and a contrast study of the abdomen and pelvis. The 
most commonly used is tri-phasic computerized tomography.!° CT 
scanning is a familiar imaging modality for urologists and will pro- 
vide information about tumour size, location, renal vessels, anom- 
alous vessels, possible adjacent tissue involvement, venous and 
lymph node involvement, the condition of both adrenal glands, and 
metastasis to other organs.!° A solid mass or a tumour containing 
a complex renal cyst (Bosniak 3 or 4) that is an RCC enhances by 
more than 15 Hounsfield units (HU). The presence and function 
of the other kidney should also be assessed and recorded. MRI, 
pre- and post-gadolinium, is usually reserved for patients with sus- 
pected venous involvement, those who are allergic to iodine con- 
trast, and those with renal insufficiency. A bone scan should be 
done in patients with skeletal symptoms or elevated alkaline phos- 
phatase. Brain imaging for central nervous system (CNS) symp- 
toms and a CT scan of the chest when the chest X-ray is abnormal, 
are indicated.!® While positron emission tomography (PET) scans 
are not usually of use for staging RCC, they can discriminate the 
biology of lung lesions. 


Renal tumour biopsy 


Renal needle core tumour biopsy is indicated if there is any suspi- 
cion that a renal mass is a metastasis, lymphoma, abscess, or when 
there is a need to establish a pathological diagnosis in patients who 
are candidates for systemic therapy with disseminated disease or 
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when the tumour is unresectable.!9 The role for biopsy in suspected 
early stage RCC is more controversial, but is being increasingly used 
when the result will change management. With an expanding range 
of management options, biopsy is increasingly used to investigate 
enhancing SRMs <3-4 cm in axial diameter before recommending 
surgery or thermal ablation therapy (with cryotherapy or radiof- 
requency (RFA)). Initial AS may be indicated, especially in some 
tumour types, and the follow-up strategy may change if the biopsy 
is benign.!320 Twenty to thirty per cent (20-30%) of SRMs (<4 cm) 
are benign and immediate intervention may be avoided. The accur- 
acy and safety of renal tumour biopsy has improved with experi- 
ence, and the diagnostic rate is well over 90%, especially if a repeat 
biopsy is done following a non-diagnostic first biopsy.?!? Serious 
complications occur in less than 2% of biopsies, and tumour spill- 
age or seeding is extremely rare. We now know that there is hetero- 
geneity in the biological aggressiveness of Tla tumours and biopsy 
may aid the informed decision-making process to select appro- 
priate treatment.?*?> However, the American Society of Clinical 
Oncology (ASCO) clinical practice guidelines in the management 
of small renal masses recently recommended that all patients with 
SRMs should be considered for a renal biopsy if the results may 
alter the management.”4 


Surgical anatomy of the kidney 


The retroperitoneal kidneys have an adherent parenchymal cap- 
sule, which is surrounded by perinephric fat within the per- 
inephric or Gerota’s fascia, which in turn is covered by paranephric 
fat. Anatomic knowledge of the structures adjacent to the kidneys 
is important to avoid injury to these structures. Posteriorly, there 
are the psoas and quadratus lumborum muscles and the eleventh 
and twelfth ribs (Fig. 6.29.1) for anterior relations. The renal arter- 
ies originate from the lateral side of the aorta, just inferior of the 
superior mesenteric artery. The renal veins lie anterior to the renal 
arteries. The right renal artery origins below the left renal vein 
and posterior to the inferior vena cava. The renal arteries divide 
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Fig. 6.29.1 Anterior relations to the kidneys. 


into two main branches, posterior and anterior, and the anterior 
branch in turn usually divides into four segmental arteries (Fig. 
6.29.2). The kidney can be considered to have four segments 
(superior, anterior, posterior, and inferior) that are supplied by the 
segmental arteries (which are end arteries). Ligation or injury of a 
segmental artery will devitalize parenchymal tissue. Venous tribu- 
taries correspond to the renal segmental arteries and drain into 
a single renal vein that in turn drains into the inferior vena cava 
(IVC). The left renal vein is longer than the right and passes anter- 
ior to the aorta. The left renal vein receives the gonadal, adrenal, 
and lumbar veins, while the right vein does not usually receive any 
vein. There is a rich network anastomosis between the segmental 
tributaries, so that if a tributary is ligated or injured, it will not 
affect the drainage of that segment. Multiple renal arteries are a 
common vascular anomalous variation that occur in one-third of 
patients and this can have surgical implications.?>-*” Preoperative 
image review is imperative. 


Radical nephrectomy 


The basic principles of RN for RCC include the sequential ligation 
of the renal artery and then vein, removal of the kidney within 
an intact perinephric (Gerota’s) fascia with the ipsilateral adrenal 
gland, and lymph node dissection from the crus of the diaphragm 
to the aortic bifurcation.! Routine removal of the ipsilateral adrenal 
gland is no longer standard with localized RCC if preoperative 
imaging does not show involvement. The procedure can be done 
open, laparoscopically, or with robotic assistance. 


Indications 


RN is indicated for T1 tumours not amenable to PN (see indications 
of PN) and is the standard of care for localized >T2 disease. !328-30 


Role of lymphadenectomy in localized RCC 


The role of lymph node dissection (LND) with RN for RCC was 
originally codified by Charles Robson and included the ipsilateral 
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Fig. 6.29.2 Relationship of the kidneys to great vessels. 
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paracaval or para-aortic nodes from the crus of the diaphragm to 
the aortic bifurcation.! The therapeutic benefit of LND in localized 
RCC was studied in a recent European Organization for Research 
and Treatment of Cancer (EORTC) multicentre prospective rand- 
omized trial of LND in localized RCC.*! While there are limitations 
of this trial, it did not show any benefit in overall survival (OS) or 
progression-free survival with LND.?®31-34 In the absence of high- 
level evidence, the US National Comprehensive Cancer Network 
(NCCN) and European Association of Urology (EAU) guidelines 
recommended LND for palpable or radiologically enlarged nodes 
for staging purposes, but acknowledge that this has uncertain 
therapeutic benefit.2°32-34 


Role of ipsilateral adrenalectomy in localized RCC 


The classical RN as described by Robson includes ipsilateral adre- 
nalectomy.! However, the incidence of adrenal involvement in local- 
ized RCC is <10% and can frequently be predicted on imaging.*> 
Therefore, unless the tumour is in the upper pole, >T2 (27 cm in 
size), or the adrenal gland is involved by the tumour on imaging, 
adrenalectomy is no longer routinely performed.?7°3436 


Role of preoperative renal artery embolization 


There is no evidence of any survival benefit from preoperative renal 
artery embolization in managing localized RCC.237 It remains 
controversial in advanced tumours where it may be more useful 
for technical reasons. It may benefit dissection by creating tissue 
oedema, may reduce blood loss during mobilization of the kidney; 
allow early ligation of the renal vein prior to the artery for tumours 
that are larger, hilar, or extend medially; or in the presence of sig- 
nificant lymph node enlargement, which may make it difficult to 
locate the renal artery initially. Pre-embolization may also help to 
shrink arterialized thrombus to facilitate thrombectomy.!%38 The 
procedure is generally safe. The most common complication is 


postinfarction syndrome characterized by nausea, vomiting, fever, 
and flank pain.*? 


Surgical approaches 


Open radical nephrectomy 

The choice of surgical incision is determined by surgeon prefer- 
ence, tumour location and size, body habitus, prior surgical history, 
and the planned extent of lymphadenectomy. The aims are to have 
comfortable exposure, decreased risk of injury to other structures, 
and to minimize the risk of complications. Three types of incisions 
are commonly employed: anterior abdominal midline or subcos- 
tal, flank, and thoracoabdominal. The approach is usually trans- 
peritoneal for large tumours to facilitate early ligation of the vessels 
before kidney mobilization—although the disadvantages of this 
approaches include bowel manipulation with potential ileus, later 
adhesions, and possible bowel obstruction. A thoracoabdominal 
incision is not usually employed for early stage tumours and has 
the added potential morbidity associated with opening the pleura 
but can be useful for larger, especially upper pole masses. It may 
be more useful for right-sided tumours where the IVC and hepatic 
veins need to be controlled. A flank extraperitoneal incision is com- 
monly used with an eleventh supracostal approach. Supracostal 
incisions are less morbid than transcostal, which requires rib resec- 
tion. The advantage of the flank incision is that the approach is 
extraperitoneal and extrapleural, but it has a risk of chronic flank 
pain with wound bulge and it is not a good option in patients with 
severe scoliosis or severe pulmonary co-morbidities.?>° Since the 
supracostal flank incision is commonly used, we will describe this 
approach in more detail. A subcostal incision is usually too low. 


Supracostal flank incision 


After induction of anaesthesia sustained with endotracheal intub- 
ation and with a urethral catheter connected to a urine bag, the 
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patient is placed in the lateral position with the tip of the twelfth 
rib over the point of table flexion with the kidney lift. The depend- 
ent leg is flexed at the knee and hip with the upper leg kept straight. 
A pillow is placed between the knees. Other pressure points are pad- 
ded. The kidney lift is elevated until the flank muscles become tense 
and the table is adjusted to bring the flank into a horizontal orien- 
tation. The patient is secured to the table with wide adhesive tapes 
or another device. After skin preparation and draping, the incision 
over the eleventh rib can be made as long as from the posterior 
axillary line and extended medially to the rectus sheath, although 
a much reduced incision is usually made centred on the rib tip. The 
incision is carried down through the subcutaneous tissue to expose 
the latissimus dorsi and serratus posterior inferior muscles, which in 
turn are incised to expose the intercostal muscles. The external and 
internal oblique muscles are incised anteriorly to expose the trans- 
verse abdominal muscle. The retroperitoneum is entered by incising 
the lumbodorsal fascia at the tip of the rib. With the index finger, 
the peritoneum is swept medially and inferiorly and the transverse 
abdominal muscle is incised or split medially. Inadvertent opening 
of the peritoneum can be closed primarily. The intercostal muscle 
is cut along the upper margin of the rib while displacing the extra- 
pleural facia and pleura with the diaphragmatic leaves. The dia- 
phragm is identified and divided close to its origin to displace the 
pleura superiorly. If the pleura is opened inadvertently, it can be 
closed primarily, aspirating air and any pooled blood. 

The Robson principle of RN is early, individual ligation of the 
renal artery and vein by dissecting the hilum and isolating them 
separately. The renal artery is posterior to the vein. The artery is 
doubly ligated or clipped and divided, followed by the vein. The 
kidney is mobilized outside Gerota’s fascia with sharp and blunt 
dissection. The ureter is identified and ligated or clipped as distal 
as possible. A metallic clip is useful for localization in the future if 
needed. Indications for removal of the adrenal gland and for lym- 
phadenectomy have been discussed. An abdominal drain is not 
necessary and a chest tube is usually unnecessary even if the pleura 
is opened, unless there is concern about inadequate closure or pul- 
monary disease. A chest X-ray is indicated immediately postopera- 
tively if there is a concern. The wound is closed in layers with the 
surgical table partially deflexed.25° 


Laparoscopic/robotic radical nephrectomy 

The first laparoscopic nephrectomy was performed by Clayman and 
colleagues in 1991.4 Since then, this procedure has been adopted 
and performed widely. It is now indicated for T1 and many T2 
tumours.*!#? It is generally contraindicated in locally advanced dis- 
ease or with tumour involvement of the inferior vena cava. Multiple 
studies have shown the feasibility of laparoscopic nephrectomy 
despite renal vein involvement, significant prior surgeries, and 
even in morbidly obese patients in experienced hands.!®4? It has 
gained popularity because of the similar oncological outcomes and 
shorter convalescence than the open approach. Four approaches 
can be used: transperitoneal, retroperitoneal, hand-assisted, and 
robotically assisted.? There is no significant difference in efficacy 
and safety between the transperitoneal and the retroperitoneal 
approach.*445 The robotic approach appears to have similar onco- 
logical and operative outcomes as laparoscopic surgery, but with 
higher cost and longer operative time, at least initially.4 The tech- 
nique is well described and it follows the same principles of open 
radical nephrectomy.*¢ 


Results 


The risk of postoperative recurrence increases with clinical and 
pathological tumour stage.!647-4 Overall, reported recurrence 
with metastasis after RN is 24% and is stage dependent (pT1 7%, 
pT2 27%, and pT3 39%). Local recurrence in the renal fossa, ipsi- 
lateral adrenal gland, or ipsilateral retroperitoneal lymph node 
appears to be rare and is detected in 2-4% of cases.!6 Forty per cent 
(40%) of local recurrence are isolated, while 60% are associated 
with distant metastasis.!°4 The most common site of metastasis 
is the lung followed in decreasing order by bone, liver, and brain.*® 
Most but not all relapses are detected within the first three years 
after surgery and some may occur years later.*® The risk is increased 
with unfavourable pathology such as collecting duct, medullary, or 
sarcomatoid variant tumours. The finding of positive lymph nodes 
also increase the risk. There appears to be no difference in recur- 
rence rates between open and laparoscopic radical nephrectomy.>” 


Partial nephrectomy 


Czerny was the first to describe PN for malignant kidney disease 
in 1890.5 Revived in the 1990s, it has become the standard treat- 
ment for small, localized RCC. The widespread use of imaging with 
the increased incidence of SRMs, experience with renal vascular 
surgery, improvement in the strategies to prevent renal ischaemic 
injury, and outcomes for imperative PN with solitary kidneys and 
multiple tumours have led to the adoption in PN where feasible 
despite a normal contralateral kidney.!© PN is defined as removal 
of the kidney tumour while preserving as much normal paren- 
chyma as possible. Decreased risk of CKD, and overtreatment of 
benign kidney tumours by radical nephrectomy are the advantages 
of PN.16 


Indications 


Traditionally, indications of PN are divided into three catego- 
ries: imperative or absolute, relative, and elective.*! Indications that 
are imperative include a tumour in a solitary kidney or bilateral 
renal tumours; relative include tumours with an impaired contra- 
lateral kidney or with conditions that may cause CKD in the future 
such as diabetes mellitus, hypertension, glomerulopathy, obstruc- 
tion, stone disease, and chronic pyelonephritis*!; or elective for a 
tumour with two anatomically and functionally normal kidneys. 
Generally Tla tumours (<4 cm in diameter) are managed by PN 
but there is increasing experience with T1b and even T2 tumours.”8 
It is generally believed that oncological outcomes with PN and 
RN for T1 tumours are equivalent, although the report from the 
EORTC randomized trial controversially raised some questions 
about the validity of this opinion.1378.2952,53-58 


Surgical approaches 


Open partial nephrectomy 
The supra eleventh rib extrapleural, extraperitoneal flank incision 
is commonly used for this procedure, which provides good expos- 
ure. A thoracoabdominal incision can be used, especially for large 
upper pole tumours.”° Some surgeons use a transabdominal mid- 
line approach. The preparation, position, and skin incision is the 
same as of the RN described earlier. 

The basic principles of PN are full mobilization of the kidney, 
early vascular control, tumour excision with negative margins, 
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(B) 


(C) 


Fig. 6.29.3 Main principles of partial nephrectomy. (A) Early vascular control, tumour excision with negative margins; (B and C) renorrhaphy with ligation of the 
bleeding vessels and closure of the collecting system and then approximation of the capsule. 
Reprinted from Alan J. Wein et al, Campbell-Walsh Urology, Tenth Edition, Saunders an imprint of Elsevier Inc, Copyright © 2012, by permission of Elsevier. 


minimization of ischaemic injury, and repair of the renal defect or 
renorrhaphy (Fig. 6.29.3).75 

After entering the retroperitoneum, the kidney is mobilized 
within Gerota’s fascia attempting to leave the perinephric fat over- 
lying the tumour intact, as up to 25% of localized RCC extend into 
the fat.!6 The vessels in the renal pedicle are then dissected free to 
prepare for vascular control. Vessel loops can be used. The ureter 
is identified and can also be encircled with a vessel loop. The renal 
artery or the branch supplying the tumour is then clamped; the renal 
vein and/the whole hilum are usually clamped as well. Decreased 
intraoperative blood loss, better visualization, and reduction in 
kidney tissue turgor are the main advantages of clamping the renal 
artery. In situ hypothermia, administration of intravenous manni- 
tol 5-10 min prior to arterial clamping, and maintaining patency 
of the renal vein appear to minimize renal ischaemic injury.?>°? 
Inducing hypothermia is difficult with the laparoscopic approach 
but with open PN, it is achieved with ice slush around the entire 
kidney for 10 minutes immediately after the artery occlusion and 
before starting the excision of the tumour. The objective is to keep 
the core temperature of the kidney at 20°C. Maintaining a low tem- 
perature permits up to three hours ischaemia time without per- 
manent injury to the kidney.” Keeping the vein patent not only 
minimizes ischaemia, but it also permits identification of venous 
bleeding during tumour excision. The evidence for these manoeu- 
vres is not strong but is being studied (please refer to the clinical 
trials.gov website for the ongoing Ottawa trial on hypothermia). 
Intraoperative ultrasonography may be useful to delineate tumours 
not visible or palpable on the surface of the kidney. The tumour 
is excised using sharp and blunt dissection to achieve a negative 
surgical margin while preserving as much as parenchyma as pos- 
sible. Many techniques are described to remove the tumour includ- 
ing enucleation, wedge resection, polar segmental nephrectomy, 
transverse resection, and extracorporeal PN with autotransplant- 
ation. The renal capsule should be excised with the tumour. Arterial 
and venous branches identified during the resection and that are 
bleeding should be ligated or clipped. After tumour excision, any 


bleeding source should be ligated with small 4-0 figure of eight 
absorbable ligatures to secure haemostasis. At least 20% of the renal 
tissue is required for a functioning kidney without the need for dia- 
lysis.!651 A ureteral stent could be inserted prior to the procedure if 
collecting system entry is anticipated. Collecting system defects can 
be better identified with the aid of methylene blue instilled through 
a ureteral catheter. The collecting system is then closed with 4-0 
monocryl suture. A haemostatic bolster of rolled Surgicel® is then 
applied at the defect and a haemostatic can be added to the bol- 
ster. The renorrhaphy is performed by mattress suturing the cor- 
tical edges with 2-0 or 3-0 interrupted sutures over the bolster. The 
sutures should be free of tension. The renal artery or hilum is then 
unclamped. A retroperitoneal drain is usually left in place and dou- 
ble J stent can be inserted when there is a major reconstruction of 
the collecting system.?>5161 


Laparoscopic/robotic partial nephrectomy 

Open partial nephrectomy (OPN) remains the standard treatment 
for SRMs and RN should not be done when PN is feasible. Patient 
and physician preference for decreased morbidity with minimal 
invasive surgery led to the dissemination of laparoscopic tech- 
niques and laparoscopic partial nephrectomy (LPN) replaced the 
open approach in experienced laparoscopic centres. Winfield was 
the first to report this procedure in 1993.3? It has the advantage 
of decreased operative time (with surgeon experience), decreased 
blood loss, and shorter hospital stay with the same oncological 
and renal functional outcomes.®® The indications are the same 
as OPN.® The same principles of OPN are followed. It can be 
done through a transperitoneal or extraperitoneal approach. The 
transperitoneal approach has longer warm ischaemia time, longer 
operative time, and longer hospital stay, but the perioperative com- 
plications and analgesia requirements remain the same between the 
two approaches. The transperitoneal approach has the advantage 
of a bigger working space, familiarity with anatomic landmarks, 
and technical ease of suturing. The choice of approach depends on 
the surgeon’s experience and the location of the tumour. 
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Robot-assisted laparoscopic partial nephrectomy (RALPN) is 
safe and has similar oncological and morbidity outcomes with a 
primary benefit of easy intracorporeal suturing.©> The advantage 
of 3D visualization that replicates the open experience makes the 
procedure more comfortable for most surgeons. The additional cost 
of these procedures is a significant issue, but RALPN appears to be 
replacing LPN when a robot is available. 


Results 


Local recurrence after PN is seen in up to 10% of cases, but is as 
low as 1-3% for Tla tumours.7829505! Recurrence can be due to 
incomplete resection or a new primary. Disease specific survival 
is >90%, which is comparable to RN.?8516768 The rate of recur- 
rence or metastasis is stage dependent. In pT1, the rate of local 
recurrence and metastasis are 0% and 4.4%, respectively, 2% and 
5.3% in pT2, 8.2%, 11.5% in pT3a, and 10.6% and 15% in pT3b.*? 
Approximately 80% of recurrence is detected in the first three 
years. The prevalence of positive surgical margin after partial 
nephrectomy is 0-7% with no difference in open, laparoscopic, or 
robotic approach. There is no difference in metastasis and cancer- 
specific survival in comparison to patients who have had negative 
surgical margins.6?70 


Complications of open surgery 


The proximity of the kidneys to major vessels and vital visceral 
structures may result in damage to these structures with complica- 
tions. Understanding the anatomy of the kidneys and their relation 
to the nearby structures is essential. 

The overall complication rates for RN and PN are approxi- 
mately16% and 19%, respectively, with a mortality rate of 0.3% 
mainly due to myocardial infarction and pulmonary embolism.7! 
There is no difference in the overall complication rates between 
open and laparoscopic RN, but the vascular complications are more 
common with the laparoscopic group. LPN has higher complica- 
tion rates than OPN; especially bleeding and reoperation rate of 
urological procedures. It is associated with longer ischaemic time, 
but this did not reflect on the renal function since the functional 
outcomes are the same in the two groups.°? RAPN appears to have 
lower complication rates.°° 


Intraoperative complications 


Vascular injury 

This occurs in about 10.7% and the rate of significant bleeding 
(>1 L blood loss) is 1.2% with RN and 3.1% with PN.72 To decrease 
the risk of bleeding, anticoagulants should be stopped before surgery 
and the anatomy of the renal vasculature should be carefully defined 
on the preoperative imaging. Predictable sites for bleeding include 
the renal hilum, collateral tumour vessels, the anterior or lateral IVC, 
lumber veins, and the right adrenal vein. Vascular injury can be con- 
trolled with standard vascular repair techniques. Control of a lumbar 
vein injury may be complicated by the end retracting towards the 
spine. A small Allis clamp may be useful to gain control.?° The super- 
ior mesenteric artery can be mistaken for the left renal artery when 
large left tumours are approached and ligated in error. 


Injury to the pleura 


This is reported to occur in 9.3% of RNs and 11.5% of PNs.” 
Incision at or above the eleventh rib carries a greater risk.7° If a 


pleural tear is recognized intraoperatively, the defect closure is 
begun and then a red rubber catheter is inserted into the defect, 
before hyperinflating the lungs. With this manoeuvre, the air and 
fluid are drained out the catheter and the defect can be closed with 
the preplaced purse-string suture. A chest X-ray should be per- 
formed in the recovery room to rule out pneumothorax. A chest 
tube is inserted if there is 15-20% pneumothorax or in case of ten- 
sion pneumothorax.?° 


Injury to colon, small intestine, duodenum, spleen, 

liver, and pancreas 

These complications can be associated with both transperitoneal 
and retroperitoneal approaches. The biggest risk is to the duode- 
num during right renal surgery. Awareness and immediate repair 
are critical. Injury to or limited resection of the liver may occur 
during right RN. Superficial laceration can be managed with elec- 
trocoagulation on ‘spray’ setting or argon beam laser, or with 
application of one of the haemostatic materials to the defect. The 
spleen and pancreas can be injured during the attempt to divide the 
splenorenal ligament during left RN and by excessive mobilization 
or traction during exposure. Splenectomy and/or pancreatic resec- 
tion may be necessary.?>.76 


Postoperative complications 


Pulmonary 

Pneumothorax after a pleural incision or lung parenchymal injury 
can occur when the chest is opened and a chest tube is not left 
in place. A chest tube should be inserted postoperatively if there 
is >15-20% pneumothorax, or if there is tension and a chest 
X-ray should be done immediately postoperatively if the pleura is 
opened intraoperatively. There is an increased risk of atelectasis 
and pneumonia after surgery in the flank position. Fever in the 
first postoperative day is the hallmark of atelectasis. It should be 
managed appropriately. Diaphragmatic palsy is a rare occurrence 
after extended thoracoabdominal approach or with diaphragmatic 
resection. 


Intrabdominal 

Prolonged ileus and intestinal obstruction can occur after a trans- 
peritoneal approach with bowel manipulation. Pancreatitis, pan- 
creatic pseudocyst, or abscess formation is rare but can occur if 
pancreatic injury was not recognized and managed during the 
procedure. Pancreatitis can present with persistent abdominal pain 
and prolonged ileus, but can be managed conservatively. Drainage 
is rarely necessary.*> 


Renal 

Chronic kidney disease is a significant risk after RN or PN due 
to loss of nephrons. About half of RN patients, despite normal 
preoperative renal function, develop new onset CKD and this is 
reduced by 50% to one-quarter after PN.®”4 The renal injury with 
PN may also be attributed to the ischaemic injury from vascular 
clamping. In solitary kidneys where the creatinine level reflects the 
function of the operated kidney, risk factors for the development 
of acute kidney injury are large tumour size (>7 cm), resection of 
more than 50% of the normal parenchyma, long ischaemia time 
(>60 minutes), and ex vivo surgery.”° Measures to minimize injury 
include intraoperative administration of mannitol, hypothermia, 
and minimization of the ischaemic time. The risk of temporary dia- 
lysis is 8% and permanent dialysis 4% after PN in a solitary kidney. 
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Patients who undergo PN, especially those with a small amount of 
parenchymal may develop hyperfiltration renal injury with a risk 
for proteinuria, focal segmental glomerulosclerosis, and progres- 
sive renal failure. This may occur when more than 50% of the renal 
parenchyma is removed from a solitary kidney.!© Long-term moni- 
toring of renal function is mandatory. 


Incisional 
Abdominal incisional hernia after open surgery and flank wound 
bulge due to injury to the intercostal nerves can occur.?5.7661,76 


Bleeding 

Pain, flank, or abdominal swelling, signs of hypovolemia or drain- 
age of blood through the wound site can all occur with bleeding 
from a major vessel, injury to the liver, spleen, or a mesenteric ves- 
sel, or even from the kidney itself after PN. It can be self-limited in 
the retroperitoneum and be managed by bed rest, serial haemoglo- 
bin and haematocrit measurement with frequent vital signs moni- 
toring, and blood transfusion as needed. Renal angiogram with 
embolization may be required or even re-exploration to control 
the bleeding points. Reoperation for complications is higher with 
the PN compared to RN (4.4 vs. 2.4%).’> Delayed bleeding may 
occur with arteriovenous malformation, which may be managed 
percutaneously.”° 


Urinary fistula 

This is the most common complication after PN with an occurrence 
rate of 4.4%.”7 Central, large tumours, and surgery that requires 
major reconstruction of the pelvicalyceal system are risk factors.*! 
Fistula is diagnosed when there is persistent drainage of fluid and 
the fluid creatinine level is more than twice the serum creatinine.”” 
Most fistulas will close spontaneously with watchful waiting if there 
is no distal ureteric obstruction. The surgical drain should be left 
in place until drainage has decreased to a small daily volume of 
<50-100 cc. Persistent fistula is managed by bladder drainage with 
a catheter to reduce upper tract pressure followed by imaging with 
US or CT to rule out a urinoma that may require percutaneous 
drainage. If there is hydronephrosis or any evidence of obstruction, 
a ureteral catheter for drainage may be helpful. 


Follow-up after surgery 


The only consensus regarding the follow-up strategy after RN or 
PN surgery for RCC is that it should be intensified with increased 
pathological stage. Follow-up should monitor for postoperative 
complications and recurrence, kidney function, as well as local and 
distant recurrence. There are many proposed guidelines in the lit- 
erature,203448,49.78-81 Patients can be followed up in six weeks for 
postoperative complications with history, physical examination, 
creatinine, and haemoglobin. The Canadian Urological Association 
(CUA) has proposed guidelines for follow-up depending on the ini- 
tial pathological stage.*? For T1 disease the patient could be fol- 
lowed with clinical assessment, biochemistry, and chest X-ray at 
one year from surgery and then every year for five years, and CT 
or ultrasound abdomen at two and five years from surgery. For PT2 
disease, follow-up will include clinical assessment, biochemistry, 
and chest X-ray at six months from surgery, then every six months 
for three years, then yearly thereafter. CT or ultrasound scans of 
the abdomen could be done one year from surgery then every 
two years for 10 years“? Several nomograms have been designed 
to quantify the risk of recurrence and metastasis after surgery for 


localized RCC and these have been classified as low, intermediate, 
and high risk.7®81-84 The EAU guidelines adopted these nomo- 
grams for follow-up, which intensify as the risk increases.2° The 
total length of follow-up is not usually specified in the guidelines 
but late recurrence is seen in RCC. Most recurrence is diagnosed in 
the first three years. 


Active surveillance 


The incidence of RCC has increased and although the number of 
surgical procedures has increased accordingly, mortality due to 
RCC has not decreased significantly.”!4 This and other observa- 
tions have led to the reassessment of immediate treatment of SRMs 
and the necessity of treating all cases. About half of the patients 
with SRMs are more than 65 years old and a significant number of 
these patients have co-morbidities.”*° A recent study showed that 
treatment of localized renal tumours with surgery does not increase 
the overall survival in patients more than 75 years old.”4 Surgical 
morbidity is higher in these groups of patients and the surgical 
risk may outweigh the progression of the SRM.”* Twenty per cent 
(20%) of SRMs are benign and up to two-thirds of RCCs appear to 
have low growth potential so that initial excision of these tumours 
may be considered as overtreatment.??8687 Although SRMs grow 
slowly (0.28 cm/year) and one-third do not grow, the rate does not 
differentiate between benign and malignant tumours and it does 
not correlate with the aggressiveness of RCC.®°8§ Renal cell can- 
cer <4 cm have lower rate of progression and metastasis (1%) than 
those >4 cm in three-year follow-up.**.®? So far there are no radio- 
graphic characteristics that can predict the aggressiveness and pro- 
gression of SRMs.?9.° For these reasons, AS for SRMs with delayed 
intervention until the diameter reaches 3-4 cm is a reasonable ini- 
tial option that should be discussed. The patient should be coun- 
selled about the growth rate that it does not predict malignancy or 
clearly the aggressive potential of the mass. This approach does not 
appear to result in a loss of the window for nephron-sparing sur- 
gery (NSS) upon progression in the short term. The patient should 
also be counselled for the low but real risk for progression and 
metastasis and the lack of salvage treatment in this situation.!> The 
mass should be imaged every three to six months initially until the 
growth rate is determined and may extend the follow-up after that. 
Renal biopsy may help.?!29 


Thermal ablation therapy 


Thermal ablation therapy with either heating by cryoblation or 
heating with radiofrequency (RFA) are acceptable minimally inva- 
sive treatments for SRMs. Ablation can be done with a laparoscopic 
approach or percutaneously. Elderly patients with significant 
co-morbidities who are not fit for surgery are good candidates. It 
can be used for local recurrence after NSS and in patients with her- 
editary RCC with multifocal tumours where multiple PNs are not 
possible. 1016,29 

The best results are achieved with tumours <3 cm that are exo- 
phytic, peripheral, and away from major vessels or the renal col- 
lecting system.*4 Decreased morbidity, shorter or no hospital stay, 
shorter convalescence, and the ability to treat high-risk patients for 
surgery are potential advantages for this treatment.?? There are a 
few concerns with the ablation therapies. First, they have a recur- 
rence rate of 5-12%, which is higher than with surgical treatment.*! 
Second, the follow-up reported in most studies is short. Third, 
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complete ablation of all tumours is difficult at the time of treatment. 
Finally, salvage surgical treatment, if required, is difficult because of 
the perinephric fibrosis.?9*4 


Special situations 


Bilateral renal tumours 


Bilateral synchronous sporadic RCC occurs in up to 5% of cases. 
Most centres prefer a staged surgical approach, using PN for the 
tumours more amenable for NSS (smaller or in a more accessible 
location), followed by PN or RN for the contralateral kidney with 
the larger tumour. This allows the ipsilateral kidney to recover and 
establish its function before surgery to the other kidney, reducing 
the risk of dialysis postoperatively. 165422 


Tumour associated with hereditary kidney diseases 


Tumours in patients with hereditary kidney tumour diseases includ- 
ing Von Hippel-Lindau disease, familial papillary RCC, hereditary 
leiomyomatosis and RCC syndrome, and the Birt-Hogg-Dubé 
syndrome, differ from sporadic renal cell cancer in presentation 
and natural history. They occur in a younger age group, are bilat- 
eral, multifocal, and have higher rate of recurrence (2-51%).549394 
The five-year free survival rate for local recurrence is 71% but it is 
only 15% at 10 years and 23% end up with end-stage renal disease 
requiring dialysis.°* Options of treatment include PN with subse- 
quent resections for recurrences; or AS for new or existing tumours 
until they reach 3 cm in maximal axial diameter since the rate of 
metastasis is very low, but it increases to 27.4% when it is >3 cm 
which warrant treatment.?° This approach is not recommended 
for hereditary leiomyomatosis because of its aggressive nature and 
should be treated even if it is <3 cm.” Partial nephrectomy in this 
situation may carry an increased risk of local recurrence. Thermal 
ablation is an attractive treatment modality especially if there was 
previous ipsilateral surgery, impaired renal function, and clamping 
the hilum may worsen the condition, and in significant multifocal 
disease.165426 The final option is bilateral radical nephrectomy 
with renal replacement therapy. 


Tumour in a solitary kidney 


Tumour in a solitary kidney is an absolute indication for a NSS 
attempt. However, there are several concerns. Twenty per cent 
(20%) of the renal parenchyma needs to be preserved to avoid end- 
stage renal disease and dialysis.!° Even if more than this amount 
remained, there is an 8% risk for postoperative dialysis and 4% 
may require permanent dialysis.°+°” The other concern is the effect 
of pronged ischaemia time on renal function. Vascular clamping 
with cold or warm ischaemia are associated with acute and chronic 
renal failure and warm ischaemia >20 minutes is associated with 
increased incidence of permanent dialysis (10% vs. 4%).°4°8 This 
has a clinical implication in selecting the appropriate modality of 
treatment with the aim to adequately control the hilum and minim- 
ize the ischaemic time. Open PN may be a better option than LPN 
because it may be associated with a shorter ischaemia time and a 
lower rate of dialysis (10% vs. 0.6%).°499 


Conclusion 


There has been evolution in the management of localized RCC in 
the last few years. The management options range from surgery 


(PN or RN), either open or minimally invasive (laparoscopic or 
robotic), to thermal ablation therapy and active surveillance. Partial 
nephrectomy is now the standard of care for Tla and some T1b 
tumours even with a normal contralateral kidney. RN is reserved 
for larger tumours or when PN is not feasible. RN should be done 
laparoscopically unless this approach is contraindicated. 

There is no proven therapeutic role for LND, and it should 
be reserved for cases with radiological or palpable lymph node 
enlargement for staging purposes. Ipsilateral adrenalectomy is 
indicated only if the adrenal gland appears to be involved, or at 
risk of involvement depending on the size and location of the renal 
tumour. 

Follow-up after surgery should be individualized according 
to pathological stage. Thermal ablation therapy is an acceptable 
option for elderly patients with significant co-morbidities who are 
not fit for surgery. Ablation can be used for local recurrences and 
in patients with hereditary RCC with multifocal tumours. Active 
surveillance is an attractive option for SRMs, especially for elderly 
patients with co-morbidities and short life expectancy. Renal mass 
biopsy is safe and can help in patient counselling and decision- 
making regarding the treatment option. 


Further reading 


Campbell SC, Lane BR. Malignant renal tumor. (pp.1413-74) In: Kavoussi 
L, Novick A, Partin A, Peters C (eds). Campbell’s- Walsh Urology, Vol 2, 
10th edition. Philadelphia, PA: Saunders, 2012. 

Campbell SC, Novick AC, Belldegrun A, et al. Guideline for management 
of the clinical stage 1 renal mass. American Urological Association 
Education and Research, Inc., ©2009. Available at: http://www.auanet. 
org/content/guidelines-and-quality-care/clinical-guidelines/main- 
reports/renalmass09.pdf [Online]. 

Chawla SN, Crispen PL, Hanlon AL, Greenberg RE, Chen DY, Uzzo RG. 
The natural history of observed enhancing renal masses: meta-analysis 
and review of the world literature. J Urol 2006; 175(2):425-31. 

Gill IS, Kavoussi LR, Lane BR, et al. Comparison of 1,800 laparoscopic 
and open partial nephrectomies for single renal tumors. J Urol 2007; 
178(1):41-6. 

Kassouf W, Siemens R, Morash C, et al. Follow-up guidelines after radical 
or partial nephrectomy for localized and locally advanced renal cell 
carcinoma. Can Urol Assoc 2009; 3(1):73-6. 

Kavoussi LR SM, Gill IS. Laparoscopic surgery of the kidney. (pp. 1628-69) 
In: Kavoussi L (ed). Campbell’s Walsh Urology. Philadelphia, PA: 
Saunders, 2012. 

Kenney PWC. Contemporary open surgery of the kidney. (pp. 1554-627) 
In: Kavoussi L (ed). Campbell’s Walsh Urology. Philadelphia, PA: 
Saunders, 2012. 

Kunkle DA, Egleston BL, Uzzo RG. Excise, ablate or observe: the small renal 
mass dilemma--a meta-analysis and review. J Urol 2008; 179(4):1227-33; 
discussion 33-4. 

Ljungberg B, Bensalah K, Bex A, et al. EAU Guidelines on Renal 
Cell Carcinoma. Uroweb 2016. Available at: http://uroweb.org/ 
wp-content/uploads/EAU-Guidelines-Renal-Cell-Carcinoma-2016.pdf 
[Online]. 

National Comprehensive Cancer Network. Kidney Cancer (version 2.2017). 
Accessed date 10 November 2016. Available at: http://www.nccn.org/ 
professionals/physician_gls/pdf/kidney.pdf [Online]. 

Nguyen CT, Campbell SC, Novick AC. Choice of operation for clinically 
localized renal tumor. Urol Clin North Am 2008; 35(4):645—55; vii. 
Pouliot F LJ, Pantuck AJ. Treatment of localized kidney cancer. (pp. 329-42) 
In: Dahm P DR, (ed). Evidence-Based Urology. West Sussex, UK: Wiley- 

Blackwell, 2010. 

Smith JA, Howards SS, Preminger GM. Hinman’ Atlas of Urologic Surgery. 

Philadelphia, PA: WB Saunders, 2012. 


740 


SECTION 6 ONCOLOGY 


Uzzo RG, Novick AC. Nephron sparing surgery for renal tumors: 
indications, techniques and outcomes. J Urol 2001; 166(1):6-18. 

Van Poppel H, Becker F, Cadeddu JA, et al. Treatment of localised renal cell 
carcinoma. Eur Urol 2011; 60(4):662-72. 

Van Poppel H, Da Pozzo L, Albrecht W, et al. A prospective, randomised 
EORTC intergroup phase 3 study comparing the oncologic outcome 
of elective nephron-sparing surgery and radical nephrectomy for low- 
stage renal cell carcinoma. Eur Urol 2011; 59(4):543-52. 


References 


1. Robson CJ, Churchill BM, Anderson W. The results of radical 
nephrectomy for renal cell carcinoma. J Urol 1969; 101(3):297-301. 

2. Borin JF. Laparoscopic radical nephrectomy: long-term outcomes. Curr 
Opin Urol 2008; 18(2):139-44. 

3. Hemal AK, Kumar A, Kumar R, Wadhwa P, Seth A, Gupta NP. 
Laparoscopic versus open radical nephrectomy for large renal tumors: a 
long-term prospective comparison. J Urol 2007; 177(3):862-6. 

4. Hemal AK, Kumar A. A prospective comparison of laparoscopic and 
robotic radical nephrectomy for T1-2NOM0 renal cell carcinoma. 
World J Urol 2009; 27(1):89-94. 

5. Dunn MD, Portis AJ, Shalhav AL, et al. Laparoscopic versus open 
radical nephrectomy: a 9-year experience. J Urol 2000; 164(4):1153-9. 

6. Gill IS, Kavoussi LR, Lane BR, et al. Comparison of 1,800 laparoscopic 
and open partial nephrectomies for single renal tumors. J Urol 2007; 
178(1):41-6. 

7. Hollingsworth JM, Miller DC, Daignault S, Hollenbeck BK. Rising 
incidence of small renal masses: a need to reassess treatment effect. 

J Natl Cancer Inst 2006; 98(18):1331-4. 

8. Lucas SM, Stern JM, Adibi M, Zeltser IS, Cadeddu JA, Raj GV. Renal 
function outcomes in patients treated for renal masses smaller than 
4 cm by ablative and extirpative techniques. J Urol 2008; 179(1):75-9; 
discussion 9-80. 

9. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic 
kidney disease and the risks of death, cardiovascular events, and 
hospitalization. New Engl J Med 2004; 351(13):1296-305. 

10. Kunkle DA, Egleston BL, Uzzo RG. Excise, ablate or observe: the 
small renal mass dilemma--a meta-analysis and review. J Urol 2008; 
179(4):1227-33; discussion 33-4. 

11. Jewett MA, Zuniga A. Renal tumor natural history: the rationale and 
role for active surveillance. Urol Clin North Am 2008; 35(4):627-34; vii. 

12. Van Poppel H, Joniau S. Is surveillance an option for the treatment of 
small renal masses? Eur Urol 2007; 52(5):1323-30. 

13. Campbell SC, Novick AC, Belldegrun A, et al. Guideline for 
management of the clinical T1 renal mass. J Urol 2009; 182(4):1271-9. 

14. Chow WH, Devesa SS, Warren JL, Fraumeni JF Jr. Rising incidence of 
renal cell cancer in the United States. JAMA 1999; 281(17):1628-31. 

15. Pantuck AJ, Zisman A, Rauch MK, Belldegrun A. Incidental renal 
tumors. Urology 2000; 56(2):190-6. 

16. Campbell SC, Lane BR. Malignant renal tumor. (pp.1413-74) 

In: Kavoussi L, Novick A, Partin A, Peters C (eds). Campbell’s- Walsh 
Urology, Vol 2, 10th edition. Philadelphia, PA: Saunders, 2012. 

17. Gold PJ, Fefer A, Thompson JA. Paraneoplastic manifestations of renal 
cell carcinoma. Semin Urol Oncol 1996; 14(4):216-22. 

18. Jayson M, Sanders H. Increased incidence of serendipitously discovered 
renal cell carcinoma. Urology 1998; 51(2):203-5. 

19. Herts BR, Baker ME. The current role of percutaneous biopsy in the 
evaluation of renal masses. Semin Urol Oncol 1995; 13(4):254-61. 

20. Ljungberg B, Bensalah K, Bex A, et al. EAU Guidelines on Renal Cell 
Carcinoma. Uroweb 2016. Available at: http://uroweb.org/wp-content/ 
uploads/EAU-Guidelines-Renal-Cell-Carcinoma-2016.pdf [Online]. 

21. Leveridge MJ, Finelli A, Kachura JR, et al. Outcomes of small renal 
mass needle core biopsy, nondiagnostic percutaneous biopsy, and the 
role of repeat biopsy. Eur Urol 2011; 60(3):578-84. 

22. Richard PO, Jewett MA, Bhatt JR, et al. Renal tumor biopsy for small 
renal masses: a single-center 13-year experience. Eur Urol 2015; 
68(6):1007-13. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


Shannon BA, Cohen RJ, de Bruto H, Davies RJ. The value of 
preoperative needle core biopsy for diagnosing benign lesions among 
small, incidentally detected renal masses. J Urol 2008; 180(4):1257-61; 
discussion 61. 

Finelli A, Ismaila N, Bro B, et al. Management of small renal masses: 
American Society of Clinical Oncology Clinical Practice Guideline. J 
Clin Oncol 2017 Jan 17; Jco2016699645. 

Kenney PWC. Contemporary open surgery of the kidney. (pp. 1554- 
627) In: Kavoussi L (ed). Campbell’s Walsh Urology. Philadelphia, PA: 
Saunders, 2012. 

Wotkowicz C, Libertino JA. Renal cell cancer: radical nephrectomy. 
BJU Int 2007; 99(5 Pt B):1231-8. 

el-Galley RE, Keane TE. Embryology, anatomy, and surgical 
applications of the kidney and ureter. Surg Clin North Am 2000; 
80(1):381-401, xiv. 

Leibovich BC, Blute M, Cheville JC, Lohse CM, Weaver AL, Zincke 

H. Nephron sparing surgery for appropriately selected renal cell 
carcinoma between 4 and 7 cm results in outcome similar to radical 
nephrectomy. J Urol 2004; 171(3):1066-70. 

Van Poppel H, Becker F, Cadeddu JA, et al. Treatment of localised renal 
cell carcinoma. Eur Urol 2011; 60(4):662-72. 

Dash A, Vickers AJ, Schachter LR, Bach AM, Snyder ME, Russo P. 
Comparison of outcomes in elective partial vs radical nephrectomy for 
clear cell renal cell carcinoma of 4-7 cm. BJU Int 2006; 97(5):939-45. 
Blom JH, van Poppel H, Marechal JM, et al. Radical nephrectomy 
with and without lymph-node dissection: final results of European 
Organization for Research and Treatment of Cancer (EORTC) 
randomized phase 3 trial 30881. Eur Urol 2009; 55(1):28-34. 

Pantuck AJ, Zisman A, Dorey F et al. Renal cell carcinoma with 
retroperitoneal lymph nodes. Impact on survival and benefits of 
immunotherapy. Cancer 2003; 97(12):2995-3002. 

Pouliot F LJ, Pantuck AJ. Treatment of localized kidney cancer. (pp. 
329-42) In: Dahm PDR, (ed). Evidence-Based Urology. West Sussex, 
UK: Wiley-Blackwell, 2010. 

National Comprehensive Cancer Network. Kidney Cancer (version 
2.2017). Accessed date 10 November 2016. Available at: http://www. 
nccn.org/professionals/physician_gls/pdf/kidney.pdf [Online]. 
Antonelli A, Cozzoli A, Simeone C, et al. Surgical treatment of adrenal 
metastasis from renal cell carcinoma: a single-centre experience of 45 
patients. BJU Int 2006; 97(3):505-8. 

O'Malley RL, Godoy G, Kanofsky JA, Taneja SS. The necessity of 
adrenalectomy at the time of radical nephrectomy: a systematic review. 
J Urol 2009; 181(5):2009-17. 

May M, Brookman-Amissah S, Pflanz S, Roigas J, Hoschke B, Kendel F. 
Pre-operative renal arterial embolisation does not provide survival 
benefit in patients with radical nephrectomy for renal cell carcinoma. 
Br J Radiol 2009; 82(981):724-31. 

Wszolek MF, Wotkowicz C, Libertino JA. Surgical management of large 
renal tumors. Nat Clin Pract Urol 2008; 5(1):35-46. 

Schwartz MJ, Smith EB, Trost DW, Vaughan ED, Jr. Renal artery 
embolization: clinical indications and experience from over 100 cases. 
BJU Int 2007; 99(4):881-6. 

Clayman RV, Kavoussi LR, Soper NJ, et al. Laparoscopic 
nephrectomy: initial case report. J Urol 1991; 146(2):278-82. 

Berger AD, Kanofsky JA, O’Malley RL, et al. Transperitoneal 
laparoscopic radical nephrectomy for large (more than 7 cm) renal 
masses. Urology 2008; 71(3):421-4. 

Mattar K, Finelli A. Expanding the indications for laparoscopic radical 
nephrectomy. Curr Opin Urol 2007; 17(2):88-92. 

Kavoussi LR SM, Gill IS. Laparoscopic surgery of the kidney. (pp. 
1628-69) In: Kavoussi L (ed). Campbell’s Walsh Urology. Philadelphia, 
PA: Saunders, 2012. 

Desai MM, Strzempkowski B, Matin SE, et al. Prospective randomized 
comparison of transperitoneal versus retroperitoneal laparoscopic 
radical nephrectomy. J Urol 2005; 173(1):38-41. 

Nambirajan T, Jeschke S, Al-Zahrani H, Vrabec G, Leeb K, Janetschek 
G. Prospective, randomized controlled study: transperitoneal 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


a7. 


58. 


59. 


60. 


6l. 


62. 


63. 


64. 


65. 


66. 


CHAPTER 6.29 TREATMENT OF LOCALIZED RENAL CELL CANCER 


laparoscopic versus retroperitoneoscopic radical nephrectomy. Urology 
2004; 64(5):919-24. 

Schwartz MJ, Kavoussi LR. Laparoscopic and robotic surgery of the 
kidney. (pp. 1446-83) In: Wein AJ (ed). Campbell- Walsh Urology. 
Philadelphia, PA: Elsevier, Inc, 2016. 

Stephenson AJ, Chetner MP, Rourke K, et al. Guidelines for the 
surveillance of localized renal cell carcinoma based on the patterns of 
relapse after nephrectomy. J Urol 2004; 172(1):58-62. 

Levy DA, Slaton JW, Swanson DA, Dinney CP. Stage specific guidelines 
for surveillance after radical nephrectomy for local renal cell 
carcinoma. J Urol 1998; 159(4):1163-7. 

Kassouf W, Siemens R, Morash C, et al. Follow-up guidelines after 
radical or partial nephrectomy for localized and locally advanced renal 
cell carcinoma. Can Urol Assoc 2009; 3(1):73-6. 

Herr HW. A history of partial nephrectomy for renal tumors. J Urol 
2005; 173(3):705-8. 

Uzzo RG, Novick AC. Nephron sparing surgery for renal 

tumors: indications, techniques and outcomes. J Urol 2001; 
166(1):6-18. 

Long CJ, Canter DJ, Kutikov A, et al. Partial nephrectomy for renal 
masses >/= 7 cm: technical, oncological and functional outcomes. BJU 
Int 2012; 109(10):1450-6. 

Ganesamoni R, Mavuduru R, Agarwal MM. Re: Hendrik van 
Poppel, Luigi da Pozzo, Walter Albrecht, et al. A prospective, 
randomised EORTC intergroup phase 3 study comparing the 
oncologic outcome of elective nephron-sparing surgery and radical 
nephrectomy for low-stage renal cell carcinoma. Eur Urol 2011; 
59:543-52. 

Nguyen CT, Campbell SC, Novick AC. Choice of operation 

for clinically localized renal tumor. Urol Clin North Am 2008; 
35(4):645-55; vii. 

Lee CT, Katz J, Shi W, Thaler HT, Reuter VE, Russo P. Surgical 
management of renal tumors 4 cm. or less in a contemporary cohort. 

J Urol 2000; 163(3):730-6. 

Van Poppel H, Da Pozzo L, Albrecht W, et al. A prospective, 
randomised EORTC intergroup phase 3 study comparing the oncologic 
outcome of elective nephron-sparing surgery and radical nephrectomy 
for low-stage renal cell carcinoma. Eur Urol 2011; 59(4):543-52. 

Kluth LA, Xylinas E, Shariat SF. Words of wisdom: re: a prospective, 
randomised EORTC intergroup phase 3 study comparing the 
oncologic outcome of elective nephron-sparing surgery and radical 
nephrectomy for low-stage renal cell carcinoma. Eur Urol 2013; 
63(2):399-400. 

Taneja SS. Re.: A prospective, randomised EORTC intergroup phase 3 
study comparing the oncologic outcome of elective nephron-sparing 
surgery and radical nephrectomy for low-stage renal cell carcinoma. 

J Urol 2011; 185(5):1637-8. 

Hafez KS, Novick AC, Campbell SC. Patterns of tumor recurrence and 
guidelines for followup after nephron sparing surgery for sporadic 
renal cell carcinoma. J Urol 1997; 157(6):2067-70. 

Luttrop W, Nelson CE, Nilsson T, Olin T. Study of glomerular and 
tubular function after in situ cooling of the kidney. J Urol 1976; 
115(2):133-5. 

Smith JA, Howards SS, Preminger GM. Hinman’s Atlas of Urologic 
Surgery. Philadelphia, PA: WB Saunders, 2012. 

Lane BR, Gill IS. 7-year oncological outcomes after laparoscopic and 
open partial nephrectomy. J Urol 2010; 183(2):473-9. 

Turna B, Aron M, Gill IS. Expanding indications for laparoscopic 
partial nephrectomy. Urology 2008; 72(3):481-7. 

Ng CS, Gill IS, Ramani AP, et al. Transperitoneal versus retroperitoneal 
laparoscopic partial nephrectomy: patient selection and perioperative 
outcomes. J Urol 2005; 174(3):846-9. 

Scoll BJ, Uzzo RG, Chen DY, et al. Robot-assisted partial 
nephrectomy: a large single-institutional experience. Urology 2010; 
75(6):1328-34. 

Choi JE, You JH, Kim DK, Rha KH, Lee SH. Comparison of 
perioperative outcomes between robotic and laparoscopic partial 


67. 


68. 


69. 


70. 


71, 


72. 


73. 


74. 


75. 


76. 


TT 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


nephrectomy: a systematic review and meta-analysis. Eur Urol 2015; 
67(5):891-901. 

Patard JJ, Shvarts O, Lam JS, et al. Safety and efficacy of partial 
nephrectomy for all T1 tumors based on an international multicenter 
experience. J Urol 2004; 171(6 Pt 1):2181-5, quiz 435. 

Mitchell RE, Gilbert SM, Murphy AM, Olsson CA, Benson MC, 
McKiernan JM. Partial nephrectomy and radical nephrectomy offer 
similar cancer outcomes in renal cortical tumors 4 cm or larger. 
Urology 2006; 67(2):260-4. 

Borghesi M, Brunocilla E, Schiavina R, Martorana G. Positive 
surgical margins after nephron-sparing surgery for renal cell 
carcinoma: incidence, clinical impact, and management. Clin 
Genitourin Cancer 2013; 11(1):5-9. 

Ani I, Finelli A, Alibhai SM, Timilshina N, Fleshner N, Abouassaly 
R. Prevalence and impact on survival of positive surgical margins in 
partial nephrectomy for renal cell carcinoma: a population-based study. 
BJU Int 2013; 111(8):E300-5. 

Stephenson AJ, Hakimi AA, Snyder ME, Russo P. Complications of 
radical and partial nephrectomy in a large contemporary cohort. J Urol 
2004; 171(1):130-4. 

Abouassaly R, Alibhai SM, Tomlinson GA, Urbach DR, Finelli A. 

The effect of age on the morbidity of kidney surgery. J Urol 2011; 
186(3):811-6. 

Van Poppel H, Da Pozzo L, Albrecht W, et al. A prospective randomized 
EORTC intergroup phase 3 study comparing the complications of 
elective nephron-sparing surgery and radical nephrectomy for low-stage 
renal cell carcinoma. Eur Urol 2007; 51(6):1606-15. 

Lane BR, Abouassaly R, Gao T, et al. Active treatment of localized renal 
tumors may not impact overall survival in patients aged 75 years or 
older. Cancer 2010; 116(13):3119-26. 

Partial Nephrectomy. Urology Surgery—urologysurgery.wordpress. 
com. [cited 10 November 2016]. Available at: http://urologysurgery. 
wordpress.com/2008/09/21/partial-nephrectomy/1 [Online]. 
Chatterjee S, Nam R, Fleshner N, Klotz L. Permanent flank bulge is a 
consequence of flank incision for radical nephrectomy in one half of 
patients. Urol Oncol 2004; 22(1):36-9. 

Kundu SD, Thompson RH, Kallingal GJ, Cambareri G, Russo P. 
Urinary fistulae after partial nephrectomy. BJU Int 2010; 
106(7):1042-4. 

Chin AI, Lam JS, Figlin RA, Belldegrun AS. Surveillance strategies for 
renal cell carcinoma patients following nephrectomy. Rev Urol 2006; 
8(1):1-7. 

Ljungberg B, Alamdari FI, Rasmuson T, Roos G. Follow-up 
guidelines for nonmetastatic renal cell carcinoma based on the 
occurrence of metastases after radical nephrectomy. BJU Int 1999; 
84(4):405-11. 

Sandock DS, Seftel AD, Resnick MI. A new protocol for the followup 
of renal cell carcinoma based on pathological stage. J Urol 1995; 
154(1):28-31. 

Lam JS, Shvarts O, Leppert JT, Pantuck AJ, Figlin RA, Belldegrun AS. 
Postoperative surveillance protocol for patients with localized and 
locally advanced renal cell carcinoma based on a validated prognostic 
nomogram and risk group stratification system. J Urol 2005; 
174(2):466-72; discussion 72; quiz 801. 

Kattan MW, Reuter V, Motzer RJ, Katz J, Russo P. A postoperative 
prognostic nomogram for renal cell carcinoma. J Urol 2001; 
166(1):63-7. 

Leibovich BC, Blute ML, Cheville JC, et al. Prediction of progression 
after radical nephrectomy for patients with clear cell renal cell 
carcinoma: a stratification tool for prospective clinical trials. Cancer 
2003; 97(7):1663-71. 

Karakiewicz PI, Briganti A, Chun FK, et al. Multi-institutional 
validation of a new renal cancer-specific survival nomogram. J Clin 
Oncol 2007; 25(11):1316-22. 

Jewett MA, Mattar K, Basiuk J, et al. Active surveillance of small renal 
masses: progression patterns of early stage kidney cancer. Eur Urol 
2011; 60(1):39-44. 


741 


742 


SECTION 6 ONCOLOGY 


86. 


87. 


88. 


89. 


90. 


9l; 


92. 


Frank I, Blute ML, Cheville JC, Lohse CM, Weaver AL, Zincke H. Solid 
renal tumors: an analysis of pathological features related to tumor size. 
J Urol 2003; 170(6 Pt 1):2217-20. 

Remzi M, Ozsoy M, Klingler HC, et al. Are small renal tumors 
harmless? Analysis of histopathological features according to tumors 
4 cm or less in diameter. J Urol 2006; 176(3):896-9. 

Kunkle DA, Crispen PL, Chen DY, Greenberg RE, Uzzo RG. Enhancing 
renal masses with zero net growth during active surveillance. J Urol 
2007; 177(3):849-53; discussion 53-4. 

Chawla SN, Crispen PL, Hanlon AL, Greenberg RE, Chen DY, 

Uzzo RG. The natural history of observed enhancing renal 

masses: meta-analysis and review of the world literature. J Urol 2006; 
175(2):425-31. 

Remzi M, Katzenbeisser D, Waldert M, et al. Renal tumour size 
measured radiologically before surgery is an unreliable variable 

for predicting histopathological features: benign tumours are not 
necessarily small. BJU Int 2007; 99(5):1002-6. 

Matin SF, Ahrar K, Cadeddu JA, et al. Residual and recurrent disease 
following renal energy ablative therapy: a multi-institutional study. 

J Urol 2006; 176(5):1973-7. 

Booth J, Matin SF, Ahrar K, Tamboli P, Wood CG. Contemporary 
strategies for treating nonhereditary synchronous bilateral renal 


93. 


94. 


95. 


96. 


97. 


98. 


99. 


tumors and the impact of minimally invasive, nephron-sparing 
techniques. Urol Oncol 2008; 26(1):37-42. 

Roupret M, Hopirtean V, Mejean A, et al. Nephron sparing surgery for 
renal cell carcinoma and von Hippel-Lindau’s disease: a single center 
experience. J Urol 2003; 170(5):1752-5. 

Steinbach F, Novick AC, Zincke H, et al. Treatment of renal cell 
carcinoma in von Hippel-Lindau disease: a multicenter study. J Urol 
1995; 153(6):1812-6. 

Duffey BG, Choyke PL, Glenn G, et al. The relationship between renal 
tumor size and metastases in patients with von Hippel-Lindau disease. 
J Urol 2004; 172(1):63-5. 

Shingleton WB, Sewell PE Jr. Percutaneous renal cryoablation of 

renal tumors in patients with von Hippel-Lindau disease. J Urol 2002; 
167(3):1268-70. 

Campbell SC, Novick AC, Streem SB, Klein E, Licht M. Complications of 
nephron sparing surgery for renal tumors. J Urol 1994; 151(5):1177-80. 
Thompson RH, Frank I, Lohse CM, et al. The impact of ischemia time 
during open nephron sparing surgery on solitary kidneys: a multi- 
institutional study. J Urol 2007; 177(2):471-6. 

Lane BR, Novick AC, Babineau D, Fergany AF, Kaouk JH, Gill IS. 
Comparison of laparoscopic and open partial nephrectomy for tumor 
in a solitary kidney. J Urol 2008; 179(3):847-51; discussion 52. 


CHAPTER 6.30 


Ablative technologies 
for renal cancer 


Stephen Faddegon, Ephrem O. Olweny, 
and Jeffrey A. Cadeddu 


Introduction to ablative technologies 
for renal cancer 


Background and indications for renal ablation 


The term ‘renal ablation (RA) encompasses numerous technologies 
and energy sources used for the destruction of renal neoplasms in 
situ. Radiofrequency ablation (RFA) and cryoablation (CA) are the 
most widely studied RA modalities and will represent the focus of 
this chapter. Various changes in the demographics of renal tumours 
and renal failure in the general population have lead to the need for 
less aggressive treatments, such as RA. These demographic changes 
include the rising prevalence of small asymptomatic lesions 
detected through abdominal scanning and that tumours are now 
commonly found in patients with poor renal function. 

The outcomes of RA can be difficult to interpret from the litera- 
ture. Definitions of treatment failure may differ between reports, 
and treated masses are not always biopsied to confirm malig- 
nancy. Furthermore, there are no randomized trials comparing 
ablation modalities, or comparing ablation to extirpative surgery, 
the gold standard for treatment of renal masses. Well-recognized 
indications for RA include patients with small renal masses who 
are either poor surgical candidates or at risk of renal insufficiency. 
This includes patients with solitary kidneys, bilateral renal masses, 
hereditary syndromes such as von Hippel-Lindau’s disease (VHL), 
and those with renal insufficiency. The optimal tumour size for RA 
appears to be equal to or less than less than three cm, although 
there is no established cutoff. A recent series of 159 tumours treated 
by RFA reported significantly higher 5-year disease-free survival 
for tumours <3 cm compared to those >3 cm (91% vs. 79%, p = 
0.001).! Complication rates may also increase with tumours >3 cm, 
particular when treated by CA.? Although the American Urological 
Association (AUA) guidelines suggest that tumours greater than 
4 cm may be treated by RA,° many centres avoid ablation of T1b 
tumours, regardless of co-morbidity status, for these reasons.*° 
When RA is reserved for smaller tumours, several studies report of 
achievement of oncologic efficacy similar to that for partial neph- 
rectomy.*-® Relative contraindications to RA include short life 
expectancy that would preclude any survival benefit to ablation, 
and patients who may not tolerate sedation or anaesthesia (such as 
an acute illness or unstable cardiovascular status). Central or hilar 
tumours may be poorly suited to thermal ablation due to increased 


risk for complications and ‘heat sink’ phenomena, which impairs 
ablation efficacy. Additionally, underlying coagulopathy must be 
corrected prior to treatment.’ 


The rationale for renal ablation 


The increased prevalence of small renal masses (SRMs), due to 
the widespread use of abdominal imaging for other reasons, 
has fuelled interest in active surveillance and minimally inva- 
sive treatment options.®!° Only 20-25% of SRMs have highly 
aggressive histological features, while 55-60% are malignant 
but display indolent behaviour.!!~!3 Surgical therapy for indo- 
lent and benign tumours, which represent the majority of SRMs, 
might be considered overtreatment, but preoperative distinction 
from malignant tumours with aggressive histology is unreliable. 
Although surgery is traditionally recommended for younger 
patients, active surveillance is an option, given low associated 
rates of metastasis.!4 Elderly patients are more often coun- 
selled towards active surveillance, although those who live long 
enough may experience tumour growth and eventually require 
treatment. For all patient age groups with SRMs, RA could be 
considered a treatment compromise, offering the opportunity 
for treatment while minimizing patient morbidity. Indeed, RA is 
associated with shorter convalescence and fewer complications 
than surgery,!5 with minimal impact on post-treatment renal 
function. 1617 


Radiofrequency ablation 
Background 


Radiofrequency (RF) waves are defined as the portion of the elec- 
tromagnetic spectrum with frequencies between 3Hz and 300GHz. 
Their interaction with biological tissues was described as early as 
1891, when D’Arsonval demonstrated that RF waves passed though 
biological tissues raised tissue temperatures.!® In 1926, Bovie and 
Cushing described the use of a Bovie knife to resect a brain tumour, 
a device that used RF current for alternate cutting and cauteriza- 
tion.!? However, it was not until 1990 that the use of RF energy to 
produce focal areas of tissue ablation was first reported. That year, 
two independent investigators described the use of an insulated RF 
needle designed for percutaneous insertion that created a zone of 
ablation centred around the un-insulated needle tip.?°! Use of this 
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device for solid organ (liver tumour) ablation was first reported in 
19937? while use in kidney ablation was first reported in 1997.77 


Mechanism of action 


During ablation, alternating current applied to the probe (cathode) 
causes water molecules closest to the probe to vibrate at high fre- 
quency so as to align with the current. Some of the resulting kin- 
etic energy is displaced as heat due to friction between adjacent 
vibrating molecules. The tissue temperature is raised, being highest 
closest to the probe and dropping off exponentially with increas- 
ing distance from the probe. The probe itself is not heated by the 
current.” Tissue death and vaporization respectively occur at 55°C 
and 100°C. Ablation efficacy is primarily determined efficiency of 
energy deposition and tissue conductivity. If the tissue tempera- 
ture is raised too rapidly, tissue vaporization results in carboniza- 
tion and charring around the probe, raising the tissue impedance 
and limiting transmission of further electrical and thermal energy. 
Conversely, proximity to blood vessels that are greater than three 
mm in diameter results in a ‘heat sink’ effect, whereby heat is 
absorbed by circulating blood, limiting the success of achieving 
target temperatures within the tissue.*4 

Several techniques are employed by current RF systems to 
optimize efficiency of energy delivery. The maximum amount of 
RF current that can be delivered is dependent on both the gen- 
erator output and electrode surface area. Modern RF generators 
are capable of outputs of up from 200 to 250 W.4 During treat- 
ment delivery, the two most commonly used generators util- 
ize either temperature monitoring (whereby power is modulated 
to maintain target temperature and minimize tissue impedance; 
Angiodynamics, Queensbury, NY, USA) or impedance monitoring 
(whereby power is cycled and increased to drive impedance high 
without monitoring of temperature or time; Radionics, Burlington, 
MA, USA). Commonly used electrode designs include use of 
multi-tined probes to increase tissue contact surface area thereby 
increasing ablation zones,”° and use of cooled tip electrodes which 
minimize charring around the RF probe.”° 


Surgical technique 


Percutaneous RFA 

Depending on treating physician preference, either conscious sed- 
ation or general anaesthesia is employed, and the procedure is per- 
formed on an outpatient basis. In the authors’ experience, general 
anaesthesia is safe for the majority of patients, enables control of 
respirations during probe positioning and lesion biopsy, and gen- 
erally does not preclude same-day patient discharge. Intravenous 
prophylactic antibiotics are administered, a Foley catheter is 
placed, and the patient is positioned in either a prone or modified 
flank position on the computed tomography (CT) gantry, gener- 
ally with the torso supported on bolsters. The choice of position 
is largely dictated by the tumour location. A non-contrast CT is 
first obtained to confirm tumour size and position in the prone or 
lateral position, and a contrast-enhanced CT is then obtained to 
better delineate the tumour. A 20-gauge finder needle is inserted 
under CT-guidance to guide the desired trajectory of the RF probe. 
At the authors’ institution, a 14-gauge Starburst XL (RITA Medical 
Systems, Mountain View, CA) probe is then deployed and its pos- 
ition is adjusted to ensure complete lesion coverage plus a peritu- 
moural margin of at least 5 mm. This is done using serial limited 


CT scans through the kidney employing 3 mm cuts. Use of fine 
cuts ensures that individual ablation probe tines are within three 
mm of each other, which represents the maximum heat dispersion 
distance from each tine. After probe positioning, an 18-gauge CT- 
guided TruCut biopsy is obtained by inserting the biopsy needle 
parallel to the ablation probe. Probe and biopsy needle positioning 
and adjustments are performed with breath holding at end-expir- 
ation. Ablation cycles of 5, 7, and 8 minutes at a target temperature 
of 105°C are then delivered for tine deployments of <2 cm, 2-4 cm, 
and 24 cm respectively, with two cycles delivered per treatment. 
During the brief intervening period between treatment cycles, the 
passive tissue temperature in each quadrant should be at least 70°C. 
A contrast-enhanced CT is repeated post-treatment to assess com- 
pleteness of ablation and to rule out complications. If inadequately 
treated areas are identified, the RF probe is repositioned and the treat- 
ment is repeated. Occasionally, for more anteriorly located tumours, 
a 5% dextrose solution in water is infused into the perinephric 
space to increase the distance between the renal lesion and closely 
neighbouring structures. Heat sinks due to small vessels can often 
be overcome by ablation of the vessels. The Foley catheter is moni- 
tored for haematuria at all times, and the probe depth is readjusted 
as needed if haematuria is noted. The probe tract is ablated during 
probe withdrawal. For ablation of larger lesions, some authors have 
described the use of non-conducting temperature probes placed at 
the peripheral and deep margins of the tumour for active tempera- 
ture monitoring.’” Rather than multi-tined probes, multiple indi- 
vidual probes can also be used in overlapping ablations.® 


Laparoscopic RFA 

Laparoscopic RFA may be used for ablation anterior or centrally 
located tumours. A transperitoneal approach is generally used. 
The kidney is mobilized, Gerota’s fascia is entered, and the lesion 
is exposed. The radiofrequency probe is inserted percutaneously 
through a separate stab incision and is deployed under laparoscopic 
ultrasound guidance, ensuring that the treatment tines extend 
beyond the tumour edge and the deep margin. At conclusion of the 
treatment cycles, a 5 mm toothed forceps is used to obtain a biopsy 
of the mass, following which Gerota’s fascia is re-approximated 
prior to port removal and closure. 


Cryoablation 
Background 


The earliest applications of extreme cold temperatures in the clin- 
ical setting were described as far back as the early 1900s, when 
the use of liquid air and liquid carbon dioxide were employed for 
the treatment of skin lesions.789 The clinical application of liquid 
nitrogen as a cryogen was first introduced in 1950,°° with the ear- 
liest use for urological application (prostate ablation) described 
in 1966,°! and the first use for renal tumour ablation reported in 
1995.3? Liquid nitrogen is capable of achieving cooling tempera- 
tures nearing —200°C. Despite limited early applications, CA did 
not become mainstream until the development of intraoperative 
ultrasound monitoring and the introduction of argon gas cryo- 
probes. Intraoperative ultrasound guidance improved effectiveness 
by facilitating accurate probe placement within the tumour and 
real-time verification of ice ball propagation beyond the tumour 
margins.°4 The use of argon gas improved the efficiency of CA by 
enabling shorter treatment times due to its rapid cooling property.*° 


There have been several recent advancements in cryotherapy 
technology. These include ultra-thin 17-gauge needle probes which 
allow precise positioning within the tumour and may minimize the 
risk of bleeding following probe removal.*¢ In a multi-institutional 
study of 144 patients, the ultra-thin probes resulted in a 15% com- 
plication rate of which half were minor and did not require sec- 
ondary intervention.?” Additional research is being conducted in 
CT-guided stereotactic probe positioning to increase the accuracy 
of probe placement.*6 


Mechanism of action 


Cooling during CA is achieved through the Joule-Thomson effect 
in which pressurized liquid gas cools as it expands to a gaseous state 
at the tip of the cryoprobe, achieving temperatures as low as -195°C 
(range -80°C to -195°C). The thaw phase is usually achieved with 
helium gas, which warms rather than cools as it is depressurized. 
Depending on the size and shape of the tumour, multiple ablation 
probes can be used to ensure adequate tumour coverage.® 

The mechanism of cell death involves intracellular dehydration, 
direct injury to proteins and cell membranes, and local ischaemia. 
During freezing, extracellular ice formation establishes as osmotic 
gradient that causes a fluid shift from the intracellular space to extra- 
cellular space, resulting in intracellular dehydration and changes in 
pH. Intracellular and extracellular ice formation also result in direct 
damage to cell membranes? and protein denaturation that impairs 
vital enzyme pathways.**° Local ischaemia results from disruption 
of the microvasculature. Finally, reperfusion injury during the thaw 
phase results in thrombosis, coagulative necrosis, apoptosis.4°4! 


Surgical technique 


Treatment approach 
CA can be performed via laparoscopic, percutaneous, or open 
approaches, although the open approach is rarely performed in 
favour of the more minimally invasive options. The majority of 
published series describe a laparoscopic approach? although there 
is an increasing number of percutaneous CA series.° 

Laparoscopic CA is favoured for anterior, anteromedial and 
hilar masses, and is typically performed through a transperitoneal 
approach. The kidney is mobilized and the fat overlying the tumour 
is cleared to allow for complete visualization and intraoperative 
ultrasound monitoring. Some practitioners choose to expose the 
hilum in the event of haemorrhage. Core biopsies are obtained after 
which cryoprobes are inserted under direct vision with ultrasound 
assistance.*® Selection of probe size and number is dependent upon 
tumour size. Animal studies suggest that for 17-gauge mm elliptical 
ice ball cryoprobes (1.47-mm diameter; Galil Medical, Arden Hill, 
MN, USA), a single probe is inadequate for complete ablation of 
most renal tumours, while use of three probes in a triangular tem- 
plate with 1.5 cm spacing achieved the largest zones of necrosis, 
sufficient for lesions <4 cm in size.42 However, based on isotherm 
studies in gel and in ex vivo and in vivo porcine kidneys, Young and 
Clayman found that ex vivo isotherm data are inadequate for pre- 
dicting in vivo tissue temperatures during CA, and recommended 
cryoprobe deployment several millimetres beyond the targeted 
lesion along with tissue temperature monitoring using thermosen- 
sors. Intraoperative ultrasonography is essential for probe place- 
ment and monitoring of ice ball propagation.® 

Posterior tumours can be accessed percutaneously with the 
patient supine under general or conscious sedation. Probes 
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positioning and ice ball monitoring are done under CT or magnetic 
resonance imaging (MRI) guidance.® Advantages of the percutan- 
eous approach include decreased pain, shorter hospital stay, and 
superior cost-effectiveness.*4 Disadvantages compared to the lap- 
aroscopic approach include the inability to assess for acute haemor- 
rhage.® Unlike percutaneous RFA, the percutaneous puncture tract 
cannot be treated during probe removal. 


Imaging 

Renal imaging is central to the evaluation, treatment, and post- 
operative assessment of cryoablated tumours. A high-quality pre- 
operative contrast-enhanced CT or MRI provides information 
about tumour size, location, and proximity to surrounding organs, 
the renal hilum, or the collecting system. As previously mentioned, 
intraoperative imaging guides probe placement and monitor- 
ing of ice ball propagation; ultrasound is utilized for laparoscopic 
approaches while CT or MRI is employed during percutaneous 
ablation.® For percutaneous CA, a post-ablative contrast-enhanced 
CT or MRI scan is also essential to confirm treatment success and 
evaluate for acute haemorrhage.® 


Treatment monitoring 

Monitoring of treatment efficacy during CA employs imaging of the 
ablation zone and monitoring of thermocouples. Tumour cell death 
is reliably achieved at target temperatures of -40°C.* Although the 
cryoprobe tip reaches temperatures of —140°C to —190°C, there is a 
steep temperature gradient which falls to 0°C at the edge of the ice 
ball.4° Temperatures of less than —20°C are achieved at a distance of 
3.1 mm inside the edge of the ice ball.4” For these reasons, the ice 
ball should propagate 1 cm beyond the tumour margin to ensure 
temperatures of —40°C at the tumour margin.“ The ice ball appears 
as a hypoechoic area with a hyperechoic rim on ultrasound.® 
Although it is easily visualized, posterior acoustic shadowing can 
impair accurate assessment of the ice ball depth, emphasizing the 
importance of accurate probe placement before the initiation of 
treatment. Thermosensors may also be placed at the peripheral 
tumour margin to ensure that target temperatures are achieved.*® 


Treatment cycles 

Two freeze/thaw cycles are standard, which stems from a prospect- 
ive study in female dogs that demonstrated a larger and more com- 
plete area of necrosis following two cycles as compared to a single 
cycle.*? The second ice ball is usually propagated beyond the initial 
border of ablation to ensure complete ablation." There is no stand- 
ard duration for a freeze cycle because, unlike RFA, the freeze time 
itself is not considered clinically significant as long as target tem- 
peratures are reached.’ Ten minutes is commonly used during the 
initial cycle while the second cycle is generally shorter, lasting 6-8 
minutes.315° Such practice is supported by a study of female pigs in 
which freeze cycles of five minutes resulted in inadequate necrosis, 
while 15 minutes was associated with higher rates of tissue fracture. 
Ten minute freeze cycles represented an optimal compromise with 
adequate tumour necrosis and few complications.*! 

While the thaw cycle can be done passively, helium gas is gener- 
ally employed to reduce the thaw time. Few studies have compared 
these two approaches and there is no present standard of care. At 
least one animal study found no difference in necrosis between 
active and passive thawing,’ but prospective human studies have 
not been performed to date.*! Following the second cycle thaw, 
the probe is gently twisted and if there is no resistance, it can be 
removed atraumatically.> 
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Post-ablation follow-up 


Routine post-ablation follow-up includes a periodic history and 
physical, chest X-ray, abdominal CT, and laboratory tests including 
a complete metabolic profile. There is considerable variability in the 
follow-up routine used at individual treatment centres, and an opti- 
mal follow-up regimen has not been defined. At most centres, the 
first post-ablation CT or MRI is obtained at 4-12 weeks. If persist- 
ent enhancement is identified in any portion of the treated lesion on 
this study, it is classified as incompletely ablated and repeat ablation 
is scheduled. Radiographic success is defined as loss of enhance- 
ment accompanied by involution of the treated lesion on follow- 
up scans.°? However, radiographic findings can be variable, for 
example loss of enhancement without accompanying involution or 
enhancement that is due to inflammatory changes without tumour 
recurrence.” The role of a routine post-ablation biopsy is contro- 
versial and studies have yielded conflicting data on its utility.?333-59 
Taking the dual limitations of imaging studies and biopsy findings 
into consideration, a recent multi-institutional study on the inci- 
dence and patterns of recurrence following energy ablative ther- 
apy concluded that radiographic detection of residual or recurrent 
disease was the current state of the art when performed correctly. 
However, when enhancement and involution are incongruent, or 
whenever recurrence is suspected, multisite-directed core biopsies 
should be considered.°? 


Outcomes of radiofrequency 
and cryoablation 
Oncologic outcomes 


To date, outcome reporting for oncologic efficacy of thermal ablative 
therapy is limited by small cohort sizes, short follow-up, inclusion 


Table 6.30.1 RCCspecific outcomes following RFA of renal tumours 


of patients with benign masses, lack of pre-ablation biopsy, inclu- 
sion of patients with confounding features for renal cell carcinoma 
(RCC) recurrence such as hereditary cancer syndromes, variable 
definitions of recurrence, and other limitations. However, recent 
studies with reasonable numbers of patients (230) have empha- 
sized reporting of long-term oncologic outcomes in patients with 
biopsy-proven RCC, either primarily or within subset analyses, and 
these studies form the basis for the oncologic outcomes of abla- 
tive therapies discussed in this chapter.!-® Some of these studies 
however, are confounded by inclusion of patients with hereditary 
cancer syndromes and/or prior RCC treatment. Tables 6.30.1 and 
6.30.2 summarize RCC-specific outcomes for RFA and CA respect- 
ively in select series with intermediate to long-term follow-up. For 
RFA, local recurrence-free outcomes range between 88% and 95% 
while rates for CA are 80% to approximately 87%. Metastasis-free 
survival and cancer-specific survival exceed 90% in virtually all 
series. Although studies drawing comparisons with partial neph- 
rectomy are limited by unmatched tumour sizes and inconsistent 
definitions of post-ablation recurrence, data to date suggest that 
progression-free survival and disease-specific survival are similar 
for energy ablative therapy and extirpative therapy in the inter- 
mediate term (five years), exceeding 90% in each case. In a head- 
to-head comparison of RFA and PN in patients with sporadic 
unilateral Tla RCC, five-year actual local recurrence-free survival, 
overall disease-free survival, and progression-free survival were 
statistically similar between the cohorts.® In this series, persistent 
enhancement on the initial post-ablation imaging study was clas- 
sified as incomplete ablation and was treated by repeat ablation in 
the majority of cases. Oncologic outcomes were then assessed after 
complete treatment (i.e. after complete loss of enhancement) was 
achieved.® Similar studies to date comparing oncologic outcomes 
for CA and partial nephrectomy in matched cohorts are limited by 


Author, year No. patients Follow-up (yr) Tumour size, Approach Local Metastatic Overall Cancer- Overall 
(no. cm recurrence recurrence disease- specific survival 
tumours) free survival 
survival 
Psutka et al. 185 (185) Median 6.43 Median 3 Perc 5-yr RFS 5-yr MFS 5-yr DFS 5-yr CSS 5-yr OS 73.3% 
2012)2 range 0.5-13.4) (range 1-6.5) 95.2% 99.4% 87.6% 99.4% 
Tracy et al. (2010) 160 (179) Mean 2.25 Mean 2.4* Perc and 5-yr RFS 5-yr MFS — 5-yr CSS99% 5-yr OS 85%* 
subgroup analysis) range 0.13-7.5) (range Lap 90% 95% 
1.0-5.4 
Zagoria et al. 41 (48) Median 4.67 Median Perc 5-yr RFS 3/41 (7%) 5-yr DFS 1/41 (2.4%) 5-yr OS 66% 
2011)% IQR 3-5.3) 2.6 (range 88% developed 83%** died of RCC 
0.7-8.2 metastases 
Olweny et al. 37 (37) Median 6.5 Median 2.1 Perc and 5-yr RFS 5-yr MFS 5-yr DFS  5-yr CSS 5-yr OS 97.2% 
2012)61 IQR 5.8-7.1) (IQR 1.8-2.8) Lap 917% 97.2% 89% 97.2% 
Levinson et al. 18 (18) Mean 4.8 (range Mean 2.1 Perc 5-yr RFS 5-yr MFS 5-yr DFS 5-yr CSS 100% 5-yr OS 58.3% 
2008)°? (subgroup 3.4-6.7) (range 1-4) 79.9% 100% 79.9% 
analysis) 
McDougal et al. 16 (20) Mean 4.6 (4-6) Mean 3.2 Perc 4-yr RFS 4-yr MFS = 4-yr CSS 100%  4-yr OS 68.7% 
2005)60 (range 91% 100% 
E 


*Overall survival for entire cohort, including 22% with non-diagnostic or benign histology. 


**No recurrences observed in patients with tumours <4 cm in size. 


Table 6.30.2 RCCspecific outcomes following CA of renal tumours 
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Author, year No. patients Follow-up Tumour size, Approach Local Metastatic Overall Cancer- Overall 
(no. (yr) cm recurrence recurrence disease-free specific survival 
tumours) survival survival 
Aron et al. 55 (55) Median 7.8 Mean 2.3 Lap 7/55 (12.7%) 6/55 (11%) 5-yr DFS 81%  5-yr CSS 5-yr OS84% 
(2010)65 (range 5-11) (range had local/ developed 92% 
(subgroup 0.9-5.0) loco-regional metastases 
analysis) recurrence 
Guazzzoni 44 Mean 5.1 Median Lap 3 patients 2 patientshad — 5-yr 5-yr OS 93.2% 
et al. (2010)66 2.14(range had loco- metachronous CSS100% 
(subgroup 0.5-4) regional recurrence* 
analysis) recurrence* 
Tanagho 35 Mean 6.3 Mean 2.5 (SD Lap 6-yr RFS 80% 6-yr MFS 100% 6-yr DFS 80% 6-yr 6-yr OS 76.2% 
et al. (2012)°” (SD 3.3) 0.98) CSS100% 
(subgroup 
analysis) 


*Although these patients received salvage therapy by RFA or radical nephrectomy, the authors did not include them in their analysis of recurrences. 


inclusion of patients with benign histologies, rendering interpret- 
ation of recurrence outcomes inconclusive.!> 7071 

As is evident from Tables 6.30.1 and 6.30.2, recent series includ- 
ing at least 30 patients and greater than 5 years of follow-up have 
reported outcomes for RFA®-® and cryoablation®”- at individ- 
ual institutions. A meta-analysis of these data could be of value in 
informing future recommendations for the role of these therapies 
in the primary management of Stage 1 RCC. Furthermore, recent 
studies with intermediate to long-term follow-up have helped to 
better inform patient selection criteria for energy ablative therapy. 
In the study by Best et al., following RFA of 108 biopsy-proven 
RCC tumours the, five-year overall disease-free survival for those 
with tumours <3 cm was 95%, significantly dropping to 78% for 
those with tumours 23 cm (p = 0.002).! Similarly, in the study by 
Psutka et al., five-year recurrence-free survival and overall disease- 
free survival after RFA in 143 patients with Tla RCC were 96.1% 
and 91.5%, respectively, compared with 91.9% and 74.5% in a com- 
parative group of 42 patients with T1b tumours.™ In the study by 
Tanagho et al., a subset of 35 patients with biopsy-proven RCC who 
underwent laparoscopic cryoablation with a mean (SD) follow-up 
of 76% months had a six-year overall disease-free survival of 80%. 
On a multivariate analysis, only tumour size 22.6 cm was a signifi- 
cant predictor of oncological failure (hazard ratio 28.9; 95% CI = 
1.1-794; p = 0.046).°° 

Surgical approach may be an important consideration influenc- 
ing oncologic outcomes for RFA and cryoablation. For RFA, only 
one study to date has specifically investigated comparative onco- 
logic outcomes for percutaneous vs. laparoscopic approaches. 
Young et al. reported that three-year RCC-specific radiographic 
recurrence-free probability for percutaneous vs. laparoscopic RFA 
was 92% vs. 91.5%, respectively (p = 0.84).”* Oncologic success 
(absence of viable tumour on post-ablation biopsy) in these groups 
was 94% vs. 100% (p = 0.16) for percutaneous vs. laparoscopic RFA 
respectively. Tumours treated by laparoscopic RFA were on aver- 
age 0.1 cm larger (p <0.05) and more likely anteriorly located.” In 
contrast, in a comparative multi-institutional study involving 145 
patients with a mean follow-up of about 38 months, Strom et al. 
reported a significantly increased risk of local recurrence in patients 
who underwent percutaneous vs. laparoscopic cryoablation (16.4% 


vs. 5.9%; p = 0.042).73 However, in this study, there was a signifi- 
cantly greater proportion of patients with biopsy-proven RCC in 
the percutaneous cryoablation group (76.4% vs. 58.3%; p = 0.035). 
Similar studies with shorter follow-up have reported statistically 
similar oncologic outcomes for percutaneous and laparoscopic 
cryoablation.”47> Additional studies with longer follow-up and 
with reporting of RCC-specific outcomes are needed to address the 
importance of surgical approach on treatment outcomes for ther- 
mal ablation. 


Treatment complications 


A recent meta-analysis classified postoperative complications into 
major urologic, major non-urologic, and minor complications. 
While partial nephrectomy had the highest rate of major urologic 
complications, there was no significant difference in the rate of 
major urologic complications between CA and RFA, which was 
4.9% and 6%, respectively. These complications included post- 
operative haemorrhage requiring transfusion or intervention, 
ureteral obstruction, urine leak, abscess, or unexpected loss of 
renal function. Haemorrhage occurs in less than 2% of patients 
following RFA, as the probe tract is ablated during probe with- 
drawal.° On the other hand, haemorrhage is the most commonly 
reported complication following CA, and often accompanies renal 
or tumour fracture.’ Risk factors for fracture appear to be large 
tumours and utilization of multiple probes,” and may lead to sig- 
nificant haemorrhage requiring transfusion in up to 17-38% of 
cases.”°9 If encountered during a laparoscopic CA, intraoperative 
bleeding can normally be controlled with hemostatic agents and 
pressure, although partial nephrectomy may be necessary in some 
cases.” Postoperative haemorrhage may present as flank pain, pro- 
longed ileus, and dropping haematocrit and can be confirmed by 
a non-contrast abdominal CT scan.> Management includes bed 
rest and serial hematocrits, with angioembolization rarely being 
necessary.° 

Complications involving the collecting system are rare. Ablation 
of tumours abutting the intrarenal collecting system rarely leads to 
urinary leakage.”°-78 However the renal pelvis and ureter should 
be clear of the ablation zone to avoid stricture formation and 
obstruction.® 
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In the meta-analysis by Campbell et al., major non-urologic 
complications were found to be more common following CA than 
RFA (4.9% vs. 4.4%). Bowel injuries are rare, particularly when 
ablation is restricted to tumours separated from bowel by >1 cm.67? 
Percutaneous hydrodistension, in which water is injected between 
the tumour and visceral structures, may be considered to increase 
separation distance from neighbouring vital structures. 

Minor complications from ablation include pain or paraesthesia 
at the cutaneous puncture site, mild haematuria, and urinary tract 
infections. 


Renal function outcomes 


Several series report preservation of renal function after CA and 
RFA.°80-84 Patients that may be at risk for renal functional decline 
are those with significant preoperative renal insufficiency or soli- 
tary kidneys, although even these patients generally have favour- 
able post-ablation renal function preservation.®*5.86 

Some studies have compared renal function outcomes of ablation 
and partial nephrectomy. Unlike partial nephrectomy, RFA and CA 
do not require hilar occlusion and warm ischaemia. On the other 
hand, ablation may result in greater loss of normal nephron mass as 
the zone of ablation typically extends 1 cm beyond the tumour. A 
recent study comparing renal function outcomes of patients under- 
going RFA, partial nephrectomy, or radical nephrectomy found 
radical nephrectomy to result in the greatest glomerular filtration 
rate (GFR) decline, while GFR loss after RFA and partial nephrec- 
tomy were not statistically different. The three-year freedom from 
Stage 3 chronic kidney disease progression for RFA, PN, and RN 
was 95.2%, 70.7%, and 39.9%, respectively (p <0.001).87 In a mul- 
ticentre study, patients with solitary kidneys undergoing RFA had 
a lower one-year GFR decline than for open partial nephrectomy 
under cold ischaemia (24.5% vs. 10.4%, p <0.001).8° These data 
suggest that RFA and CA have minimal impact on renal function, 
and are at least equivalent to nephron-sparing surgery. 


Novel ablative technologies 


RFA and CA for the treatment of small renal tumours have been 
a part of the clinical landscape for at least a decade and prelimin- 
ary data confirming their long-term efficacy has recently emerged 
and continues to mature. In recent years, several groups have add- 
itionally reported on a wide range of alternative ablative modali- 
ties, many of which have undergone preliminary evaluation in the 
clinical setting. Olweny and Cadeddu recently reviewed the litera- 
ture on novel methods for renal tissue ablation. Modalities such 
as microwave ablation, laser ablation, irreversible electroporation, 
high-intensity focused ultrasound, and MR-guided radiotherapy 
have undergone phase I or phase II evaluation at select centres, 
while promising techniques such as RCC electrovaporazation, and 
histotripsy have thus far only been evaluated in the experimental 
setting.8® Additionally, techniques aimed at improving the efficacy, 
ablation size and safety of RFA, including bipolar and multipolar 
ablation, have yielded preliminary promising results.®*°° A selec- 
tion of promising novel ablation technologies are reviewed below. 


Microwave ablation 


Although its use for renal tumour ablation is relatively recent, 
microwave energy has been used effectively for liver tumour abla- 
tion for several years. Microwaves oscillate at two to five times 


higher frequencies than RF waves resulting in more rapid tis- 
sue heating, higher tissue temperatures, and creation of larger 
lesions.°! Theoretical advantages of microwave energy over RF 
include a better convection profile given a broader power density 
field (up to 2 cm surrounding the antenna), thereby eliminating 
the need for reliance on efficient thermal conduction for heat dis- 
persion beyond a few millimetres from the ablation probe, as is 
characteristic of RFA. Furthermore, the larger heating zone and 
higher temperatures theoretically translate towards less suscepti- 
bility to heat sink effects.*! In initial small series, the use of micro- 
wave ablation (MWA) for primarily exophytic, biopsy-proven Tla 
RCC yielded 100% recurrence-free outcomes in the short term 
(median 6-11 months).?#93 However, in 10 patients unselected for 
tumour size or location, with tumours ranging in size between 2.0 
and 5.5 cm, Castle et al. reported a local recurrence rate of 38% 
after MWA at a mean follow-up of 17.9 months (range 14-24).?4 
Furthermore MWA was associated with a 40% postoperative com- 
plication rate, including three Clavien IIIb complications in two 
patients.°4 These findings suggest that before the broader advan- 
tages of MWA over RFA can be realized, additional technological 
improvements are needed, and its current use should be consid- 
ered investigational. 


Irreversible electroporation 


Irreversible electroporation (IRE) is a novel technique in which tis- 
sue ablation is created by the application of pulsatile, direct cur- 
rent high electrical voltages across cell membranes, resulting in 
membrane permeabilization by generation of ‘nanopores. Under 
certain electrical field conditions, the membrane permeabilization 
is reversible, a property exploited by several researchers over the 
past two decades for intracellular gene transfer and drug delivery.** 
Davalos et al. first described the ablative potential of IRE in 2005, 
which was previously regarded only as an undesirable side effect of 
reversible electroporation.*® In animal experiments of renal abla- 
tion with IRE, it was found to create discrete ablation lesions with 
NADH-confirmed cellular non-viability, with sparing of blood ves- 
sels and the collecting system.°”?* An interesting feature of IRE 
ablation is lesion resolution over time, thought to be related to 
absence of secondary ischaemia-related cell death in tissues within 
the ablation zone that results from small vessel destruction (e.g. as 
for the thermal modalities).?”°* The potential clinical significance 
of this finding is presently unknown, and requires further investi- 
gation. In a recent phase I proof-of-concept clinical study, IRE was 
found to be safe in humans when performed with full muscle par- 
alysis and electrocardiographic gating.” 


Laser ablation 


Although laser ablation has been successfully used for the ablation 
of malignant liver neoplasms for several years, only two studies 
to date have reported its use in renal tumour ablation.!0°!°! The 
study by Dick et al. demonstrated only reduction in, but not loss of 
enhancing tumour volume during a mean follow-up of 16.9 (3-32) 
months following MR-guided Nd-YAG laser ablation; however no 
disease progression was observed.! More recently, Kariniemi 
et al. reported 100% recurrence-free outcomes during a mean 
follow-up of 20 (12-30) months in eight patients with 10 Tla RCC 
tumours who underwent laser ablation using an Nd-YAG laser.10! 
Further evaluation in additional patients is warranted given these 
promising initial findings. 


Conclusions 


As the incidence of RCC continues to rise, with a preponderance of 
newly detected Stage 1 renal tumours, ablative therapies will play 
an increasingly important role among the management options for 
small renal masses. Emerging long-term data for RFA and CA sug- 
gest that treatment efficacy for these modalities is similar to that 
for extirpative surgical therapy. Pending further maturation of 
outcomes data, technological enhancements to improve efficacy 
for ablation of larger tumours, evaluation in diverse patient pop- 
ulations, better elucidation of patient selection criteria, improve- 
ments in techniques for detection and monitoring of recurrences 
and other considerations, their use presently remains restricted 
to elderly patients and/or patients with advanced co-morbidities 
who are poor surgical candidates. Emerging novel technologies 
demonstrate early potential to expand the renal ablative capabili- 
ties of energy-based ablative devices pending additional evaluation 
in experimental and clinical settings. Energy-based ablation car- 
ries a number of advantages over traditional surgical approaches, 
including lower morbidity, decreased technical demands, excellent 
preservation of post-treatment renal function and decreased cost. 
Future prospective randomized trials would be invaluable in better 
defining the clinical role of renal ablation in comparison to estab- 
lished alternative strategies. 
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CHAPTER 6.31 


Kidney cancer 


Treatment of locally advanced 
and low volume metastatic disease 


Tim O’Brien and Amit Patel 


Locally advanced renal cell cancer 


Venous involvement 


Macroscopic invasion of the renal vein or inferior vena cava is seen 
in approximately 5-10% of patients undergoing nephrectomy.!? 
Suspicion should be raised in patients with clinical signs of ven- 
ous obstruction (e.g. varicocoele, lower limb swelling, or dilated 
abdominal veins). Shortness of breath is usually seen if extension 
into the right atrium has occurred. 

The cephalad extension of venous thrombus is now classified into 
three stages (TNM 2010): stage 3a, into renal vein; 3b, extension 
into the inferior vena cava (IVC) below the diaphragm; 3c, exten- 
sion above the diaphragm. Many authorities advocate MRI as the 
best technique both for assessing tumour extent and for assessing 
the risk of venous wall invasion.4° Modern multiplanar computed 
tomography (CT) imaging is also very accurate. MRI and CT 
have replaced the need for invasive venocavography. Preoperative 
emobolization on the renal artery can be performed however 
Subramanian et al. found that this did not significantly reduce 
blood loss or complications from nephrectomy.® 

A number of different incisions can be employed dependent on 
the cephalad extent of the thrombus and the size of the primary 
tumour (see Fig. 6.31.1 for thrombus level). Level 1 or 2 throm- 
bus is usually best approached through an abdominal incision 
(ie. Subcostal, Mercedes, Chevron). Traditional nephrectomy 
techniques suffice for level 1 as long as ligation of the renal vein is 
confirmed to be clear of the tumour thrombus. A Satinsky clamp 
‘side-swiping’ the IVC allows division of the renal vein at its ost- 
ium. Level 2 thrombus often requires clamping of the IVC above 
and below the thrombus and control of the contralateral renal 
vein. Mobilization of the right lobe of the liver aids access as does 
division of small branches to the caudate lobe. If the thrombus is 
free floating the renal ostium is opened and thrombus removed. If 
the thrombus is adherent en bloc excision of part of or all of the 
IVC may be required with patching or grafting of the IVC (see 
Fig. 6.31.2.). Veno-veno bypass may be utilized to maintain the 
circulation when grafting is required.’ 

Level 3 thrombus requires extensive dissection and mobilization 
of adjacent organs. Access is often best achieved with a chevron 
and/or sternotomy incision. If thrombus can be milked back into 
the subdiaphragmatic IVC then the techniques employed in high 
level 2 thrombus may suffice but usually cardiopulmonary bypass 


and hypothermic circulatory arrest is the preferred option to allow 
extraction of the tumour in a contolled fashion from the IVC and 
right atrium. Twenty minutes of circulatory arrest at a temperature 
of 22°C seems to be associated with a very low chance of neuro- 
logical sequelae. Bypass techniques require anticoagulation and 
post surgical coagulopathy is a real risk. 

Around 40% of tumours with venous extension can be cured 
with aggressive surgical management alone.8-? If lymph nodes are 
involved or if the vein wall is directly invaded then the prognosis 
is worse.!° Most authors agree that the higher the thrombus in the 
IVC the worse the prognosis.?~!4 


Regional lymph nodes 


The role of lymphadenectomy in renal cell cancer (RCC) remains 
controversial. In a classic study Robson et al. showing 22.7% of 
lymph nodes to be positive in nephrectomy specimens but the lym- 
phadenectomy appeared to add no survival benefit.!5 A European 
Organisation for Research and Treatment of Cancer (EORTC) ran- 
domized trial showed little added morbidity from lymphadenec- 
tomy for clinical NO patients but no benefit was seen in oncological 
outcome.!6 

When nodes are obviously involved more distant metastases 
are often present and this may explain why lymphadenectomy 
in this scenario is thought to be rarely beneficial. Conversely, 
Canfield et al. performed lymphadenectomy in 54 patients with 
clinical node positive, non-metastatic disease with a median sur- 
vival of 20.3 months.!” In the absence of a randomized trial in 
this particular scenario, the true benefits in oncological outcome 
cannot be confirmed. The advantages may lie in targeting these 
patients for trials of adjuvant treatment and for better estimates 
of prognosis. 


Adjacent organ infiltration 


Pathological infiltration of adjacent organs represents 2% of surgi- 
cal cases.!8 On the left this may be spleen, colon, adrenal, pancreas, 
or duodenum; and on the right, adrenal, colon, liver, or duodenum. 
These patients often present with pain from infiltration of the pos- 
terior abdominal wall and paraspinous muscles. Direct infiltration 
of the liver is often suspected from preoperative imaging but rarely 
confirmed at surgery. In the absence of metastasis, en bloc resection 
of the kidney and adjacent infiltrated organs is usually indicated 
but outcomes remain poor: Karellas et al. demonstrated that 90% 
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Fig. 6.31.1 The Mayo classification of macroscopic venous invasion in renal cell carcinoma. Level l: tumour thrombus is either at the entry of the renal vein or within the 
inferior vena cava (IVC). Level Il: thrombus extends within the IVC >2 cm above the confluence of the renal vein and IVC but still remains below the hepatic veins. Level 
Il: thrombus involves the intrahepatic IVC. The size of the thrombus ranges from a narrow tail that extends into the IVC to one that fills the lumen and enlarges the IVC. 
Level IV: thrombus extends above the diaphragm or into the right atrium. 

Reprinted from European Urology, Volume 52, Issue 3, Ziya Kirkali and Hein Van Poppel, ‘A Critical Analysis of Surgery for Kidney Cancer with Vena Cava Invasion’, pp. 658-662, Copyright © 2007 
European Association of Urology, with permission from Elsevier, http://www.sciencedirect.com/science/journal/03022838 


Fig. 6.31.2 En bloc resection and grafting of the inferior vena cava. 


753 


754 


SECTION 6 ONCOLOGY 


recurred within 12 months of surgery.!8 Surgery can only be con- 
sidered in patients with a good performance status. 

The role ofincomplete resection or debulking of a tumour appears 
limited. De Kernion et al. in their series showed only a 12% survival 
at 1 year.!? Resection of locally advanced disease is a major under- 
taking and should only be considered in fit patients with curative 
intent. Occasionally nephrectomy in this setting may be the only 
satisfactory method of controlling haematuria. Perioperative radio- 
therapy is not thought to be of benefit”? and the hazards from irra- 
diating adjacent small bowel are considerable. 


Adjuvant therapy 


Isolated local recurrence following a curative nephrectomy occurs 
in only 2-5% of patients but metastases develop in up to 50% 
depending on primary stage and grade.?!-?? Metastasectomy of 
single metastases is an option but the evidence base is not strong. 
Thus, there is a convincing rationale for the use of systemic agents 
in the adjuvant setting in high-risk patients. 

RCC is not sensitive to conventional chemotherapy. The poor 
response rate has been attributed to the P-glycoprotein, which 
is a product of the multidrug resistance gene MDR1, an energy- 
dependant drug efflux pump, which is uniformly expressed in 
RCCs.”8 

Immunotherapy in the form of IL-2 and interferon (IFN) are 
thought to be active in tumour suppression. Response rates of 15- 
20% have been seen in this setting.24?° Four randomized control 
trials have been performed, three with IFN-a and one with IL2. 
None of these studies were able to demonstrate a survival benefit 
from immunotherapy.7°-29 

There has been work in use of autologous vaccine-based 
approaches to vaccinate patients in the postoperative period but 
with no success. The Oncophage trial reported no benefit. 

Currently trials investigating the use of targeted molegular agents 
such as the tyrosine kinase inhibitors and m-TOR inihibitors are 
under investigation in the adjuvant setting. 


Cytoreduction 


In the era of multimodal therapy, the role of cytoreductive neph- 
rectomy continues to be explored. It is thought that a bulky pri- 
mary tumour might inhibit the immune system which is critical 
for innate mechanisms to combat tumours. There have been rare, 
well described instances of disease regression of metastatic deposits 
after nephrectomy!-*4 and pre-clinical data suggests large primary 
tumours may inhibit T-cell function.*>° Systemic agents such as 
cytokines may also be less effective in the presence of a large pri- 
mary tumour.?” 

The potential immune benefits of a cytoreductive nephrectomy 
have to be set against the morbidity and occasional mortality from 
the procedure and the potential delay to the delivery of systemic 
therapy. Nephrectomy alone in the context of metastatic disease is 
not thought to improve outcomes. A further concern about patients 
managed with cytoreductive intent is that many patients may never 
receive the planned systemic treatment: a review of patients who 
underwent nephrectomy and proposed IL-2 therapy showed only 
55% of patients received the adjuvant treatment. Surgical mor- 
bidity and rapid disease progression were common factors for 
failure of delivery.** The SWOG 8949 trial, examining interferon- 
a-2b alone versus cytoreductive nephrectomy and interferon-a-2b 


showed an overall survival improvement of 3 months in the arm 
undergoing nephrectomy.*? The benefit of cytoreductive neph- 
rectomy in the tyrosine kinase inhibitor (TKI) era is not known, 
but is being tested in large trials, CARMENA (NCT00930033) & 
SURTIME(NCT01099423). 


Metastasectomy 


Local recurrence after nephrectomy remains a rare event and in 
published series is reported between 2-4%.4°-44 The strongest 
risk factors for development of local recurrence appear to be clin- 
ical T-stage, grade, and nodal involvement. Recurrence following 
nephron-sparing surgery for renal cancer is more common and 
is seen up to 25% in pT3 cases.‘ Intrarenal recurrence following 
nephron-sparing surgery should be treated as de novo tumour. 
Currently treatment of isolated local recurrence should be man- 
aged with surgical resection. Aggressive surgical resection can 
result in a 30% five-year disease-free survival.42-43,46-49 The caveat 
is that surgical resection should be radical and complete with en 
bloc resection of adjacent/infiltrated organs as these studies have 
shown that positive surgical margins lead to poorer outcomes.4650. 

Metastasectomy has been reported by several groups in patients 
with low volume metastatic disease, showing favourable disease- 
free intervals, and overall survival. Kavolius et al. published a series 
of 141 patients from Memorial Sloan Kettering Cancer Center, who 
underwent complete or incomplete metastasectomy. In this series 
complete resection was associated with a five-year overall survival 
of 44%. Favourable prognostic factors were a solitary metastatic 
lesion, age younger than 60 years, and a disease-free interval of 
more than 1 year.>! Metastasectomy has not been considered in a 
prospective randomized trial, and reported series could be biased 
by patient selection and tumour biology. However, resection of iso- 
lated metastasis seems pragmatic in patients with reasonable per- 
formance status. 


Palliative surgery 


In some patients who are heavily symptomatic, palliative neph- 
rectomy can be performed. Disappointingly not all paraneoplastic 
manifestations will improve post operatively. Patients who seem to 
benefit most are those with painful skeletal metastases managed by 
excision and prosthetics. 


Conclusions 


Surgery remains the main therapeutic option for patients with 
locally advanced disease and those with symptomatic renal tumours 
with low volume metastases. Clinical trials are currently evaluating 
the efficacy of surgery in combination with modern systemic ther- 
apy (such as the tyrosine kinase inhibitors and m-TOR inihibitors). 
Careful patient selection and surgical team experience are vital to 
obtain the best results for patients. 
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CHAPTER 6.32 


Treatment of metastatic 


renal cancer 


Han Hsi Wong, Basma Greef, and Tim Eisen 


Introduction to treating metastatic 
renal cancer 


Historically, 30% of patients with renal cell carcinoma (RCC) pre- 
sent with metastatic disease at the time of diagnosis. Recent data 
suggested that this figure is changing, with a rising incidence of 
overall RCC cases and a decline in the incidence of metastatic 
disease at diagnosis to approximately 14%.! This is largely attrib- 
uted to the increased use of radiological imaging. The commonest 
site of metastasis is the lungs (75%), but involvements of the bone 
(30%), liver (25%), brain (7%), and lymph nodes (30-70%) are also 
common.?-® The management of renal cancer is challenging as it 
is relatively insensitive to conventional chemotherapy and radio- 
therapy. Although outcome of those with metastatic disease is still 
poor, improved diagnostic and surgical procedures, coupled with 
the increased understanding of the molecular biology of RCC and 
the development of targeted agents, have doubled median survival 
(MS) from 10 to 22 months for patients with intermediate risk.? 

The major histological subtypes of RCC are the clear cell 
(75%) and non-clear cell tumours (types I and II papillary—12%; 
chromophobe—4%; collecting duct—<1%; oncocytoma, a benign 
variant—4%, and unclassified histology -3-5%).!° The biology of 
renal cancer is highly variable and some patients with relatively 
indolent disease can be safely monitored for years. As such, several 
factors should be considered when deciding on the appropriateness 
and timing of treatment, including the patient's performance status, 
co-morbidities, site, and volume of disease, rate of disease progres- 
sion, and prognostic scores. 


Prognostic score in metastatic disease 


Prediction of a patient’s outcome by means of a reliable, validated 
prognostic system is important to help select patients for spe- 
cific treatment options, including surgery, systemic therapy, or to 
enter into clinical trials. One of the earliest prognostic models is 
the Memorial Sloan-Kettering Cancer Center (MSKCC) or Motzer 
score.!! In a study of 670 patients, patients were scored, based on 
the following risk factors: 


+ Karnofsky performance status <80% 

+ Haemoglobin <lower limit of normal 

+ Corrected calcium >10 mg/dL (2.5 mmol/L) 

+ Lactate dehydrogenase (LDH) >1.5x upper limit of normal 


+ Absence of prior nephrectomy 


A score of 0, 1 to 2 and >=3 were found to be associated with MS 
of 20, 10, and 4 months, respectively. This system was later modi- 
fied after the benefit of interferon (IFN)-a was shown after neph- 
rectomy.! Instead of ‘absence of prior nephrectomy’, the ‘interval 
from disease diagnosis to therapy of <1 year’ was used in the scor- 
ing system. A score of 0, 1 to 2, and >=3 were associated with MS 
of 30, 14, and 5 months, respectively. An MSKCC score of patients 
previously treated with systemic therapy for metastatic disease has 
also been developed, for which low Karnofsky performance status, 
low haemoglobin, and high corrected calcium were identified as 
adverse features—a score of 0, 1, and 2 to 3 predicted MS of 22.1, 
11.9, and 5.4 months, respectively.!3 

The MSKCC system was subsequently validated and elaborated by 
investigators at the Cleveland Clinic Foundation (CCF), which stud- 
ied 353 patients entered into clinical trials involving immunotherapy. 
This consists of four prognostic factors from the modified MSKCC 
score (Karnofsky performance status was excluded) and four add- 
itional factors of prior radiotherapy, presence of hepatic, pulmonary, 
or retroperitoneal lymph node metastases (Table 6.32.1).'4 


Table 6.32.1 CCF-extended MSKCC prognostic system for patients 
with metastatic renal cell carcinoma 


Score Risk 1-year survival Median survival (months) 
0=1 Favourable 81% 26 

2 Intermediate 58% 14.4 

23 Poor 23% 73 


Score one for each of: 

Haemoglobin <lower limit of normal 

Corrected calcium >10 mg/dL (2.5 mmol/L) 
Lactate dehydrogenase >1.5x upper limit of normal 
Interval from diagnosis to study entry of <1 year 
Prior radiotherapy* 

Hepatic metastasis* 

Pulmonary metastasis* 


Retroperitoneal lymph node metastasis* 


*Additional prognostic markers added to the MSKCC score 


Source: data from Mekhail, T. M. et al, ‘Validation and extension of the Memorial Sloan- 
Kettering prognostic factors model for survival in patients with previously untreated 
metastatic renal cell carcinoma’, Journal of Clinical Oncology, Volume 23, Number 4, 

pp. 832-41, Copyright © 2005 American Society of Clinical Oncology. 
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Table 6.32.2 Prognostic factors in patients with metastatic renal cell 
carcinoma treated with VEGF-targeted agents 


Score Risk 2-year survival Median survival (months) 
0 Favourable 75% >48 

1-2 Intermediate 53% 27 

3-6 Poor 7% 8.8 


Score one for each of: 

Karnofsky performance status <80% 
Haemoglobin <lower limit of normal 
Calcium >upper limit of normal 
Neutrophil count >upper limit of normal 
Platelet count >upper limit of normal 


Time of diagnosis to systemic therapy of <1 year 


Source: data from Heng, D. Y. C. et al, ‘Prognostic factors for overall survival in patients with 
metastatic renal cell carcinoma treated with vascular endothelial growth factor-targeted 
agents: results from a large, multicenter study; Journal of Clinical Oncology, Volume 27, 
Number 34, pp. 5794-9, Copyright © 2009 American Society of Clinical Oncology. 


Since the development of agents targeting the vascular endo- 
thelial growth factor (VEGF) pathway, a new prognostic scoring 
system was developed by Heng et al. to reflect the current treat- 
ment paradigm for patients with metastatic RCC.!5 The Database 
Consortium Model was based on the outcome of 645 patients 
treated with sunitinib (61%), sorafenib (31%), and bevacizumab 
(8%). This is summarized in Table 6.32.2, where neutrophil and 
platelet counts were also considered as prognostic factors. This 
model was subsequently validated in an independent multinational 
data set including 849 patients treated with antiangiogenic targeted 
therapies, with a MS of 43, 22.5, and 7.8 months in good, inter- 
mediate, or poor prognosis groups.!® 

In a crowded field in which there were a number of different 
prognostic scoring systems in use, the International Kidney Cancer 
Working Group sought to develop a unified prognostic model using 
an international database of 3,748 patients with metastatic RCC.!” 
Nine clinical factors were used: days from diagnosis to start of treat- 
ment; Eastern Cooperative Oncology Group (ECOG) performance 
status; number of metastatic sites; prior immunotherapy; haemoglo- 
bin, LDH, and white blood count; alkaline phosphatase and serum 
calcium. MS for the favourable, intermediate, and poor-risk groups 
are 26.9, 11.5, and 4.2 months, respectively. The formula for risk calcu- 
lation is more complex than the other models. Moreover, cross-model 
comparison has shown that it yields patient classification similar to 
simpler models, such as the Database Consortium Model.!® 

It is important to note that a patients prognosis is dynamic and 
it changes with time, such that someone who remains alive after 
a period of time on treatment will have a better prognosis than 
someone who is newly diagnosed—this concept is known as con- 
ditional survival. Harshman et al. have demonstrated that for 
patients with metastatic RCC commenced on targeted therapy, the 
two-year conditional survival probability increased from 44% at 
0 months to 51% at 18 months since the beginning of treatment. 18 
After extensive investigation in large data sets, prognostic models 
based on clinical parameters have most likely reached the limit of 
their accuracy. Further improvements in the accuracy of prognostic 
models will most likely depend on the identification of prognostic 
biomarkers. !¢ 


Surgery in metastatic disease 


Patients who presented with metastatic RCC or who developed 
recurrent/metastatic disease after initial treatment are usually 
treated with systemic therapy. However, surgery may be beneficial 
in selected patients in one of the following: 


+ Palliative nephrectomy for symptom control 
+ Cytoreductive surgery to reduce the tumour burden 


+ Metastasectomy for solitary or limited number of metastases 


Nephrectomy 


Nephrectomy is indicated in good or intermediate performance 
status patients with uncontrolled haematuria and/or pain from the 
primary tumour. Angioinfarction is a less invasive alternative for 
inoperable patients. Significant systemic symptoms such as fatigue, 
hypercalcaemia, and fever may sometimes be improved by neph- 
rectomy. However, these are often best treated with systemic ther- 
apy as the surgical outcome is likely to be poor in patients with 
these problems and the symptoms often remain due to the presence 
of residual metastatic disease. While the regression of metastases 
has been reported after nephrectomy in <1% of cases (mainly in the 
lungs), the surgical morbidity and 2% mortality rate means that this 
must not be the sole indication for debulking surgery.!? 

For patients with good performance status, cytoreductive neph- 
rectomy prior to cytokine treatment has been shown to confer 
survival benefit. Nevertheless, these trial data are mainly of his- 
torical interest, since cytokine immunotherapy has now largely 
been superseded by the molecularly targeted agents. Two trials 
had randomized patients with metastatic RCC to undergo radical 
nephrectomy, followed by therapy with IFN-a, or to receive IFN-a 
alone—the Southwest Oncology Group (SWOG)-8949 trial of 241 
patients?° and the smaller European Organization for Research 
and Treatment of Cancer (EORTC)-30947 trial of 83 patients.?! 
Combined analysis of these two trials demonstrated an MS of 
13.6 months with nephrectomy, compared to 7.8 months with- 
out, representing a 31% decrease in the risk of death (p = 0.002).?? 
Metastatic non-clear cell carcinoma has a worse prognosis than 
clear cell carcinoma in patients who underwent cytoreductive 
surgery.” 

In contrast to the lack of response of the primary tumour with 
cytokine-based immunotherapy, significant tumour shrinkage 
has been observed with antiangiogenic tyrosine kinase inhibi- 
tors (TKIs).?4?° The improved efficacy and tolerability of these 
treatments has prompted the re-evaluation of the need and tim- 
ing nephrectomy in patients with advanced and metastatic RCC. 
In a retrospective study of 314 patients treated with targeted 
therapy, those who underwent cytoreductive nephrectomy had 
a much longer survival compared to those who did not (19.8 vs. 
9.4 months).*° Two phase III trials were designed to define the roles 
of nephrectomy and molecularly targeted agents. Both trials faced 
recruitment challenges. The CARMENA (Clinical Trial to Assess 
the Importance of Nephrectomy) study continues to recruit and 
aims to compare nephrectomy and the tyrosine kinase inhibitor 
sunitinib versus sunitinib alone in patients with metastatic disease. 
The EORTC SURTIME 30073 trial stopped recruitment and aimed 
to compare immediate nephrectomy followed by sunitinib versus 
pre-surgical sunitinib followed by nephrectomy and sunitinib. Until 
evidence from randomized trials is available, there is no current 


consensus as to whether cytoreductive nephrectomy should be per- 
formed prior to the initiation of systemic therapy. Careful patient 
selection is essential, as patients may run the risk of not being able 
to receive targeted agents due to rapid disease progression or post- 
surgical complications. If the novel immunotherapeutic therapies 
discussed below become established first-line treatments, then 
debulking surgery prior to immunotherapy is likely to return as a 
frequent indication. 

The retroperitoneal lymph nodes are the commonest regional 
site of metastasis. The presence of nodal involvement in patients 
with metastatic RCC undergoing cytoreductive nephrectomy has 
an adverse effect on survival and response to subsequent immuno- 
therapy.?”8 One retrospective analysis reported an improvement 
in survival in patients with radiological evidence of nodal involve- 
ment, who had lymph node dissection (LND) but no benefit found 
for patients undergoing prophylactic dissection.” This finding was 
not reproduced by another retrospective series which showed no 
benefit for LND.*° This remains an area of controversy in the sur- 
gical management of metastatic renal cancer, in the absence of pro- 
spective, randomized trial data. 


Metastasectomy 


There is an important role for metastasectomy in a highly selected 
population of patients. In one series, resection of solitary metasta- 
sis could lead to survival of five years or more in about a third of 
patients.*! For most patients the realistic benefit of surgery is to 
remain free of disease and to spare systemic therapy and its side 
effects for a significant period of time. 

In a retrospective study, 278 patients either underwent resection 
of all metastases with curative intent, partial resection of metastatic 
disease, or were treated non-surgically.! The respective five-year 
survival rates were 44%, 14%, and 11%. Predictors of prolonged 
survival include disease-free interval from nephrectomy to the 
detection of metastasis of >1 year, solitary rather than multiple sites 
of metastases, and age of <60 years. Survival rates after complete 
resection of second and third metastases were not different com- 
pared with initial metastasectomy. Resection of isolated metastases 
to soft tissue sites gave the best result (five-year survival of 75%), 
followed by glandular sites (thyroid, salivary, pancreas, adrenal, 
and ovary—63%), pulmonary (54%), bone (40%), and brain (18%) 
metastases. 

Surgical excision of metastatic RCC in the bone could be per- 
formed for local tumour control, pain relief, and improving func- 
tion.*? In a retrospective series, 295 patients with RCC and bone 
metastases underwent surgical procedures that include curettage 
with cementing and/or internal fixation, en bloc resection, closed 
nailing, and amputation.*? The overall one- and five-year survival 
rates were 47% and 11%, respectively. The best results were seen in 
patients with clear cell histology and with solitary bone metastasis, 
or multiple but bone-only metastases. 

Surgery for brain metastasis may provide symptom relief from the 
mass effect of the tumour. It could also result in long-term survival. 
In a series of 138 patients, removal of solitary brain metastasis was 
found to be associated with a recurrence-free survival of 13 months 
compared to four months for those who had >1 lesions.*4 

Lee et al. described 31 patients with metastatic RCC who relapsed 
after an initial response to IL-2.35 These patients underwent metas- 
tasectomy on disease relapse, resulting in a two-year progression- 
free survival (PFS) of 37%. The evidence for metastasectomy in 
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patients who had received targeted therapy is lacking, arising from 
small retrospective case series. In a small study of 22 patients, 11 
patients were disease-free at a median of 43 weeks after surgery.*° 
Metastatic sites include the retroperitoneum, lungs, adrenal glands, 
bowels, mediastinum, bone, brain, and inferior vena cava. Overall, 
21 patients were still alive at a median follow-up of just over two 
years. Orlova et al. recently reported a larger cohort of 147 patients, 
47 of whom underwent incomplete metastasectomy followed by 
targeted therapies, while the remainder were treated with targeted 
therapies alone.*” There was improved PFS to first-line treatment 
in the metastasectomy patients (p = 0.018) but no significant dif- 
ference in overall survival between the groups, in this albeit small 
sample. Retrospective data of this type are open to selection bias 
and should be interpreted with caution, but in the absence of rand- 
omized evidence serve to aid the discussion between clinician and 
patient. 

There is a balance to be drawn between offering surgery imme- 
diately once a solitary metastasis is noted and waiting for a period 
of observation to ascertain that the behaviour of the disease is truly 
oligometastatic. Immediate surgery runs a significant risk of prov- 
ing futile since many patients will quickly develop further metasta- 
ses. Too long a period of observation runs the risk of missing the 
opportunity of removing all macroscopic disease. Our practice is 
to monitor patients with a single or limited number of resectable 
metastases at presentation for three to six months before metasta- 
sectomy is considered. This is especially so for patients who are at 
risk of surgical complications (e.g. poor performance status, sig- 
nificant co-morbidities) or whose disease is expected to progress 
rapidly. Systemic treatment with molecularly targeted agents is 
more suitable for these patients. However, one must also take into 
account the risk of a resectable lesion becoming unresectable due to 
local disease progression, such as central thoracic lesions. 


General non-surgical management 
of metastatic disease 


Interventional radiology 


Interventional radiological procedures provide an alternative to 
surgery in local tumour control and symptom palliation. These 
include arterial embolization or angioinfarction, cryoablation, and 
radiofrequency ablation (RFA). So far, no randomized trial has 
compared these techniques with surgery in metastatic RCC. 
Several case series have consistently shown the effectiveness 
of renal artery embolization in improving pain and controlling 
intractable haematuria from the primary tumour, with no survival 
benefit.38-43 Embolization agents used include metallic micro- 
coils, acrylic gelatine microspheres, polyvinyl alcohol particles, 
absolute ethanol, and gelatine sponge. A common complication of 
this procedure is postinfarction syndrome, characterized by flank 
pain, fever, nausea, and vomiting, which is usually self-limiting.>° 
Selective arterial embolization can also be used for local tumour 
control or haemostasis in cases such as disease infiltration into the 
gastrointestinal tract, bone, and pulmonary metastases.44-4” 
Cryoablation is the destruction of tissue by freezing to sub-zero 
temperatures. In a small study of 27 patients, multisite cryoabla- 
tion of oligometastatic RCC was associated with low complication 
and local tumour recurrence rates.4® RFA destroys tissue by using 
heat generated from high-frequency alternating electric current on 
the RFA probe, and has been used in the palliative setting for the 
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destruction of lung metastases and in the control of painful bone 
lesions in combination with oesteoplasty.4?-*4 


Radiotherapy 


Radiotherapy can be given in the palliative setting for pain asso- 
ciated with bone metastasis, spinal cord compression, and brain 
metastasis. For patients with multiple brain metastases, whole- 
brain radiotherapy offers symptom control but no survival bene- 
fit.°3-55 Patients with up to three brain metastases of up to 2 cm 
in size may be treated with stereotactic radiosurgery. Although 
disappearance of the tumour is unusual, a tumour control rate as 
high as 96% has been reported.**->* An early ‘good’ response to 
radiosurgery—defined as 75% radiological tumour shrinkage one 
month after treatment—has been reported to be associated with 
prolonged MS (18.0 months vs. 9.0 months, p = 0.025).°° 


Bisphosphonates for bone metastasis 


Intravenous bisphosphonates can be useful in pain from metastatic 
disease. A randomized phase III trial of 773 patients with bone metas- 
tases secondary to solid tumours other than breast or prostate cancer 
has demonstrated the efficacy of zoledronic acid in reducing skeletal- 
related events (SREs) (i.e. pathological fracture, spinal cord compres- 
sion, bone pain requiring radiotherapy, and orthopaedic surgery). 
In a subset analysis of 74 patients with RCC, zoledronic acid was 
found to significantly reduce the proportion of patients with SREs, 
skeletal morbidity rate, and time to progression of bone lesions. The 
risk of developing an SRE was reduced by 61% compared to placebo. 
There was a non-statistically significant trend towards improved sur- 
vival in the group that received zoledronic acid (p = 0.179). 

Pre-clinical and early clinical studies have shown that zole- 
dronic acid has antitumour properties that might improve the 
survival of patients with metastatic RCC.6%64 A retrospective 
study of 76 patients suggested that the use of bisphosphonates in 
addition to sunitinib in patients with bone metastases from RCC 
might improve disease response and survival, compared to those 
who were not on bisphosphonates.® A possible survival benefit 
of zoledronic acid has also been suggested in trial of 45 patients 
(one-year survival of 80.8% compared to 59.1% for those who did 
not receive zoledronic acid, respectively; p = 0.0034).°° The phase 
II RAZOR trial of RAD001 (everolimus) and zoledronic acid in 30 
RCC patients with bone metastases demonstrated a longer survival 
for those who received combination treatment (7.5 months), com- 
pared to the everolimus-only group (5.4 months), although this was 
not statistically significant (p = 0.11).°” 

Denosumab, a human monoclonal anti-receptor activator of 
nuclear factor x-B ligand antibody given subcutaneously, has been 
found to be at least as effective as zoledronic acid in preventing 
SREs in patients with metastatic cancer to the bone or myeloma. 
In this randomized trial of 1,776 patients, 9% had RCC. 


Systemic treatment of metastatic clear 
cell carcinoma 


Systemic treatment of metastatic clear cell RCC has come full circle. 
An initial era of cytokine-based immunotherapy was followed by the 
widespread adoption of molecularly targeted agents in the mid-2000s. 
In recent years, there has been a resurgence of the role of immuno- 
therapy, this time based on T-cell checkpoint modifiers. The treatment 
algorithm based on current evidence is summarized in Table 6.32.3. 


Table 6.32.3 Treatment algorithm for metastatic renal cell carcinoma 
(RCC) based on current evidence. Risk categories refer to MSKCC 
metastatic RCC prognostic groupings 


Good risk Intermediate risk Poor risk 
Ist line Preferred: Preferred: Temsirolimus 

Pazopanib Pazopanib 

Sunitinib Sunitinib 

Selected patients: 

HD-II2 Selected patients: 

Bevacizumab + IFN-a Bevacizumab + 

IFN-o 

2nd Line ivolumab Nivolumab Nivolumab 

Axitinib Axitinib 

Lenvatinib and Lenvatinib and 

everolimus everolimus 


Cabozantinib 


Sorafenib 


Cabozantinib 


Sorafenib 


The immune system: Cytokine therapy and T-cell 
checkpoint inhibitors 


The immune system plays an important role in cancer develop- 
ment and progression, particularly the T-lymphocytes. The 
terms ‘cancer immunosurveillance’ and ‘cancer immunoediting’ 
are often used to describe how precancerous or cancerous cells are 
being detected and eliminated by the immune system.”° Normally, 
the activation and proliferation of lymphocytes are regulated 
by interaction of the peptide-antigen-major histocompatibility 
complex with the T-cell receptor. The resulting immunological 
response will also depend on the balance between the binding 
of co-stimulatory and co-inhibitory molecules to other recep- 
tors found on T-cells. Binding of CD80 and CD86 to CD28 on 
T-cells will result in activation, whereas binding of these ligands 
to cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) can 
downregulate T-cell responses. Similarly, the programme death- 
ligand 1 (PD-L1 or B7-H1) can also bind to its receptor PD-1 on 
activated T-cells and immune cells to dampen the immunological 
response.’! Within these complex interactions, when tumours 
progress they often develop ways to escape immune recognition 
and to downregulate the immune system.”? For example, overex- 
pression of PD-L1 by tumour cells has been found to promote T- 
cell apoptosis.” 

The immune system is also tightly regulated by small proteins 
called cytokines, which are secreted by a variety of cells and medi- 
ate their effects by binding to cellular receptors. The rationale 
behind their use in cancer treatment is to stimulate an adequate 
and sustained T-cell and natural killer-cell-mediated antitumour 
immunity. IFN-a also has an antiangiogenic effect.”4 


Interferon-a 

The activity of IFN-a monotherapy has previously been evalu- 
ated in a number of large randomized clinical trials.2°7>-78 
A Cochrane meta-analysis by Coppin et al. that included four 
studies involving 644 patients showed that IFN-a improved 
the survival of patients with advanced RCC by a median of 
3.8 months, with a reduction of one-year mortality by 44% and a 
26% risk reduction of death during the first two years compared 


to controls.’? The dose range was between 5 to 18 MIU subcuta- 
neously, three times weekly. 

Combination treatment of IFN-a with IL-2, cis-retinoic acid 
or chemotherapy has not been shown to improve overall survival 
compared to IFN-a monotherapy.8°-8> IFN-a therapy is charac- 
terized by slow partial response (about four months for objective 
response) and this seldom persists for more than a year. Common 
side effects include fatigue and flu-like symptoms, but treatment is 
generally well-tolerated. Its role in the monotherapy of advanced 
RCC has now been largely replaced by the more effective molecu- 
larly targeted therapies. However, it is still used in combination 
with bevacizumab in the first-line treatment of metastatic RCC. 


Interleukin-2 

A multicentre French study randomized 425 patients with meta- 
static RCC to receive either IL-2 (five-day continuous intravenous 
infusion at 18 MIU/m?/day), IFN-a (18 MIU subcutaneously three 
times a week), or both (with IFN-a dose at 6 MIU three times a 
week).’> Although response rate was much higher in the combin- 
ation therapy group at 10 weeks (18.6% compared to 6.5% with 
IL-2 and 7.5% with IFN-a, respectively), there were no statistic- 
ally differences in MS (Table 6.32.4). Toxicities were more frequent 
with high-dose IL-2, including moderate-to-severe hypotension 
(secondary to vascular leak syndrome), fever, nausea/vomiting, 
diarrhoea, as well as a range of respiratory (e.g. dyspnoea), renal/ 
electrolyte (e.g. oliguria), and neurological (e.g. confusion, agita- 
tion) abnormalities. 

In another study, Yang et al. randomized patients to receive either 
intravenous high-dose IL-2 (720,000 IU/kg/8 hourly), intravenous 
low-dose IL-2 (72,000 IU/kg/8 hourly), or low-dose subcutaneous 
IL-2 daily (Table 6.32.4).8° Response rate was significantly higher 
in the high-dose group, that is, 21% compared to 13% in the low- 
dose intravenous group (p = 0.048), and 10% in the subcutaneous 
group (p = 0.033). Although there was no difference in OS, the 
duration of response and survival was superior in the high-dose 
group, which achieved a complete response (p = 0.04), but at the 
expense of more toxicities. A subsequent randomized study by the 
Cytokine Working Group compared high-dose IL-2 (600,000 IU/ 
kg/8 hourly) intravenously with subcutaneous IL-2 and IFN-a in 
192 patients with metastatic RCC.87 This trial showed that high- 
dose treatment has a higher response rate (23.2% vs. 9.9%) and 
longer OS (17.5 vs. 13 months), although the latter was not stat- 
istically significant (Table 6.32.4). However, patients with bone 
or liver metastases, or a primary tumour still in place achieved a 
significantly higher response rate and survival with high-dose IL- 
2 compared to subcutaneous IL-2 and IFN-a. In addition, seven 
out of eight patients who initially achieved a complete response to 
high-dose IL-2 were able to sustain this after three years. The pro- 
spective cohort SELECT trial failed to validate other histological 
features that might predict patient’s response to IL-2.88 

In summary, high-dose IL-2 is an option for carefully selected 
patients who are expected to tolerate the toxicities associated with 
the treatment, due to its ability to induce a long-lasting response 
in a small subset of patients. Treatment with IL-2 requires hospital 
admission to a ward with close monitoring equipment and staff, 
and which can provide inotrope support when necessary. Patient 
selection criteria may include age of <60 years, good performance 
status, lack of significant co-morbidities, clear cell histology, lack of 
sarcomatoid features, >1 year since nephrectomy, a limited number 
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of sites of metastasis, the absence of bone or liver metastases, and 
psychological motivation for intensive therapy.’>8%° 


Nivolumab 

The last few years has seen the introduction of T-cell check point 
inhibitors (TCCIs—a new class of treatments targeting the inter- 
action between T-cells and tumour cells), to enhance the immune 
antitumour response. A number of drugs of this class have shown 
promise in clinical development (see “Therapies in development), 
but nivolumab is the first to have attained regulatory approval and 
be adopted into clinical practice in RCC. Nivolumab (Opdivo’, 
Bristol Myers-Squibb) is a fully human IgG4 programmed death 1 
(PD-1) inhibitor. The Checkmate 025 trial randomized 821 patients 
with advanced clear cell RCC, who had received one or two previ- 
ous lines of TKI treatment to nivolumab (3 mg/kg intravenously 
every two weeks) or everolimus.°! Median OS was significantly 
prolonged in the nivolumab group (25.0 months vs. 19.6 months, 
p = 0.0018) (Table 6.32.4). In subgroup analyses, benefit from 
nivolumab was found to be independent of MSKCC prognostic 
group and of PD-L1 expression in the tumour. Nivolumab was rela- 
tively well-tolerated with a grade 3 or 4 toxicity rate of 19%, versus 
35% for everolimus. Gastrointestinal, skin, and pulmonary toxici- 
ties predominate, but as the toxicities of this class of drug are largely 
autoimmune in origin due to the loss of self-tolerance, any organ 
can be affected. Therefore, vigilance for a wide range of rare and 
unusual toxicities is important. Other TCCI-based regimens are in 
clinical development. These include ongoing trials of dual TCCI- 
blockade and combinations with TKIs and with bevacizumab (see 
“Therapies in development, below). 


Tyrosine kinase inhibitors 


The von Hippel-Lindau (VHL) gene product forms part of a protein 
complex with ubiquitin ligase activity that ‘marks’ a specific target 
protein for degradation. One of its targets is the hypoxia-inducible 
factor-a (HIF-a). In normoxic conditions, HIF-a is hydroxylated 
at its proline residues via an oxygen-dependent enzymatic reac- 
tion. This is recognized by the VHL complex, resulting in its pro- 
teosomal degradation. During hypoxia, HIF-a is not hydroxylated 
due to the lack of oxygen, and thus it does not bind to VHL and 
is not degraded. Moreover, inactivating mutations or gene silenc- 
ing of VHL is found in up to 91% of sporadic clear cell RCC.°?-°” 
This causes HIF-a to accumulate and form a complex with HIF-6. 
The resulting transcription factor complex enters the nucleus and 
binds to the HIF-responsive element enhancer sequence, leading 
to the transcription of hypoxia-induced genes (Fig. 6.32.1). Of the 
two main HIF-a isoforms, HIF-1a and HIF-2a, the latter is pre- 
dominantly expressed in RCC.98 HIF-2a drives the expression of 
tumourigenic and angiogenic factors such as VEGF, transforming 
growth factor-a (TGF-a), platelet-derived growth factor (PDGF), 
and cyclin D1. 

These secreted growth factors bind to the extracellular domain of 
specific receptor tyrosine kinases located on endothelial, stromal, 
and tumour cells. Tyrosine kinases are enzymes which transfer a 
phosphate group from adenosine triphosphate to a protein at its 
tyrosine residue—this phosphorylation event could turn an inactive 
protein from its ‘off’ to its active ‘on’ state. Binding of ligand causes 
conformational changes to the receptor, activating its intracellu- 
lar kinase activity (Fig. 6.32.1). This subsequently activates a cas- 
cade of events through phosphorylation of intracellular proteins. 
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Table 6.32.4 Phase Ill trials of therapies in metastatic RCC 


Trial Line of No. of Patient group Treatment Objective Median PFS (months) Median OS 
treatment patients response rate (months) 
Groupe Français Ist 425 Treatment-naive metastatic RCC L-2 6.5% (PFS at 1 year of 15%, 12% and 12* 
ae (Négrier et al. EN-o 75% 20%, respectively for IL-2, IFN-a 43% 
1998) L2 + IEN-o 18.6% and combination) 17 
Yang et al. (2003)86 Ist 400 Metastatic clear cell RCC with no previous High-dose intravenous IL-2 21% No difference in overall survival 
IL-2 treatment Low-dose intravenous IL-2 11% between the groups 
Low-dose subcutaneous 10% Survival of patients who had a 
L2 complete response was longer 
with high-dose compared to 
low-dose IL-2 (p = 0.04) 
Cytokine Working Group Ist 192 Metastatic RCC with no previous IL-2 or High-dose IL-2 23.2% 3l PSs 
(McDermott et al. 2005)87 IFN-o treatment Subcutaneous IL-2 +IFN-a 9.9% il 1 
CheckMate025 2nd/3rd 821 Advanced clear cell RCC ivolumab 25% 46 25.0 
(Motzer et al. 2015)! One or two previous antiangiogenic Everolimus 5% 44 19.6 
treatments—no previous mTOR inhibitor 
NCT00083889 (Motzer et al. Ist 750 Treatment-naive metastatic clear cell RCC — Sunitinib 47% 11 26.4 
2007710 FN-ot 12% 5 20.0 
VEG105192 (Sternberg 1st/2nd 435 Locally advanced or metastatic clear cell/  Pazopanib 30% 9.2 (11.1 for treatment-naive; 7.4 22.9 
et al. 2010)¢ predominantly clear cell RCC(treatment- Placebo 3% for cytokine-pretreated) 20.5 (23.5 for 
naive or cytokine-pretreated) (2:1) 42 (2.8 for treatment-naive; 4.2 treatment-naive)° 
for cytokine-pretreated) 
TARGET 2nd 903 Metastatic clear cell RCC which Sorafenib 10% 5.5 17.8 
(Escudier et al, 2007)51 progressed after 1st-line cytokine therapy placebo 2% 28 1434 
AXIS 2nd 723 Metastatic clear cell RCC which Axitinib 19% 67 20.1 
(Rini et al. 2011)"16117 progressed after Ist-line therapy with Sorafenib 9% 47 19.2 


sunitinib, bevacizumab plus IFN-q, 
temsirolimus, or cytokines 


METEOR 2nd or 658 Advanced or metastatic clear cell RCC. Cabozantinib 17% 74 214 
Choueiri et al. (2016)'2" higher One or more previous TKI Everolimus 3% 39 165 
AVOREN Ist 649 Treatment-naive metastatic clear cell RCC — Bevacizumab + IFN-a 31% 10.2 D3 
(Escudier et al. 2007)'24125 Placebo + IFN-o 13% 54 Bie 
CALGB 90206 Ist 732 Treatment-naive metastatic clear cell RCC Bevacizumab + IFN-a 25.5% 8.5 18.3* 
(Rini et al. 2008)8126 FN-o 13.1% 5.2 17.4* 
Global ARCC (Hudes et al. Ist 626 Previously untreated, poor prognosis Temsirolimus 8.6% 5.5 10.9 
2007) metastatic RCC FN- 48% 31 73 
(80% clear cell) Temsirolimus + IFNaæ 8.1% 47 84 
RECORD-1 2nd 416 Metastatic clear cell RCC which Everolimus 1.8% 49 148 
(Motzer et al. 2008)4128 progressed on or within 6 months of Placebo 0% 19 10.0€ 
stopping sunitinib, sorafenib, or both (2:1) 


Survival was significantly better with high-dose IL-2 in patients with bone or liver metastases or a primary tumour in place. 


bAfter censoring 25 patients who crossed over from the IFN-a group to the sunitinib group. 


SConfounded by cross-over of more than half of the placebo patients to the pazopanib arm. Analysis using the rank-preserving structural failure time method (RPSFT) suggested a 50% reduction in the risk of death compared to placebo in 


treatment-naive patients. 


After censoring of patients who crossed over to the sorafenib arm. 


Estimated using the RPSFT method due to high rate of cross-over. 


*not statistically significant. 
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Fig. 6.32.1 Simplified schematic of signalling pathways and therapeutic targets in renal cell carcinoma. Binding of ligand to the growth factor receptor results in the 
activation of its intracellular tyrosine kinase. This phosphorylates and activates PI3K, which in turn activates Akt (PI3K can also be phosphorylated by activated Ras 
protein, which itself could lead to downstream tumourigenic cellular responses via the Raf-MAP2K-MAPK pathway). Akt in turn inhibits TSC2, which releases the 


inhibition of TSC2 on Rheb, leading to the activation of MTORC1. mMTORC 


a 


phosphorylates S6K1 and 4E-BP1, which control the translation of specific mRNAs and the 


synthesis of proteins involved in cell growth, proliferation, and angiogenesis, including HIF-a. In normoxic conditions, HIF-a is hydroxylated and subsequently recognized 
by the VHL complex which targets HIF-« for proteosomal degradation. However, during hypoxia or in the absence of VHL protein (secondary to gene mutation or 
silencing), HIF-o accumulates and forms a complex with HIF-B, resulting in the transcription of genes that encode for proteins such as EGF, TGF-a, VEGF, and PDGF. 
These secreted growth factors can act on surrounding stromal or endothelial cells, leading to their proliferation and angiogenesis. They can also exert their effect via an 
autocrine fashion by binding to receptors on cancer cells. Axitinib, pazopanib, sorafenib sunitinib, cabozantinib, and lenvatinib are TKls that act primarily on the inhibition 
of endothelial cells (via the inhibition of the receptor tyrosine kinases VEGFR, PDGFR, and MET, among others), although direct antitumour effects independent of 
angiogenesis have been observed.184185 The mTOR inhibitors everolimus and temsirolimus form a complex with FKBP12, which then inhibits mTORC1. Bevacizumab is a 
humanized monoclonal antibody that binds circulating VEGF-A to inhibit angiogenesis. Nivolumab is a monoclonal antibody that binds to PD-1 on T-cells to prevent its 


binding with PD-L1 on tumour cells. 


4E-BP1—eukaryotic translation initiation factor 4E-binding protein 1; EGF—epidermal growth factor; FKBP12 —FK506-binding protein 12; GDP—guanosine diphosphate; GTP—guanosine 
triphosphate; HGF—hepatocyte growth factor; HlF—hypoxia-inducible factor; MAP2K—mitogen-activated protein kinase; MAPK—mitogen-activated protein kinase, mRNA—messenger 


ribonucleic acid; mTOR—mammalian target of rapamycin; mTORC—mTOR complex; PD-1—programmed death 1; PD-L1—programmed death ligand 1; PDGF—platelet-derived growth factor; 


PI3K —phosphatidylinositol 3-kinase; S6K1—S6 kinase 1; TGF-a—transforming growth factor-a; TKI—tyrosine kinase inhibitor; TSC—tuberous sclerosis complex; VEGF—vascular endothelial 


growth factor; VHL—von Hippel-Lindau. 


These pathways allow extracellular signals to be transmitted to the 
nucleus, and if dysregulated (e.g. overexpression of ligands, acti- 
vating mutation of receptors), could result in changes to the cell’s 
phenotype. TKIs are molecules that inhibit the intracellular kinase 
of these receptors, thereby blocking downstream signalling events 
such as cell proliferation, resistance to apoptosis, migration, metas- 
tasis, and tumour angiogenesis. 

A number of TKIs including sunitinib, pazopanib, axitinib, and 
cabozantinib have demonstrated significant activity against meta- 
static RCC in randomized phase III trials. A common theme in 


most of these trials is the cross-over of patients in the placebo 
group to the treatment group on documented disease progression. 
Although this is ethically desirable and attractive to patients, a high 
rate of cross-over often masks the real impact of the investigational 
drug on OS. Furthermore, OS analysis normally requires long-term 
follow-up and a larger number of patients. Given these reasons, PFS 
is often used as a surrogate primary end point for OS.1° Secondary 
end points of these trials normally include objective response rate 
(i.e. partial or complete response on radiological imaging), OS, 
safety, and quality of life measures. 


In the clinical setting, objective assessment for patients on sys- 
temic therapy is usually undertaken by computed tomography 
scans (CT) every three months. The aim is to achieve the absence of 
progressive disease (i.e. response or stable disease). 

Sunitinib 

Sunitinib (Pfizer) is an orally active inhibitor of a number protein 
tyrosine kinases, including the receptors of VEGF (VEGFR-1 to -3), 
PDGF (PDGFR-a and -f), CD117 (c-Kit), Fms-like tyrosine 
kinase-3 (FLT-3), colony stimulating factor 1 receptor (CSF1R) 
and the receptor encoded by the proto-oncogene RET. Sunitinib 
has demonstrated efficacy in phase II trials in the second-line set- 
ting of metastatic RCC following progression with cytokine ther- 
apy.!01,102 Its role as a first-line treatment was studied in a landmark 
multinational phase III trial, where 750 treatment-naive patients 
with metastatic clear cell RCC were randomly assigned to receive 
either sunitinib or IFN-a 9 MIU subcutaneously thrice weekly.” 
Sunitinib demonstrated a survival benefit compared to IFN-a in 
the first-line setting—median PFS of 11 versus 5 months (p < 0.001) 
and OS of 26.4 versus 21.8 months (HR 0.818; p = 0.049), respect- 
ively (Table 6.32.4). When 25 patients who crossed over from the 
IFN-a arm to the sunitinib arm were censored, a clear OS benefit 
was noted (26.4 vs. 20 months; p = 0.036).!% 

After sunitinib became widely available, subsequent studies showed 
that sunitinib also has activity in patients with non-clear cell histology, 
poor performance status, age of >65 years, and brain metastases. 

Sunitinib is normally given at 50 mg daily on a four weeks 
on, two weeks off schedule, and thus the cycle repeated every 
42 days. Dose reductions to 37.5 mg or 25 mg daily can be made 
to improve tolerability, although there is some concern that 
reduced drug exposure could impair efficacy.!°> Alternate dos- 
ing schedules have been explored to tread the balance between 
drug exposure and toxicity. Bjarmason et al. reported a phase II 
study of individualized toxicity-driven dosing of sunitnib.!°° The 
protocol included dose escalation for patients with minimal tox- 
icity on 50 mg, and dose reduction and individualized treatment 
duration for those not tolerating treatment. In this small study, 
flexible dosing appeared safe and did not appear to compromise 
drug response. 


Pazopanib 

Pazopanib (Votrient®*, GlaxoSmithKline) is an oral TKI target- 
ing VEGFRs, PDGFRs, CSF1R, and CD117. In a phase III trial, 
435 patients with locally advanced or metastatic RCC (treat- 
ment-naive or previous cytokine therapy) were randomized 
2:1 to receive pazopanib 800 mg daily or placebo.® All patients 
had clear cell or predominantly clear cell histology. In the treat- 
ment-naive population, a median PFS of 11.1 months was noted 
in the pazopanib group compared to 2.8 months in the placebo 
group (p <0.0001) (Table 6.32.4). An OS advantage was masked 
by a large number of patients (51%) in the placebo group who 
crossed over to receive pazopanib (22.9 months with pazopanib 
vs. 23.5 months with placebo). A post-hoc analysis designed to 
adjust for this cross-over showed that pazopanib reduced the 
risk of death by 50% compared to placebo in the treatment-naive 
patients. Analysis using data from sunitinib, pazopanib, IFN-a, 
and placebo showed that the estimated median OS were 27.8, 
26.8, 15.8, and 12.1 months, respectively.!°7 Pazopanib was sub- 
sequently compared to sunitinib in the first-line setting, in the 
phase III non-inferiority COMPARZ (Comparing the Efficacy, 
Safety and Tolerability of Pazopanib vs. Sunitinib) trial.!°8 This 
trial randomized 1,100 treatment-naive patients with clear cell 
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RCC to either continuous pazopanib 800 mg once daily or suni- 
tinib. Pazopanib was non-inferior to sunitinib in terms of OS and 
PFS (Table 6.32.4). The efficacy of pazopanib is thus comparable 
to that of sunitinib, and it has been approved by UK’s National 
Institute for Health and Clinical Excellence for the first-line 
treatment of advanced RCC who have not received prior cyto- 
kine therapy. Results from the PISCES (Patient Preference Study 
of Pazopanib versus Sunitinib in Advanced or Metastatic Kidney 
Cancer) cross-over trial of 168 patients showed that the major- 
ity of patients preferred pazopanib over sunitinib (70% vs. 22%), 
due to better quality of life and less fatigue.!° 


Sorafenib 

Sorafenib (Nexavar’, Bayer) is a small molecule inhibitor against 
several tyrosine kinases, including VEGFRs, PDGFRs, FLT-3, 
CD117, RET, and Raf. Its role as a second-line agent in metastatic 
RCC has been tested in the large Treatment Approaches in Renal 
Cancer Global Evaluation Trial (TARGET), where 903 patients 
were randomized to receive sorafenib 400 mg twice daily or pla- 
cebo.>!!° The selected patients had metastatic clear cell RCC which 
had progressed after one systemic treatment within the previous 
eight months, had good performance status and were in the low- 
to-intermediate risk groups according to the MSKCC prognos- 
tic score. After correcting for the high rate of cross-over between 
the two treatment groups, median OS were found to be 17.8 and 
14.3 months for sorafenib and placebo, respectively (HR = 0.78; 
p = 0.029) (Table 6.32.4). Subgroup analysis revealed that the clin- 
ical benefit and quality of life of those treated with sorafenib were 
similar among the older (270 years) and younger patients.!!! 

The benefit of sorafenib as a first-line agent in metastatic RCC 
was shown to be similar to that of IFN-a in a phase II trial of 189 
patients.!!? Other randomized trials showed no difference in PFS 
with first-line sorafenib monotherapy compared to sorafenib in 
combination with IFN-a, IL-2, trabaninib (AMG 386, a select- 
ive angiopoietin 1/2-neutralizing peptibody).!13-115 Sorafenib 
remains licensed for metastatic RCC, although higher level evi- 
dence exists for other TKIs, and subsequently this agent is less 
frequently used. 


Axitinib 

Axitinib (Inlyta®, Pfizer) is an orally active potent inhibitor of VEGFR- 
1 to -3 that can block these receptors at subnanomolar drug concen- 
trations. It has weaker activity against PDGFRs and CD117. Axitinib 
is a second-generation TKI that is a highly potent and specific inhibi- 
tor of VEGF-signalling. These properties maximize on-target effects 
while minimizing off-target toxicities. In the AXIS (axitinib vs. 
sorafenib) trial, 723 patients with metastatic clear cell RCC who had 
progressed after first-line treatment with sunitinib, bevacizumab plus 
IFN-a, temsirolimus, or cytokines were randomized to receive axi- 
tinib (starting dose of 5 mg twice daily) or sorafenib.!!° The median 
PES was longer in the axitinib group compared to the sorafenib group 
(6.7 vs. 4.7 months; HR = 0.665; p <0.0001) (Table 6.32.4). The benefit 
was higher in patients previously treated with cytokines (12.1 vs. 6.5 
months) compared to those treated previously with sunitinib (4.8 vs. 
3.4 months). Final OS data—a secondary outcome measure—showed 
no significant difference between axitinib and sorafenib (20.1 vs. 19.2 
months, HR 0.969, p = 0.37).!!7 A phase 3 trial in the first-line setting 
randomized 288 previously untreated patients in a 2:1 ratio to axitinib 
or sorafenib.!!8 There was no statistically significant difference in PFS, 
which was 10.1 months with axitinib, and 6.5 months for sorafenib 
(HR 0.77, p = 0.038). 
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Cabozantinib 

Cabozantinib (Cabometyx’, Exelixis) is an oral small molecule 
inhibitor of a range of tyrosine kinases including VEGFRs, 
MET, and AXL. c-MET is has been found to be overexpressed 
in sporadic ccRCC, and is an independent predictor of poor 
prognosis. 11? 

The phase III METEOR study randomized 658 patients with clear 
cell RCC who had progressed on at least one line of anti- VEGF TKI 
treatment to either cabozantinib 60 mg or everolimus.!° Patients 
receiving cabozantinib had a significantly prolonged median 
OS of 21.4 months versus 16.5 months for everolimus (HR 0.66, 
p = 0.00026). Cabozantinib treatment also led to an improved PFS 
of 7.4 months versus 3.9 months for everolimus. Based on these 
results, cabozantinib has now become an established treatment in 
the second line. The phase II CABOSUN study recently reported 
results for cabozantinib in the first line in patients with poor or 
intermediate risk metastatic RCC.!?! Some 157 patients with 
untreated metastatic clear cell RCC were randomized to cabozan- 
tinib or sunitinib. The results were significantly in favour of cabo- 
zantinib with a PFS of 8.2 versus 5.6 months (p = 0.012) and an 
impressive ORR of 46% (vs. 18%). 


Lenvatinib 

Lenvatinib (Kisplyx*/Lenvima’, Eisai) is a oral multitarget tyrosine 
kinase inhibitor with targets including the VEGFRs 1-3, FGFRs 1- 
4, PDGFRa, RET, and KIT. Lenvatinib has been approved in com- 
bination with everolimus in the second line based on the results of 
an open-label phase 2 study. Some 153 patients were randomized 
to receive lenvatinib, everolimus, or both drugs combined.!?? The 
doses used in the combination arm were lenvatinib 18 mg and 
everolimus 5 mg, both once daily. The primary outcomes of investi- 
gator-assessed PFS were 14.6 months, 7.4 months, and 5.5 months 
in combination, lenvatinib, and everolimus arms, respectively. The 
difference in PFS between lenvatinib/everolimus combination and 
everolimus was significant (HR 0.40, p = 0.0005). There was also a 
statistically significant difference in PFS when comparing mono- 
therapy with lenvatinib with that of everolimus (HR 0.61, p = 
0.048). However there was no significant difference in PFS when 
comparing combination treatment with lenvatinib monotherapy 
(HR 0.66, p = 0.12). 

Fatigue, reduced appetite, and diarrhoea were the most common 
adverse events in the combination arm, which had a slightly higher 
rate of grade 3 or 4 events compared to everolimus (45% vs. 38%). 
A post-hoc retrospective independent radiological review 
requested by regulatory authorities confirmed the PFS advan- 
tage of the lenvatinib/everolimus combination over single-agent 
everolimus with a PFS of 12.8 months vs. 5.6 months (HR 0.45, 
p = 0.0029).!?3 In the independently reviewed analysis, there was 
no significant difference between lenvatinib monotherapy and 
everolimus monotherapy. 


Antiangiogenic antibody 

Bevacizumab (Avastin®, Roche) is a humanized mouse monoclo- 
nal IgG1 antibody that inhibits angiogenesis via its interaction 
with VEGF-A. In the phase III European AVOREN (Avastin® and 
Roferon® in RCC) trial, 649 patients with previously untreated 
metastatic RCC were randomized to receive IFN-a (9 MIU sub- 
cutaneously three times weekly) and bevacizumab (10 mg/kg intra- 
venously every two weeks), or placebo and IFN-a111,112 (Table 
6.32.4).124125 Median PFS was longer in the bevacizumab and IFN- 
a group compared to control (10.2 vs. 5.4 months; HR = 0.63; p = 


0.0001). However, there was no significant difference in OS (23.3 vs. 
21.3 months). Another trial performed by the Cancer and Leukemia 
Group B (CALGB) in the United States involved 732 previously 
untreated patients with metastatic clear cell RCC, randomized to 
receive either bevacizumab and IFN-a or IFN-a alone.8126 Again, 
there was an improvement in median PFS with combination treat- 
ment compared to IFN-a alone (8.5 vs. 5.2 months; HR = 0.72; p 
<0.001), but no OS benefit was noted (18.3 vs. 17.4 months). The 
failure of translating improvement in PFS to better OS was likely 
to be the result of a large number of patients receiving subsequent 
treatments when they progressed during or after the trials, there- 
fore masking the true benefit of adding bevacizumab. 


mTOR inhibitors 


The mTOR (mammalian target of rapamycin) signalling pathway 
plays an important role in cancer growth and progression. Upon 
activation by upstream growth factor receptor or Ras, the protein 
phosphatidylinositol 3-kinase (PI3K) phosphorylates Akt (Fig. 
6.32.1). This releases the inhibition of tuberous sclerosis complex 2 
(TSC2) on Rheb, resulting in the activation of MTOR. mTOR forms 
multimolecular complexes with either Raptor to form mTORC1, 
or Rictor to form mTORC2. mTORC1 phosphorylates S6 kinase 
1 (S6K1, also known as p70°°X) and eukaryotic translation initi- 
ation factor 4E-binding protein 1 (4E-BP1), both of which control 
the translation of specific mRNAs and the synthesis of proteins 
involved in a variety of cellular events, including cell prolifer- 
ation, survival, resistance to apoptosis, angiogenesis, and invasion. 
Importantly, mTOR signalling also controls the synthesis of HIF-a. 
This pathway could be targeted by an mTOR inhibitor. 

The first mTOR inhibitor, sirolimus (or rapamycin, so named as it 
was first isolated from Streptomyces hygroscopicus in the soil sample 
from Rapa Nui), was initially discovered as part of a screening pro- 
gramme for new antifungal agents. Rapamycin and its analogues 
were later found to have immunosuppressive and more import- 
antly, antitumour properties. The mTOR inhibitors currently in 
clinical use for RCC are temsirolimus and everolimus. The main 
differences between these drugs lie in their chemical properties in 
terms of drug solubility and metabolism. Temsirolimus, a prodrug 
of sirolimus, is water soluble and is given intravenously, whereas 
everolimus has low solubility and therefore has to be administered 
orally. 


Temsirolimus 

The efficacy of temsirolimus (Torisel’, Pfizer) was evaluated in the 
Global Advanced RCC (ARCC) trial of 626 patients with previ- 
ously untreated metastatic RCC with poor prognosis (defined as 
23 of the following six factors: Karnofsky performance status of 
60 or 70; haemoglobin <lower limit of normal; corrected calcium 
>10 mg/dL; LDH >1.5x upper limit of normal; time from initial 
diagnosis to randomization of <1 year; and metastases in mul- 
tiple organs).!?” Patients (80% of whom had clear cell carcinoma) 
were randomized to receive either intravenous temsirolimus 25 mg 
weekly alone, IFN-a alone, or combination treatment. Patients who 
received temsirolimus alone had a longer median OS compared 
to IFN-a alone (10.9 vs. 7.3 months; HR = 0.73; p = 0.008). The 
combination of temsirolimus and IFN not only failed to improve 
PFS and OS but was associated with more serious adverse events. 
Subgroup analyses suggest that benefit may be limited to patients 
under the age of 65 and those with a KPS over 70%. The evidence 
from this trial supports the use of temsirolimus as a first-line 
treatment option for patients with poor-risk RCC who are able to 


tolerate treatment. Antihistamine is routinely given prior to tem- 
sirolimus to prevent hypersensitivity reactions. 


Everolimus 

Everolimus (Afinitor®, Novartis) is an orally administered mTOR 
inhibitor. In the RECORD-1 (Renal Cell Cancer Treatment with 
Oral RAD001 Given Daily) trial, 416 patients with metastatic RCC 
who had progressed on, or within six months of stopping sunitinib, 
sorafenib, or both were randomized 2:1 to receive everolimus 10 
mg daily or placebo.4!#8 Median PFS was in favour of everolimus 
(4.9 vs. 1.9 months; p <0.001), although there was no difference 
in median OS (14.8 months with everolimus vs. 14.4 months with 
placebo). As 80% of patients in the placebo arm crossed over to 
everolimus, a recalculation estimated the MS of patients in the pla- 
cebo group to be 10 months (i.e. 4.8 months less than that of the 
everolimus group). Shorter survival was associated with low per- 
formance status, hypercalcaemia, low haemoglobin, and prior suni- 
tinib treatment. 


Side effects of targeted treatment and 
their management 


Side effects are common with the use of targeted therapies. !?? For mul- 
titargeted TKIs such as sunitinib and pazopanib, the intended antitu- 
mour targets are primarily those of the VEGF-angiogenesis signalling 
pathway. These ‘on-target’ toxicities are largely similar to those of the 
anti- VEGF antibody bevacizumab and include hypertension and dys- 
phonia (Table 6.32.5). A number of ‘off-target’ toxicities are also com- 
mon and are partly related to inhibitory effects on other kinases. 
Symptoms such as fatigue, alopecia, anorexia, nausea, stomatitis, 
and dermatological toxicities are managed by patient education 
and prophylactic or early interventions. Hand-foot syndrome, or 
palmar-plantar erythrodysaesthesia, is a spectrum of skin reaction 
ranging from erythema to desquamation, and is thought to be due 
to the direct toxic effect and impaired vascular repair mechanism 
secondary to TKI exposure.!*° Avoidance of excessive trauma and 
application of emollients are effective preventative measures. !?° 
Hypothyroidism occurred in 14% of patients on sunitinib.!© This 
could be the result of a number of mechanisms, including impaired 
blood flow leading to thyroiditis, and the inhibition of RET result- 
ing in thyroid follicular cell apoptosis.!3! Routine monitoring of 


Table 6.32.5 On- and off-target toxicities of VEGF inhibition 


On-target Off-target 
Hypertension Anorexia 

Proteinuria Diarrhoea 

Bleeding Nausea and vomiting 
Thrombosis Fatigue 

Poor wound healing Hypothyroidism 
Gastrointestinal perforation Stomatitis 


Hypothyroidism 


Hand-foot syndrome 


Dysphonia 


Cardiotoxicity 
Alopecia 


Rash or skin discoloration 


and-foot syndrome 


Myelosuppression 


epatotoxicity 
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thyroid function is required and replacement therapy needs to be 
started when necessary. Moderate-to-severe derangement in liver 
enzymes, usually asymptomatic and occurring within the first four 
months of treatment, have been reported in up to 12% of patients 
on pazopanib.° As such, close monitoring is essential and treatment 
interruptions may be needed. 

TKIs can cause hypertension and cardiotoxicity.!3* Blood pres- 
sure is closely monitored and can be treated with antihypertensives. 
Echocardiogram and electrocardiogram (ECG) assessment are nor- 
mally advised in elderly patients, in patients with a history of cardio- 
vascular disease, or cardiovascular risk factors such as diabetes, both 
before and, if clinically indicated, during treatment. A left ventricular 
ejection fraction of [50% is normally considered safe to commence 
treatment, whereas significant ischaemic changes, arrhythmias, or 
prolonged QT interval on ECG must be taken with caution and 
referral to a cardiologist may be indicated. TKIs can also result in 
QT prolongation and may lead to ventricular arrhythmias including 
torsades de pointes. Other concomitant drugs that may cause QT 
prolongation should be used with caution, including ciprofloxacin, 
clarithromycin, erythromycin, domperidone, ondansetron, and the 
selective serotonin reuptake inhibitor (SSRI) antidepressants. 

The mTOR inhibitors could also result in metabolic abnormali- 
ties such as hyperglycaemia, hypokalaemia, and hyperlipidaemia, 
which require careful monitoring. A non-infectious pneumonitis 
has been reported in about 10% of patients and this is best man- 
aged by early recognition and prompt intervention, usually by dose 
reduction or treatment interruption.4!#7!78 Corticosteroids may 
be needed in severe cases. 

TKIs and mTOR inhibitors are primarily metabolized by the 
liver enzyme cytochrome P4509344 (CYP3A4). As a result, CYP3A4 
inhibitors could increase plasma drug levels and toxicities, and 
should therefore be avoided (Table 6.32.6). Potent CYP3A4 induc- 
ers, on the other hand, could reduce drug concentrations and 
potentially treatment efficacy. 


Table 6.32.6 Drugs that affect liver CYP3A4 


CYP3A4 inhibitors (may increase levels of TKI or mTOR inhibitor) 


Strong inhibitors: Moderate inhibitors: 


Clarithromycin Aprepitant 
Indinavir Ciclosporin 
Itraconazole Diltiazem 


Ketoconazole Erythromycin 


Nelfinavir Fluconazole 
Ritonavir Grapefruit juice 


Voriconazole Verapamil 


CYP3A4 inducers (may decrease levels of TKI or mTOR inhibitor) 


Carbamazapine 
Dexamethasone 
Efavirenz 
Nevirapine 
Phenytoin 
Prednisolone 
Rifampicin 

St. John’s Wort 
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The introduction of TCCIs has brought with it a new range of 
toxicities, which the medical community has had to rapidly assimi- 
late into its practice and learn to manage effectively. In the phase II 
trial of nivolumab in RCC, treatment was relatively well-tolerated 
overall with a grade 3/4 toxicitiy rate of 19%.°! Treatment was dis- 
continued due to adverse events in 8% of patients in the nivolumab 
arm. The commonest (all-grade) adverse events were fatigue (33%), 
nausea (14%), pruritis (14%), diarrhoea (12%), and decreased 
appetite (12%). Nivolumab, in common with other TCCIs, is asso- 
ciated with immune-related adverse events (irAEs), a group of 
autoimmune side effects resulting from activation of the immune 
system. Pneumonitis, endocrinopathies, colitis, and hepatitis have 
all been observed with nivolumab, although any system can be 
affected.?1133.134 Management algorithms vary slightly depend- 
ing on the system affected, but the general principle is to withhold 
treatment until symptoms resolve, with the addition of corticoster- 
oids and other immunosuppressants, if required. 

Patients with diarrhoea should be monitored for signs and symp- 
toms of colitis, which include passing blood or mucus per rectum 
and abdominal pain.!*3 Mild (grade 1) diarrhoea can be managed 
with supportive measures including loperamide and increasing oral 
fluid. If there are more than four bowel motions per day over base- 
line, then treatment should be withheld, with the introduction of 
steroids if there is no improvement.!*3 Grade 3 diarrhoea mandates 
admission for steroids, with the addition of infliximab (5 mg/kg) 
if there is no improvement after three days. Asymptomatic pneu- 
monitis should be managed by withholding treatment and giving 
corticosteroids (e.g. prednisolone 1 mg/kg/day PO). Treatment 
can be reintroduced once the radiological appearances have 
resolved.133-134 For more severe pneumonitis, the patient should be 
admitted for intravenous corticosteroids, consideration should be 
given to the administration of empirical antibiotics and infliximab. 
Bronchoscopy with biopsy may also be appropriate.!33 Treatment 
should be permanently discontinued after a single episode of grade 
3 pneumonitis. 


Systemic treatment of metastatic non-clear 
cell carcinoma 


Malignant non-clear cell RCCs are a clinically and histologically 
diverse group of cancers, They include chromophobe, collecting 
duct, and papillary (types I and II) tumours, as well as other rarer 
types that remain histologically unclassified. The chromophobe 
subtype is found in 4% of cases, and is often organ-confined and 
has a low risk of tumour progression, metastasis, and death. !9-135,136 
In contrast, collecting duct RCC, although extremely rare (<1%), 
is aggressive and associated with a worse prognosis.!°135 Papillary 
tumours are the second commonest histological subtype after clear 
cell, and account for 10-15% of all renal cancer. Localized disease 
has a favourable prognosis, but metastatic papillary carcinoma has 
a worse outcome in terms of survival and resistance to systemic 
therapy than clear cell carcinoma—this is particularly the case for 
the more aggressive, high-grade type II tumour.!35-!37,138 In the pre- 
TKI era, MS were estimated to be 29, 11, and 5.5 months for chro- 
mophobe, collecting duct, and papillary tumours, respectively.!3° 
Non-clear cell RCCs are far less common than their clear cell 
counterpart, and the majority of clinical trials have excluded these 
histological subtypes. With the exception of temsirolimus (sub- 
group analysis), phase III evidence for the systemic therapy of 


patients with metastatic non-clear cell RCC is lacking. A subgroup 
analysis of the Global ARCC trial (for which 124 patients (20%) 
had non-clear cell tumours, mainly papillary) demonstrated that 
temsirolimus was as effective in improving PFS and OS for patients 
with non-clear cell compared to clear cell carcinomas.!27139 Most 
benefit was seen in patients with poor prognostic features. 

Evidence for the use of TKIs and mTOR inhibitors and their rela- 
tive efficacy in non-clear cell RCC has consisted of retrospective 
analyses, cohort studies, and a small number of phase 2 trials. In 
the expanded-access trial for sunitinib, Gore et al. showed that this 
agent conferred a response rate of 11% for patients with non-clear 
cell RCC. Choueiri et al. performed a retrospective multicentre 
review of 53 patients with metastatic papillary and chromophobe 
RCCs who were treated with sunitinib or sorafenib.!“° The overall 
PFS for patients with chromophobe RCC was 10.6 months and 7.6 
months for papillary RCC. Patients with papillary RCC treated with 
sunitinib had a much longer PFS (11.9 months) compared to those 
treated with sorafenib (5.1 months; p <0.001). A single-arm phase 
II trial of 57 patients treated with sunitinib suggested a much more 
limited benefit for sunitinib in papillary RCC with a PFS of only 
1.6 months.!4! Patients with chromophobe histology had a much 
longer PFS of 12.7 months. 

There are two recent phase II trials randomizing patients with 
non-clear cell RCC to everolimus and sunitinib, which have 
reported conflicting results. The ASPEN (Afinitor® versus Sutent® 
in Patients with Metastatic Non-Clear Cell RCC) trial compared 
sunitinib and everolimus in the previously untreated patients with 
non-clear cell RCC.!#* The study included 108 patients with pap- 
illary (65%), chromophobe (15%), and unclassified (19%) hist- 
ology. Overall, sunitinib resulted in an improved PFS compared to 
everolimus (8.3 months vs. 5.6 months). Subgroup analyses showed 
interesting differential responses according to histological subtypes. 
Everolimus appeared superior for MSKCC poor-risk and chromo- 
phobe histology, while patients with good and intermediate-risk 
disease and non-chromophobe histology appeared to benefit most 
from sunitinib. 

In contrast, the recently reported phase II ESPN study, which 
also randomized patients with non-clear cell histology (n = 68) to 
everolimus or sunitinib found no significant difference in PFS.!4% 

Erlotinib, an oral epidermal growth factor receptor (EGFR) TKI, 
has been studied in a phase II trial of patients with advanced papil- 
lary RCC.!44 Of the 45 evaluable patients, the overall response rate 
was 11% and the median OS was 27 months. Although this was a 
single-arm study, the OS observed was higher than that reported 
previously. 135-140 There have been some phase II trials that have also 
shown some promising results for non-clear cell RCC with chemo- 
therapy, alone, or in combination with TKIs (see ‘Chemotherapy in 
metastatic renal cell carcinoma, below). 

In summary, due to the lack of strong evidence for the systemic 
treatment of metastatic non-clear cell RCC, enrolment of patients 
into clinical trials is currently the preferred strategy. 


Chemotherapy in metastatic renal 
cell carcinoma 


Chemotherapy does not have an established role in the treatment 
of metastatic RCC. RCC is invariably insensitive to chemotherapy 
and data were normally obtained from small trials or case reports. 
Phase II studies of single-agent gemcitabine, or in combination with 


intravenous or oral fluoropyrimidines (5-fluorouracil, capecitabine 
or S-1) and cisplatin have reported response rates of 5 to 24.4% 
in metastatic RCC.!45-!54 The addition of sorafenib to gemcit- 
abine and metronomic capecitabine appeared to be more effective, 
resulting in partial response in 20 out of 40 patients studied and a 
median PFS of 11 months.!5° Michaelson et al. reported the results 
of a phase II study in which patients with poor-risk or sarcomatoid 
clear cell RCC were given a combination of sunitinib and gemcit- 
abine.156 The response rates were a promising 26% and 24% in the 
sarcomatoid and poor-risk patients, respectively, and the combin- 
ation is being evaluated further. 

A multicentre phase II trial of 23 patients with metastatic col- 
lecting duct tumour reported a response rate of 26%, PFS of 
7.1 months, and OS of 10.5 months using gemcitabine with a plat- 
inum agent.!5” In RCC with sarcomatoid differentiation, which is 
associated with rapid progression and poor prognosis, the combin- 
ation of doxorubicin and gemcitabine has shown moderate activity 
in small studies, 158-160 


Therapies in development 


Many novel therapeutic agents are currently in development, and 
patients should be encouraged to enter clinical trials. 

After the success of the TKIs and the improved understanding 
of the molecular biology of RCC, a substantial effort has been put 
into extracting maximum benefit from this treatment modality. 
This includes the optimization of dosing and scheduling with the 
currently approved drugs and the use of sequential or combination 
therapy. The development of predictive biomarkers of response to 
treatment would greatly aid treatment choice. For example, low 
plasma levels cytokine and angiogenic factors such as IL-6, IL-8, 
VEGF, osteopontin, and hepatocyte growth factor (HGF) were 
found to be associated with response and PFS from pazopanib 
treatment. 161 

In addition, a number of factors need to be considered during 
the development of new TKIs, such as the drugs pharmacokinetics 
and bioavailability, interaction with other drugs, target specificity, 
and toxicities. The ideal drug would be one that provides multiple 
tumour only-specific target inhibition at low concentration. It may 
also possible to re-engineer drugs to avoid off-target pathways if the 
underlying mechanism is known. 162 

Foretinib (GSK1363089, GlaxoSmithKline), inhibits the MET- 
encoded HGF receptor and VEGFR-2. Mutations of MET can be 
found in sporadic or hereditary papillary RCC, conditions with 
a poor prognosis that represent an area of unmet need.!163-164 
Foretinib has shown promising activity in RCC in early phase trials, 
while another MET-inhibitor (savolitinib), is also currently under- 
going evaluation in a phase II trial.165166 Cediranib (Recentin® or 
AZD2171, AstraZeneca) is a potent TKI against VEGFR-1 to -3. In 
a phase II trial, it has shown a response rate of 34% in patients with 
advanced clear cell RCC, resulting in a median PFS of 12.1 months 
compared to 2.8 months in the placebo group.167 

One of the biggest advances in the management of metastatic 
RCC in the last decade has been the emergence of immunotherapy 
targeting T-cell checkpoints, aimed at stimulating the cytotoxic T- 
cell response. A number of other agents and combinations of agents 
targeting these pathways have shown promise and are undergoing 
further investigation. The phase III CheckMate214 study is com- 
bining nivolumab with the anti-CTLA4 antibody ipilimumab in the 
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first-line treatment of metastatic RCC.!°8 The comparator arm in 
this trial is sunitinib. Dudek et al. recently reported a phase I study 
in which the anti-PD-1 antibody pembrolizumab was safely com- 
bined with bevacizumab.!® A number of other early phase trials 
are investigating combining the monoclonal anti-VEGF antibod- 
ies bevacizumab and aflibercept, with a number of other T-cell 
modulating agents including nivolumab, pembrolizumab, and 
atezolizumab. 

Active immunotherapy in the form of vaccination has also been 
studied. AGS-003 (Arcelis®, Argos Therapeutics) is a form of per- 
sonalized immunotherapy whereby a patients own dendritic cells 
(DCs) are collected by leukapheresis, then co-electroporated with 
his/her own tumour mRNA and synthetic CD40 ligand RNA. 
The resulting cells are delivered back to the patient by intrader- 
mal injection. The rationale is that by combining DCs (the most 
important antigen-presenting cells) with tumour antigens and the 
immunostimulating CD40 ligand would result in a T-cell-mediated 
antitumour immunity. Phase II data showed that the combination 
of AGS-003 with sunitinib in patients with poor and intermediate- 
risk patients with RCC produced promising results.!”° The ongoing 
phase II ADAPT (Autologous Dendritic Cell Immunotherapy 
(AGS-003) Plus Standard Treatment of Advanced RCC) trial is 
expected to report in 2017. 

Many other potential therapeutic targets and drugs are constantly 
being discovered in RCC. As mentioned earlier, the HIF path- 
way plays an important role in RCC progression, and inhibition 
of HIF has been shown to suppress tumour growth in the labora- 
tory.!71172 Inhibitors of HIF are currently in development.!73-176 
In addition, the increased expression of tumour necrosis factor 
receptor-2 (which promotes VEGFR-2 signalling) and the activa- 
tion of the Notch signalling pathway have also been found to be 
important in RCC development.!”7-!”9 It is now known that some 
of the mutated genes found in RCC (i.e. VHL, MET, TSC1, TSC2, 
FLCN (folliculin), FH (fumarate hydratase), and SDH (succinate 
dehydrogenase)), can result in the dysregulation of a number of 
metabolic pathways involving oxygen, iron, nutrient and/or energy 
sensing.!8° These pathways could provide an opportunity for thera- 
peutic targeting. PBRM1 has been found to be mutated in 41% of 
clear cell RCC.!8! This gene encodes for the tumour suppressor pro- 
tein polybromo-1 (Pb1) which is involved in chromatin remodel- 
ling.!8? This in turn controls the accessibility of DNA and regulates 
gene transcription. Inactivation of Pb1 could therefore result in 
abnormal transcriptional activity and subsequently tumourigenesis 
and disease progression.!* It will be take some time before agents 
targeting these aberrations could be used clinically; nonetheless, 
the outcome of patients with metastatic RCC certainly looks prom- 
ising in the coming years. 


Conclusion 


Currently about 14% of patients with RCC have metastatic disease 
at the time of diagnosis.! While this used to carry a dire progno- 
sis, the MS of these patients have doubled over the last 10 years; 
this could be as high as 44 months for low-risk patients.? There are 
several reasons to be optimistic, not least because of improvement 
in diagnostic imaging and surgical techniques, but significant pro- 
gress has also been made in understanding the molecular biology 
and clinical behaviour of RCC, as well as the emergence of new 
treatment modalities. 
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Prognostic scoring systems are invaluable for identifying patients 
that may be suitable for either conservative or more aggressive 
interventions. These include nephrectomy or other surgical and 
non-surgical procedures to prolong survival and for symptom 
control. Most patients do require and benefit from systemic treat- 
ment, and IFN-a and IL-2 used to be the main form of therapy 
before the arrival of targeted agents. IL-2 is effective and still being 
used, although this comes at the expense of inpatient treatment and 
severe toxicities. Over the last decade TKIs, mTOR inhibitors, and 
the anti- VEGF antibody bevacizumab completely revolutionized 
the treatment of metastatic RCC, resulting in improved survival 
with acceptable toxicities. In the last year, yet another paradigm 
shift has taken place in the treatment of metastatic renal cancer 
with the advent of the T-cell checkpoint inhibitors. The treatment 
algorithm based on currently available evidence is summarized in 
Table 6.32.3. It is expected this will change again in the coming 
years as more novel therapeutic approaches are being developed. 
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CHAPTER 6.33 


Testicular cancer 


Christian Winter and Peter Albers 


Introduction to testicular cancer 


While malignant tumours of the testis are rare, testicular cancer is 
the most common cancer among men between the ages of 15 to 40 
years. These cancers represent the leading cause of cancer-related 
mortality and morbidity in this age group,!? but generally have an 
excellent prognosis. The main factors contributing to the survival 
from affected patients are knowledge about the pathogenesis of tes- 
ticular cancer, accurate staging at the time of diagnosis, early multi- 
modal treatment (combination chemotherapy, radiotherapy and 
surgery) for appropriate cases and strict follow-up regimens and 
salvage therapies. 

During the past decades major progress has been made in the 
efficacy of testicular cancer treatment. Perhaps the major fac- 
tor for this has been the introduction of cisplatin-based combin- 
ation chemotherapy. In the early 1970s Larry Einhorn and John 
Donohue conducted the first studies with cisplatin-based chemo- 
therapy in patients with testicular cancer. They showed cure rates 
for advanced testicular cancer improved from 5% to 60% by using 
combination chemotherapy with cisplatin, vinblastine and bleo- 
mycin (PVB).‘ In 1978 the combination chemotherapy cisplatin and 
etoposide was first evaluated as salvage chemotherapy, representing 
the first time that patients with solid tumour had been cured with 
second-line chemotherapy. In the early 1980s, the PVB regimen 
was replaced by the BEP regime (bleomycin/etoposide/cisplatin) 
which was proven to have higher cure rates with less toxicity.4 The 
BEP regimen is now established as standard chemotherapy in pri- 
mary treatment of testicular cancer. The surgical treatment remains 
an important part in therapy of testicular cancer. For most patients 
with low-stage disease, surgical resection of the affected testis by 
a radical orchiectomy is the only recommended treatment option. 
With the use of a risk-adapted treatment management, about 50% 
of patients with early stage germ cell tumours (GCTs) will choose 
close surveillance instead of immediate adjuvant treatment (e.g. 
chemotherapy) following orchiectomy. Surveillance is an effective 
means of managing early stage testicular germ cell tumour patients 
despite variability in protocols and patient compliance." The overall 
disease-free survival in these patients is around 100%. 

The treatment of advanced testicular GCTs is based on risk strati- 
fication according to clinical features and International Germ Cell 
Cancer Collaborative Group (IGCCCG) classification. Cisplatin- 
based chemotherapy is proven to be the optimal treatment regimen 
for good-risk patients: cure rates using chemotherapy with or with- 
out surgery approximate 90%.° For patients with advanced disease 
and intermediate/poor prognosis, intensification of treatment is 
being investigated to increase long-term cure rates. These patients 
can achieve long-term freedom from disease (five-year overall 


progression-free survival up to 70%) when chemotherapy is com- 
bined with surgical treatment by a complete resection of residual 
post-chemotherapy masses.’ 


Pathology, pathogenesis, and risk factors 
Pathology 


The majority of patients with testicular cancer presents with pri- 
mary tumour in the testis. In the minority (around 5%), the primary 
tumour is extragonadal in the retroperitoneum or in the medias- 
tinum. Most (95%) primary testicular tumours are GCT, and the 
remainder include non-germinal neoplasms such as Leydig cell and 
Sertoli cell tumours, or lymphomas. Histopathologically, GCTs divide 
into two major groups: seminoma and non-seminoma. Major groups 
and subtypes of testicular germ cell tumour are histologically classi- 
fied in the World Health Organization (WHO) System (Table 6.33.1).8 

Seminomas, which are not pluripotent, appear as sheets of 
undifferentiated cells that resemble primitive germ cell.? Non- 
seminomatous tumours display a variety of histological forms and 
differentiate along an embryonic lineage (embryonal carcinoma, 
teratoma, teratocarcinoma) or extra-embryonic tissue compo- 
nents (yolk sac tumour, choriocarcinoma). Teratoma as a special 
subgroup of germ cell tumours show tremendous histologic diver- 
sity, containing a variety of tissue elements derived from all three 
embryonic germ cell layers. WHO classification recognizes three 
histological subtypes: mature, immature, and teratomas with 
malignant transformation. In addition, the finding of any of these 
histological germ cell tumour types within a seminoma defines the 
tumour as a non-seminomatous germ cell tumour (NSGCT), pri- 
marily because the natural history of these tumours is less favour- 
able than that of pure seminoma.!° 


Pathogenesis and risk factors 


Testicular maldescent 

While parts of the pathogenesis of testicular cancer remain unknown, 
several risk factors are identified. The strongest risk factor of testicular 
cancer is cryptorchidism or testis maldescent. This link was suggested 
as early as in the beginning of the nineteenth century. A recent meta- 
analysis has estimated the relative risk of germ cell tumour among 
men with prior cryptorchidism to be 4.8 fold (95% CI = 4.0-5.7),!! but 
reported ranges varying between 5-10-fold.!? Only 10% of testicular 
cancer develops in men with prior cryptorchidism. The risk of tes- 
ticular malignancy is higher with bilateral than with unilateral crypt- 
orchidism. In men with unilateral cryptorchidism, most tumours 
occur in the affected side, although malignant degeneration is found 
on the contralateral side in about 20% of cases.!° Several reports 


Table 6.33.1 WHO classification of tumours of the testis 


CHAPTER 6.33 TESTICULAR CANCER 


Germ cell tumours derived from germ 
cell neoplasia in situ 


Adult granulose cell tumour 8620/1 
Juvenile granulose cell tumour 8322/1* 
Tumours in the fiborna—thecoma group 8600/0 


Non-invasive germ cell neoplasia 


Mixed and unclassified sex cord—stromal tumours 


Germ cell neoplasia in situ 9064/2 Mixed sex cord—stromal tumour 8592/1 
Specific forms of intratubular germ cell neoplasia Unclassified sex cord—stromal tumour 8591/1 
Tumours of a single histological type (pure forms) Tumour containing both germ cell and sex 
: cord-stromal elements 
Seminoma 9061/3 
; 7 Š Gonadoblastoma 9073/1 
Seminoma with syncytiotrophoblast cells 
s Miscellaneous tumours of the testis 
Non-seminomatous germ cell tumours 
3 Ovarian epithelial-type tumours 
Embryonal carcinoma 9070/3 
Serous cystadenoma 8441/0 
Yolk sac tumour, postpubertal-type 9071/3 
; Serous tumour of borderline malignancy 8442/1 
Trophoblastic tumours 
7 : Serous cystadenocarcinoma 8441/3 
Choriocarcinoma 9100/3 
: ; Mucinous cystadenoma 8470/0 
Non-choriocarcinomatous trophoblastic tumours 
Mucinous borderline tumour 8472/1 
Placental site trophoblastic tumour 9104/1 
7 : : Mucinous cystadenocarcinoma 8470/3 
Epitheloid trophoblastic tumour 9105/3 
A = Endometrioid adenocarcinoma 8380/3 
Cystic trophoblastic tumour 
Clear cell adenocarcinoma 8310/3 
Teratoma, postpubertal-type 9080/3 
Brenner tumour 9000/0 
Teratoma with somatic type malignancy 9084/3 
Juvenile xanthogranuloma 
Non-seminomatous germ cell tumours of more 
than one histological type Haemangioma 9120/0 
Mixed germ cell tumours 9085/3 Haematolymphoid tumours 
Germ cell tumours of unknown type Diffuse large B-cell lymphoma 9680/3 
Regressed germ cell tumours 9080/1 Follicular lymphoma, NOS 9690/3 
Germ cell tumours unrelated to germ cell Extranodal NK/T-cell lymphoma, nasal-type 9719/3 
neoplasia in situ Plasmacytoma 9734/3 
Spermatocytic tumour 9063/3 Myeloid sarcoma 9930/3 
Teratoma, prepubertal-type 9084/0 Rosai—Dorfman disease 
Dermoid cyst Tumours of collecting duct and rete testis 
Epidermoid cyst Adenoma 8140/0 
Well-differentiated neuroendocrine tumour 8240/3 Ndenocarcinonial 8140/3 
(monodermal teratoma) 
oe eae The morphology codes are from the International Classification of Diseases for Oncology 
Mixed teratoma and yolk sac tumour, 9085/3 (ICD-O) {917A}. Behaviour is coded /0 for benign tumours; /1 for unspecified, borderline, 
prepubertal-type or uncertain behaviour; /2 for carcinoma in situ and grade III intraepithelial neoplasia; 
d /3 for malignant tumours. The classification is modified from the previous WHO 
Yolk sac t bertal-t 071 Si 
A allie LAG classification {756A}, taking into account changes in our understanding of these lesions. 
Sex cord-stromal tumours *New code approved by the IARC/WHO Committee for ICD-O. 
Pure tumours Reproduced with permission from Eble, JN, Sauter, G, Epstein JI, Sesterhenn IA. World 
Health Organization Classification of Tumours. Pathology and Genetics of Tumours of the 
Leydig cell tumour 8650/1 Urinary System and Male Genital Organ. Volume 7. IARC, Lyon, 2004. 
Malignant Leydig cell tumour 8650/3 
Sertoli cell tumour 8640/1 
Malignant Sertoli cell tumour 8640/3 a , a a. 
2 showed no ethnic discrepancy in the incidence of cryptorchidism.!4 
Large cell calcifying Sertoli cell tumour 8642/1 Despite the pronounced discrepancy in incidence of testicular can- 
Intratubular large cell hyalinizing Sertoli cell neoplasia  8643/1* cer.!> In addition, Kallmann Syndrome, a condition of congenital 


Granulosa cell tumour 


hypogonadotropic hypogonadism, is characterized by cryptorchid- 
ism, but not by increased risk for testis cancer.!° Furthermore the 
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prevalence of cryptorchidism has been reported by some studies to 
have increased between the 1950s and the 1980s, but the proportion 
of testicular cancer patients with cryptorchidism appears to have 
remained constant at approximately 10%.!” So it is not clear whether 
cryptorchidism predisposes to testis cancer or whether the GCT and 
maldescent share common risk factors. The complex genetical dis- 
ruption is clinically summarized as the so-called ‘testicular dysgenesis 
syndrome’ including maldescent, atrophy, and infertiliy. 


Contralateral testicular tumour 

A previous history of testicular GCT is a well-established risk factor 
for developing contralateral testicular cancer. For example, studies 
from Denmark and New Zealand showed relative risks of a contra- 
lateral germ cell tumour are 24.5-27.5-fold for GCT patients.!*!9 
Fossa et al.?° reported a cohort study involving 29,515 men in 
the United States, in which GCT patients had a 12.4-fold risk of 
a metachronous contralateral testicular cancer when compared to 
the general population. 

While the primary tumour histology does not affect the incidence 
of metachronous contralateral tumours, the incidence is markedly 
influenced by the patient’s age at the time of presentation.?! For 
example, younger patients (<30 years of age at initial diagnosis) have 
a higher incidence of bilateral metachronous seminoma compared 
with older men (3.9% (<30 years) vs. 1.9% (>30 years), p < 0.01). 


Perinatal risk factors 

The hypothesis that the development of testicular cancer is initi- 
ated in very early life has focused research onto possible perinatal 
factors, such as birth weight, gestational age, maternal age, mater- 
nal smoking, maternal parity, and birth order.?? For example, low 
birth weight was reported to be associated with GCT development 
risk in several studies.?374 However, a recent meta-analysis found 
only modest support for this relationship (estimated odds ratio 
of 1.28 (95% CI = 0.99-1.65)).*5 In contrast, it does appear that 
a decreased gestational age is associated with an increased risk of 
testicular cancer.*° In summary, these studies suggest tentative evi- 
dence that birth weight and gestational age are associated with the 
risk of testicular cancer. 

With regards to maternal factors, researchers have examined age, 
smoking, and various perinatal factors. Reports suggest that mater- 
nal age is linked to the risk of developing GCTs.?”-?? However, the 
exact relationship is unclear, as tumour risk appears increased in 
sons of both younger (<20 years) and older (230 years) mothers. 
Several conflicting reports have detailed an association between 
maternal smoking and the risk of testicular cancer.>°7! However, a 
recently published case-control study from Scandinavia and meta- 
analysis suggest no association between maternal smoking during 
pregnancy and the risk of testicular cancer in male offspring.*? 
A number of other perinatal factors, such as maternal body weight, 
maternal socioeconomic, hyperemesis gravidarum, or breech 
presentation, have been associated with risk for testicular cancer. 
However, findings of these parameters do not concur and so cur- 
rently there is no definitive evidence to support any association of 
these factors and testicular tumour risk. 

Indirect evidence suggests that the intrauterine hormonal milieu 
may increase the risk of testicular cancer. An increased risk to devel- 
oped GCT reported among first born sons and dizygotic twins may be 
related to higher maternal oestrogen levels.*> Furthermore, maternal 
obesity, a condition consistent with increased serum free estradiol 


levels, has also been associated with GCT risk.*4 Because of these 
associations, the ‘oestrogen hypothesis’ was formally introduced in 
the 1990s.3> The effect of exogenous, as well as endogenous, estro- 
gene exposure has also been examined in several studies. Multiple 
case reports have noted the occurrence of testicular cancer in sons 
of estrogen-exposed mothers.*° Other researchers have reported 
conflicting results and reviews of the literature have concluded, in 
general, that the supporting data are equivocal.*” Endocrine disrupt- 
ing chemical (EDC) exposure could potentially alter the hormonal 
intrauterine environment.** EDCs have been defined as exogenous 
agents that interfere with the production, release, transport, metab- 
olism, binding, action, or elimination of the natural hormones in the 
body.*° Persistent organochlorine pesticides (e.g. dichlorodiphenyl- 
trichloroethane (DDT), dichlorodiphenyldichloroethylene (DDE)) 
are important representative of EDCs. Several epidemiologic stud- 
ies of EDCs and testicular cancer have been reported. For example, 
McGlynn et al. investigated the role of pesticides early life exposure 
in GCT development.“ In a case-control study they showed that 
high serum levels of the pesticide DDE were significantly associ- 
ated with an increased risk of development of testicular cancer. An 
exposure to these persistent organic pesticides during fetal life or via 
breastfeeding may increase the risk of GCT in young men. Another 
US study, however, did not find any associations between testis can- 
cer and organochlorine pesticides.*! Differences in the dates of sam- 
ple collection may explain some of the discrepancy in results. 


Postnatal risk factors 
A number of studies have examined associations between postna- 
tal factors and testicular cancer. It was shown that several factors 
such as body mass index, puberty age, and body size are not associ- 
ated with risk of testicular cancer. But height, in contrast, has been 
positively associated with a risk of germ cell cancer in most studies, 
although further confirmation is needed.” An association between 
diet and the risk of testicular cancer has been proposed and studied 
in several contexts. High fat intake and dairy products, largely in 
childhood, lead to an increased risk of testicular cancer.43-4° Garner 
et al. examined the association between 17 food groups and the risk 
of testicular cancer, and found that luncheon meats and cheese were 
significantly associated with an increased risk of testicular cancer.*® 
A protective effect of childhood physical activity has been reported 
by several studies*”-4* but not by others.4%°° In addition, one study 
found a direct association between physical activity and testis cancer 
risk.>! Overall, however, the evidence suggests that decreased child- 
hood physical activity and GCT risk may be associated. 
Occupational studies of testicular cancer have not confirmed 
any single profession as a risk factor. Some studies have found an 
increased risk of testicular tumours among firefighters,** metal 
workers,” leather workers,* aircraft technicians,” and agricul- 
tural workers.°° In general, white collar workers have been found 
to be at higher risk of testicular germ cell tumour (TGCT) than 
blue collar workers, thus observed occupational associations could 
be confounded by socioeconomic status.°” Early studies indicated 
that higher socioeconomic status was associated with an increased 
risk>® while more current studies have found little association.*? 
An infectious aetiology of testicular cancer was suggested based 
on epidemiologic parallels with Hodgkin disease.© In several 
reports an increased risk of testicular cancer was found among 
men infected with human immunodeficiency virus (HIV).6162 
Two members of the herpes virus family, Epstein-Barr virus and 


cytomegalovirus (CMV) have been suggested to have oncogenic 
potential.®? Both viruses have been implicated in the aetiology of 
testicular cancer.®4% 

There have been several reports linking trauma to the tes- 
ticle or scrotum with testicular cancer, but epidemiological evi- 
dence is inconclusive because of the difficulty in assessing trauma 
retrospectively. °7 

Sperm abnormalities are frequently found in patients with tes- 
tis tumours. As the incidence of testicular cancer has increased 
over the past 30 years, there has been a corresponding decrease 
in fertility and semen quality among men in Western countries. 
Subsequently, several studies have shown an association between 
male infertility or subfertility and testicular cancer.6%70 So Raman 
et al. reported that infertile men with abnormal semen analyses 
had a 20 times greater incidence of testicular cancer than the gen- 
eral population.”! While studies support the existence of common 
aetiological factors between subfertility and testicular cancer, the 
exact causative factors have yet to be thoroughly defined. 


Genetic factors 
Familial studies have provided the strongest evidence supporting a 
role for inherited susceptibility for testicular cancer. In comparison 
with the general population, the risk of testicular cancer has been 
reported to be eightfold higher in brothers and fourfold higher 
in sons of affected men.”*73 Migration studies, especially from 
Finland, Sweden, and Denmark, where the incidence of testicular 
cancer is low, medium and high, respectively, support the hypoth- 
esis of shared genes rather than shared environmental exposures. 
The risk of testicular cancer in Finnish men migrating to Sweden 
remained low regardless of age of migration,”4 and the risk of tes- 
ticular cancer in Danish men migrating to Sweden remained high.” 
Testicular cancer has been also associated with genetic altera- 
tions. Rapley et al.’° first reported evidence for a testicular cancer 
susceptibility gene, TGCT1, located on chromosome Xq27. Data 
suggest that several loci must contribute to GCT susceptibility 
and that no one locus explains a large fraction of the familial risk. 
Several studies showed that GCTs are also characterized by gain of 
the short arm of chromosome 12 in almost all cases.”””8 Genome- 
wide association studies in cohorts of patients with testicular can- 
cer identified a specific single nucleotide polymorphisms relating to 
genes involved in early gonadal development, including DMRT17? 
and KITLG.®8! This observation is of significant relevance in the 
context of the origin of the cancer, and might be a putative target 
for identification of high-risk individuals in specific populations. 


Epidemiology 

Testicular cancer is the most common cancer among men between 
the ages of 15 to 45 years. It has been shown that 84% of testis can- 
cers occurs among men at ages of 15 and 44 years, whereas only 
15% of the GCT occur in men aged 45 years and older. The inci- 
dence of non-seminoma peaks at approximately age 25 years, while 
the incidence of seminoma peaks at age 35 years. 

In 2008, the global age-standardized incidence rate of testicular 
cancer was 1.5 per 100,000 men per year.8? The incidence of GCTs 
shows marked variations among different countries. The highest 
incidence rates in the world occur in populations of Scandinavia 
(15.2 per 100,000 per year). Men from northern Europe, in par- 
ticular Norwegian and Danish men, have incidence rates five to 
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ten times higher than African and Asian men (e.g. Japan: 0.8 per 
100,000 per year). In the United States, it is estimated that 8,400 
men diagnosed with and 380 men died of testicular cancer in the 
year 2009. 

Testicular cancer incidence varies considerably among racial 
and ethnic groups. For example, in the United States, the incidence 
of testicular cancer between 1973 and 2004 among white men 
was 5.46 per 100,000, while the incidence among black men was 
0.95 per 100,000.83 

The incidence of testicular cancer has doubled in the past 
30 years and is still increasing.!> A large geographic difference exists 
hypothesizing a combination of genetic factors and environmental 
influences, but the reason for this development is still unexplained. 


Diagnostic procedures in testicular cancer 


Clinical presentation and first diagnostic steps 


Most testicular cancer patients present with a primary tumour 
in the testis. Delay in diagnosing germ cell cancer may be caused 
either by patients who ignore symptoms too long or by physicians 
who fail to make the correct diagnosis: for example, misclassify- 
ing a testicular mass as epididymitis or back pain from retroperi- 
toneal disease resulting from vertebral disc problems. Therefore, a 
high level of suspicion should be maintained in young men with 
any of these clinical features. In a minority of patients, the primary 
tumour manifestation is located extragonadally, that is, in the ret- 
roperitoneum or the mediastinum. 

When assessing the patient's history, the following risk factors for 
the development of testicular tumours should be addressed: contra- 
lateral testicular tumour, undescended testis/cryptorchidism, 
history of infertility and testicular tumour among first-degree rela- 
tives, particularly in the father and/or brothers. 

In patients suspicious of a testicular tumour diagnostic examina- 
tions including testis palpation, ultrasound of the testes (7.5 MHz 
transducer) and the determination of serum tumour markers 
alpha-fetoprotein (AFP), -human chorionic gonadotropin, and 
lactic dehydrogenase (LDH) are mandatory. 


Tumour markers 

Serum tumour markers play a crucial role in the management 
of patients with testicular cancer, contributing to diagnosis, sta- 
ging, and risk assessment, evaluation of response to treatment 
and detection of relapse. Alpha-fetoprotein (AFP), HCG and 
lactate dehydrogenase (LDH) are established serum markers. 
Other serum tumour markers like placental alkaline phosphatase 
(PLAP) have been evaluated but provide limited additional clin- 
ical information. 


Alpha-fetoprotein 


Alpha-fetoprotein (AFP) is a homolog of albumin and is thought 
to act as a carrier protein in the foetus. During pregnancy, AFP is 
initially produced by the yolk sac and later by the fetal liver.*4 After 
birth, circulating concentrations decrease with a half-life of 5 days, 
falling to adult levels (less 10-15 ug/L). In adults with testicular 
cancer AFP is a sensitive marker for non-seminomatous tumours 
especially in yolk sac tumours and increases in 50-70% of NSGCT 
patients. Rising levels of serum AFP indicate persistent germ cell 
tumour, even in the absence of radiographic evidence of disease. 
Elevated serum concentrations of AFP occur in most hepatocellular 
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carcinomas and 10-30% of other gastrointestinal cancers, but these 
diseases are rare in patients with testicular cancer. Also benign 
liver disease, in particular hepatitis, and liver damage induced by 
chemotherapy are often associated with moderately elevated serum 
AFP levels, and may result in misinterpretation especially if levels 
are rising.8586 


Human chorionic gonadotropin 


Human chorionic gonadotropin (HCG) is a member of the glyco- 
protein hormone family, which includes luteinizing hormone (LH), 
follicle stimulating hormone (FSH), and thyroid stimulating hor- 
mone. HCG is secreted at low levels by the pituitary, producing 
plasma levels that are measurable by sensitive methods. The serum 
concentrations may increase with age, the upper reference limit for 
men below 50 years of age is 0.7 U/L and for men above this age 
2.1 U/L.®” The B-subunit of HCG (HCG&) is secreted by germ cell 
tumours especially seminoma and choriocarcinoma. An increased 
hCG is seen in 40-60% of NSGCT patients and up to 30% of semi- 
nomas can present or develop an elevated HCG level. 

It is important to note that chemotherapy often causes gonadal 
suppression that increases the HCG levels. Therefore, levels increas- 
ing from below 2 up to 5-8 U/L during chemotherapy are often 
iatrogenic and do not necessarily indicate relapse. Moderately ele- 
vated levels of HCG may be of pituitary origin, especially if accom- 
panying with higher serum levels of LH and FSH and are attributed 
to interrupted feedback inhibition from the gonads.888? 


Lactate dehydrogenase 


The enzyme lactate dehydrogenase (LDH) exists as a tetramer that 
may contain various combinations of two subunits, LDH-A, LDH-B. 
The various subunits can combine in five isoenzymes (LDH1, LDH-2, 
LDH-3, LDH-4, LDH-5). LDH is expressed in many tissues and ele- 
vated levels may be caused by a wide variety of diseases like hemolysis, 
meningitis, encephalitis, acute pancreatitis, and HIV. Despite its lack 
of specificity, LDH is a useful marker in germ cell tumours.” Its level 
may be elevated in 80% of patients with advanced testicular cancer 
and LDH concentration is proportional to tumour volume. 


Other serum tumour markers 


A tumour-associated isoenzyme of alkaline phosphatase was first 
described in a patient with lung cancer and later detected in serum 
of patients with other cancers and identified as PLAP. PLAP is ele- 
vated most frequently in patients with seminoma (60-70%), and 
less frequently in those with other GCTs. Serum concentrations of 
PLAP are increased up to 10-fold in smokers,?! and so this limits 
its clinical application. PLAP detection is not routinely included in 
the diagnostic work up of testicular cancer patients. 
Neuron-specific enolase (NSE) is elevated in about 30-50% of patients 
with seminomas and less often in NSGCT patients.°”°? However, in 
spite of these promising results, the use of NSE is limited and apart from 
the possible diagnosis of primitive neuroectodermal differentiated 
tumours (PNET) after chemotherapy, not routinely recommended. 


Inguinal exploration, orchiectomy, and partial orchiectomy 

Surgical exploration is obligatory for suspected tumours. If the 
patient has life-threatening metastatic disease or massive eleva- 
tion of markers in conjunction with large metastatic masses, an 
orchiectomy should not delay chemotherapy and may be deferred 
until clinical stabilization (usually end of chemotherapy). If the 


histological origin of the metastatic disease in this scenario is 
unclear a biopsy of the tumour mass could be performed. A com- 
bined elevation of hCG and AFP is extremely suspicious of germ 
cell cancer even without a testicular mass. In cases with extrago- 
nadal origin a computed tomography (CT) scan of the abdomen is 
indicated followed by guided biopsy of any retroperitoneal mass. 
An open surgical exploration of the abdomen in the presence of a 
dual marker rise should be avoided. 

Radical orchiectomy should be performed through an inguinal 
incision and a division of the spermatic cord at the internal 
inguinal ring if a tumour is found. If the testicular cancer diagnosis 
is not clear, a biopsy is taken for frozen section histological exam- 
ination. In cases of small testicular masses, histology by frozen sec- 
tion should be performed in order to avoid orchiectomy for benign 
tumours. Organ-sparing surgery can be attempted in special cases 
(e.g. bilateral testicular tumours, metachronous contralateral 
tumours, tumour in a solitary testis with normal preoperative tes- 
tosterone levels).?4 These options must be carefully discussed with 
the patient and surgery performed in a centre with experience.’ 


Contralateral biopsy 

Contralateral biopsy has been advocated to rule out the presence 
of GCNIS (germ cell neoplasia in situ), a malignant pre-invasive 
testicular germ cell lesion. Without treatment 70% of GCNIS pro- 
gresses to a definitive germ cell tumour within 7 years. Up to 9% 
(approximately 2.5%) of the patients with testicular cancer have a 
GCNIS in contralateral testis.?%°” 

According to current guidelines, a biopsy of the contralateral testis 
is recommended for high-risk patients to look for germ cell neopla- 
sia in situ. High risk is defined as a patient with a testicular volume 
of less than 12 mL, an age less then 40 years, a history of crypt- 
orchidism or poor spermatogenesis (less than 15 million sperms 
per millilitre of semen).?° The benefit of biopsy (i.e. diagnosis and 
treatment of GCNIS) must be weighed against its risk (trauma to/ 
reduction in volume of a solitary testicle) and the risks of GCNIS 
treatment (infertility following radiotherapy to the solitary testicle) 
and the low mortality rates from contralateral tumours. A recent 
prospectively randomized study from SWENOTECA showed in 
988 patients with early stage non-seminoma that the proportion 
of bilateral cancers was similar in biopsy-negative patients (3.6%) 
and patients without a biopsy (3.0%).?? They documented a high 
proportion of false negative biopsies, which might explain why 
patients with negative biopsy had the same risk of contralateral 
tumour as patients not undergoing biopsy. These results may lead 
to change current guidelines and not to recommend contralateral 
biopsy in GCT patients. 


Imaging procedures 

After histopathological classification of the tumour, further staging 
is necessary. This comprises radiological (usually CT) scanning of 
the thorax, abdomen, and pelvis, and measuring the kinetics of 
serum tumour markers. A chest X-ray could be considered as the 
only thoracic examination in seminoma patients in whom abdom- 
inal and pelvic CT scans are negative. Magnetic resonance imaging 
can be helpful when CT scan is inconclusive, when CT scan is 
contraindicated or in cases of concern about radiation expos- 
ure. Other examinations, such as brain or spinal CT, bone scan, 
or liver ultrasound, should be performed in presence of symp- 
toms or a suspicion of metastases to these organs (Table 6.33.2). 
A fluorodeoxyglucose-PET (FDG-PET) scan in the initial staging 


Table 6.33.2 Diagnostic procedures 
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Table 6.33.3 TNM classification 


Diagnostic procedure TNM staging Unit Value 
Laboratory Tumour markers: Primary pTX Primary tumour cannot be assessed. (If no 
findings + «-fetoprotein (AFP) tumour (T) radical orchiectomy has been performed, 
 B-human chorionic gonadotropin (B-HCG) Eset, 
+ Lactate dehydrogenase (LDH) pTO No evidence of primary tumour (e.g. 
3 3 histologic scar in testis) 
Imaging Testicular ultrasound (7.5-MHz transducer)Chest X-ray 
(seminoma CS |) pTis Intratubular germ cell neoplasia (germ cell 
CT scan of abdomen and pelvis neoplasia in situ) 
Chest CT scan (not mandatory for seminoma CS 1) pTi Tumour limited to the testis and epididymis 
MRT of chest and abdomen (only if contraindication for without vascular/ lymphatic Doda 
CT scan) umour may invade into the tunica 
<i s f i albuginea but not the tunica vaginalis 
CT of central nervous system (in advanced disease or in 
presence of symptoms) pT2 Tumour limited to the testis and epididymis 
Ultrasound of liver (only in presence of symptoms) arni vascular/lymphatic Lee or camodn 
: extending through the tunica albuginea 
Bone scan (only in presence of symptoms) Lon : sone 
with involvement of the tunica vaginalis 
PET scan: identification viable tissue in residual lesion in = : 7 à 
seminoma (follow-up) pT3 umour invades the spermatic cord with or 
without vascular/lymphatic invasion 
Fertility Total testosterone, LH, FSHSemen analysis r 
: ae T4 Tumour invades the scrotum with or 
Investigations Sperm banking / cryopreservation E A a 
without vascular/lymphatic invasion 
Regional NX NO N1 Regional lymph nodes cannot be assessedNo 
lymph regional lymph node metastasis 
examination of testicular cancer is not recommended, but seems nodes (N) Metastasis with a lymph node mass 2 cm or 
to be useful in the follow-up of patients with seminoma to detect less in greatest dimension; or multiple lymph 
residual tumours after chemotherapy.!° nodes, none more than 2 cm in greatest 
, k dimension 
Further diagnostic procedures 
: : ‘ i N2 Metastasis with a lymph node mass, more 
In patients with testicular cancer a pretreatment fertility assess- i 
twithidet inati Ftestost LH. and FSH iad than 2 cm but not more than 5 cm in 
ment with determination o tes os erone, LH, an serum eve s greatest dimension; or multiple lymph 
should be performed (baseline examination to follow-up possible nodes, any one mass greater than 2 cm but 
hormonal long-term toxicity), and semen analysis and cryopreser- not more than 5 cm in greatest dimension 
vation should be offered to the patients. ae 
N3 Metastasis with a lymph node mass more 


Classification 


After completing histological analysis and staging investiga- 
tions, the clinical stage (CS) based on UICC/TNM classification 
and serum tumour markers should be defined (Tables 6.33.3 and 
6.33.4). Metastatic disease is classified according to the IGCCCG 
criteria including the histological features, location of primary and 
metastatic lesions and tumour marker levels (after orchiectomy) 
(Table 6.33.5). The optimal individual treatment strategy is predi- 
cated on the CS and the IGCCCG classification. 101102 


Summary and conclusion 


Testicular cancer is the most common malignancy in men 15 to 
45 years of age. The global age-standardized incidence rate of tes- 
ticular cancer is 1.5 per 100,000 men per year but increases up 
to 10 per 100,000 men per year in Northern Europe. Despite the 
increasing rates of testicular germ cell tumours seen during the 
last decades, the aetiology of testicular cancer remains in some 
parts poorly understood. Geographic and ethnic discrepancies 
suggest both environmental and genetic factors contribute to the 
development of germ cell tumours. The association with perinatal 
risk factors and congenital anomalies, as well as young age of 
onset, suggest that the tumour may originate in utero. Risk factors 


than 5 cm in greatest dimension 


Metastasis (M) MX Distant metastasis cannot be assessed 


MO No distant metastasis 
M1 Distant metastasis 
Mia Non-regional nodal or pulmonary metastasis 
M1b Other metastasis (non-pulmonary visceral 
metastasis) 
Serum tumour SX SO Marker studies not available or not 
markers S1 performed 
(S) (after Marker study levels within normal limits 
orchiectomy) LDH <1.5 x normal and HCG (mIU/mL) 
<5,000 and AFP (ng/mL) <1,000 
S2 LDH 1.5-10 x normal or HCG (mIU/mL) 
5,000-—50,000 or AFP (ng/mL) 1,000-10,000 
$3 LDH >10 x normal or HCG (mIU/mL) 


>50,000 or AFP (ng/mL) > 10,000 


From Sobin LH, Gospodariwicz M, Wittekind C (Eds), TNM classification of malignant 
tumors, UICC International Union Against Cancer, Seventh Edition, pp. 249-254, Copyright © 
Wiley-Blackwell 2009. Reproduced with permission of Blackwell Publishing Ltd. 
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Table 6.33.4 Clinical stages (CSs) 


Clinical stage cs TNM classification 
Stage | (CS 1) IA pT1 NO MO SO 
(no metastasis (M0) and IB pT2 NO MO SO 
negative regional lymph pT3 NO MO SO 
nodes (N0)) pT4 NO MO SO 
IS pT1-4 NO MO S1-3 
Stage II (CS Il) ILA pT1-4 N1 MO SO 
pT1-4 N1 MOS 
(positive regional lymph ll B pT1-4 N2 MO SO 
nodes (N+)) 071-4 N2 MOS 
lE pT1-4 N3 MO SO 
pT1-4 N3 MOS 
Stage III (CS III) IA pT1-4 N1-3 M1A SO 
pT1-4 N1-3 M1A S1 
(metastasis (M+)) lIl B pT1-4 N1-3 MO S2 
pT1-4 N1-3 M1A S2 
WC pT1-4 N1-3 MO $3 
pT1-4 N1-3 M1A $3 
pl 1-4 N1-3 M1B S0-1 
Adapted with permission from P. Albers (Chair), W. Albrecht, F. Algaba et al, Guidelines 
on Testicular Cancer, p.11, European Association of Urology, Copyright © European 
Association of Urology 2015, available from http://uroweb.org/wp-content/uploads/11- 
Testicular-Cancer_LR1.pdf. Source: data from Sobin LH, Gospodariwicz M, Wittekind C 
(Eds), TNM classification of malignant tumors, UICC International Union Against Cancer, 
Seventh Edition, pp. 249-254, Copyright © Wiley-Blackwell 2009. 


Table 6.33.5 |GCCCG classification 


for testicular cancer include cryptorchidism (maldescensus tes- 
tis), family history, and white race. If testicular cancer is diag- 
nosed early, the cure rate is nearly 99%. Patients presenting with 
a painless testicular mass, scrotal heaviness, a dull ache, or acute 
pain should receive a thorough examination. Testicular masses 
should be examined with scrotal ultrasonography. In every case 
of suspicion of testicular cancer tumour marker detection (AFP, 
hCG, LDH) is mandatory and a surgical exploration of the intrat- 
esticular mass is obligatory. Radical orchiectomy should be per- 
formed through an inguinal incision if a tumour is found to be 
malignant. Furthermore, radiological examinations including 
abdominopelvic CT scan and chest CT scan are required as initial 
staging investigations. In addition to imaging, the patient has to 
be classified with a CS based on UICC/TNM classification. For 
this purpose, serum tumour markers should be determined after 
orchiectomy. Patients with advanced disease are classified accord- 
ing to the IGCCCG classification. The correct individual classifi- 
cation of patients with testicular cancer according to diagnostic 
results followed by risk-adapted treatment plan is crucial for the 
success of the treatment. 

In early stage patients the recent aim of testicular cancer treatment 
is to avoid overtreatment and decrease short- and long-term toxicity. 
With the use of a risk-adapted treatment management, about a half 
of patients with early stage GCT will favour close surveillance instead 
of adjuvant treatment. Surveillance develops to be the preferred and 
most effective treatment option in managing early stage testicular 
germ cell tumour patients. In spite of compliance problems, the over- 
all disease-free survival in these patients is approaching 100%. 

The therapy of advanced testicular germ cell tumours is based on 
risk stratification according to clinical features and IGCCCG clas- 
sification. In patients with ‘good prognosis’ features chemotherapy 


IGCCCG NSGCT Seminoma 
Good e Testis or primary extragonadal retroperitoneal tumour + Any primary localization 
prognosis e Nonon-pulmonary visceral metastases e Nonon-pulmonary visceral 
@ AFP <1, 000 ng/mL metastases 
e B-HCG <1,000 ng/mL (<5,000 IU/I) + Any marker level 
+ LDH <1.5 x normal level 
Intermediate e Testis or primary extragonadal retroperitonealtumour @ Any primary localization 
prognosis No presence of non-pulmonary visceral metastases Presence of non-pulmonary 
@ AFP 1,000-10,000 ng/mL and/or visceral metastases (liver, 
e B-HCG 1,000-10,000 ng/mL (5,000-50,000 IU/!) and/or CNS,bone, intestinum) 
EN e Any tumour marker level 
Poor Primary mediastinal germ cell tumour with or without testis or primary retroperitoneal tumour Does not exist 
prognosis + Presence of non-pulmonary visceral metastases (liver, CNS, bone, intestinum) and/or 
+ AFP >10,000 ng/mL and/or 
+ B-HCG >10,000 ng/mL (50.000 IU/I) and/or 
+ LDH >10 x normal level 


Adapted with permission from P. Albers (Chair), W. Albrecht, F. Algaba et al, Guidelines on Testicular Cancer, p. 12, European Association of Urology, Copyright © European Association of 
Urology 2015, available from http://uroweb.org/wp-content/uploads/11-Testicular-Cancer_LR1.pdf 


with three cycles BEP or four cycles EP is the optimal treatment 
regimen and cure rates with either regimen with or without sur- 
gery approximate 90%. For patients with advanced disease and 
‘intermediate/poor prognosis’ features, intensification of the stand- 
ard treatment (four cycles BEP) is being investigated to increase 
long-term cure rates. These patients can have long-term freedom 
from disease progression when chemotherapy is combined with 
complete resection of residual masses. Future investigations should 
focus on further improving diagnostic procedures and treatment 
strategies to reduce the risk of late toxicities and improve cure rates. 
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CHAPTER 6.34 


Pathology of testicular tumours 


John Goepel 


Introduction to pathology 
of testicular tumours 


Though testis tumours are rare, they are the most frequent malig- 
nant tumour of young adults comprising 27% of cancers in males 
15 to 24 years, and have the highest cure rates of all male malig- 
nancies with 96% five-year survival.! So a correct prompt diagno- 
sis and management has potential huge benefits. The contribution 
of urological surgeons may involve initial diagnosis, orchidectomy 
to remove the primary tumour, and sometimes the resection of 
residual nodal masses after chemotherapy. These comments apply 
to germ cell tumours (seminoma and teratoma), which constitute 
the great majority of testis tumours, but there are several other 
tumours that can occur. 


Germ cell tumours 


Germ cell tumours comprise 95% of all testis tumours. They arise 
from spermatogonia within the seminiferous tubules, and may 
mimic their normal counterparts in differentiating into a wide 
variety of embryonic or extra-embryonic tissues. This results in 
a bewildering variety of histological patterns and descriptive cat- 
egories that may be helpful to pathologists in their diagnosis, but 
can be confusing for clinical staff particularly when there are no 
differences in therapy or outcome. The matter is further confused 
by the use of the same word ‘teratoma to have a somewhat dif- 
ferent meaning in the British and WHO classifications, as will be 
explained later. The term germ cell tumour will be used to cover the 
two broad categories of seminoma and non-seminoma. 


Incidence of germ cell tumours and risk factors 


The incidence varies considerably between countries, being high- 
est in Western Europe (7.8 per 100,000) and lowest in Western 
Africa (0.2). In Western Europe it has doubled over the last three 
decades, though may have stopped rising, and is currently 7 per 
100,000 males in the United Kingdom. Testicular maldescent is a 
recognized risk factor, though there is still debate as to whether, or 
to what extent, it is causative, or a reflection of a common risk path- 
way, as corrective surgery does not abrogate the risk completely. 
In subjects with unilateral cryporchidism undergoing orchidopexy 
before the age of about 10 to 12 years there is a continuing rela- 
tive risk of about 2 to 3 for a germ cell tumour. Delaying orchi- 
dopexy until after this age or not operating confers a relative risk 
of about 6.5 Hypospadias similarly confers an increased risk of a 
tumour, slightly less than cryptorchidism, but these risk factors do 
not seem to be familial traits.° The other established risk factors are 


a contralateral testis tumour, relative risk 25, and a family history, 
relative risk 3 to 10.78 

Men with infertility have the precursor lesion intratubular germ 
cell neoplasia, unclassified (IGCNU) in up to 1% of cases,’ but inci- 
dental abnormalities on ultrasound are generally benign, such as 
scars or Leydig cell lesions.!° 

Germ cell tumours are predominantly diseases of young adult 
males, with a peak incidence for non-seminoma in the third dec- 
ade and for seminoma in the fourth decade, with relatively fewer in 
later life. Germ cell tumours in infancy are discussed later: there are 
no germ cell tumours in the rest of childhood. 


Pathogenesis 


The neoplastic changes arise in utero in primordial germ cells 
before migration into the testis (or aberrant migration to thymus 
or pineal) where they occupy the germ cell niche. The tumour cells 
abnormally retain transcription factors for totipotent development, 
with aberrant expression of OCT3/4 (POU5F1) and NANOG as 
well as expressing placental alkaline phosphatase (PLAP) similar to 
primordial germ cells. After puberty there is expansion of this clone 
of abnormal germ cells, initially basally situated but later filling the 
seminiferous tubule with cells with abundant clear cytoplasm and 
an enlarged nucleus, referred to as carcinoma in situ or IGCNU, 
with expression of OCT3/4, NANOG, PLAP, and c-Kit (CD117). 
This situation can persist for many years, but the acquisition of 
extra copies of chromosome 12p, typically paired as isochromo- 
somes il2p, confers an invasive phenotype and the establishment 
of the germ cell tumour.!!-!3 Seminomas continue to express this 
phenotype, whereas embryonal carcinoma additionally expresses 
SOX2 as seen in their embryonal stem cell counterparts. Embryonal 
carcinoma expresses CD30, and this can be demonstrated in some 
morphological IGCNU, suggesting differentiation to intratubular 
embryonal carcinoma.!* The other patterns of germ cell tumour 
described below reflect the pluripotent precursors, with embryonic 
and extra-embryonic differentiation options. 

The risk of progression from IGCNU to cancer is approximately 
50% in five years, rising to 70% at seven years.!! The contralateral 
testis to the one with a tumour has a 5% risk of harbouring IGCNU, 
but the morbidity for treating it is such that it may not be advisable 
to undertake a biopsy.!° 


Clinical presentation 


A scrotal swelling, generally but not always painless, will be the 
presentation in 90% of patients with testicular germ cell tumours!®; 
though often large enough to be confidently recognized as a mass in 
the testis, there are also many patients who benefit from ultrasound 


examination of the testis to identify the location and character of a 
more subtle mass. However, with incidental testicular ultrasound 
alterations 80% are benign, so a conservative approach is appropri- 
ate in this scenario.!” Biopsy of testis lesions is regarded as scrotal 
violation, and alleged to lead to a poorer outcome, but this has been 
challenged and may be preferable to intraoperative frozen section. 18 

The remainder of patients present with metastatic spread. Para- 
aortic node deposits may cause backache, while a supraclavicular 
node may be visible. Pulmonary metastases may be so extensive 
as to cause dyspnoea, and with choriocarcinoma (malignant tera- 
toma trophoblastic) they may cause haemoptysis; this particularly 
aggressive variant also is more likely to result in brain or visceral 
deposits liable to haemorrhage and rupture. Sometimes the tes- 
tis primary will be tiny or regressed, though IGCNU may still be 
detectable.!° 

Germ cell tumours may also be primary at extragonadal sites in 2 
to 10% of cases,!9. particularly the retroperitoneum and mediasti- 
num, but also the brain. This is said to be a consequence of incom- 
plete or aberrant migration of primordial germ cells from the yolk 
sac to the genital ridge during embryonic development. However, 
before accepting an extragonadal origin a testis primary tumour 
must be carefully excluded. In general, extragonadal germ cell 
tumours carry a poorer prognosis, particularly non-seminomas.”! 

Sometimes ultrasound examination of the testis shows microlith- 
iasis. It is common to observe rounded calcified bodies within sem- 
iniferous tubules in the vicinity of germ cell tumours or IGCNU, 
so finding microlithiasis should prompt a careful evaluation of the 
testis. But if no tumour is found there is no proven benefit in an 
extended period of repeated examinations in anticipation of early 
detection of a tumour.” 


Classification of germ cell tumours 


Taken as a whole, germ cell tumours have been divided into five 
groups, !! three of which arise in the testis. Type I is tumours in neo- 
nates and infants, and type III is spermatocytic seminoma: these are 
discussed later. Type II is the tumours of adults which fall into two 
broad categories of seminoma and non-seminoma. Categorization 
of non-seminomas has been contentious, with the British Testicular 
Tumour Panel (BTTP)?° describing them all as malignant terato- 
mas and then subdividing them according to the patterns of dif- 
ferentiation observed. In contrast, the WHO? restricts the term 
teratoma to those tumours that have somatic differentiation such as 
resemblance to neural tissue, adipose tissue, or intestine. In other 
words, a teratoma shows the capacity to differentiate along the 
three lineages of ectoderm, mesoderm, and endoderm. The WHO 
then applies other terms to the other patterns of differentiation 
described below, and describes tumours as mixed when there is 
more than one pattern. Despite the inelegance of grouping tumours 
by what they are not, the BTTP system has not been kept up to date, 
so the WHO system is to be preferred. Comparison between BTTP 
and WHO designations is shown in Table 6.34.1. 


Seminoma 


Approximately half of all testis germ cell tumours are seminoma 
without other patterns of tumour.!? They do not occur before 
puberty, and are uncommon before the third decade, reaching 
a peak in the fourth decade with further cases throughout adult 
life. The macroscopic appearance is of a uniform pale mass, which 
may have necrosis in larger tumours, and there may be multiple 
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Table 6.34.1 Types of germ cell tumour arising is testis, adapted 
from Oosterhuis and Looijenga 


Type Phenotype Age Genotype 
l Teratoma Neonatesand Diploid (teratoma) 
Yolk sac tumour children Aneuploid (yolk sac tumour) 
Gain of 1q, 12(p13) and 20q 
Loss of 1p, 4, 6q 
lI Seminoma >15 years Aneuploid (+/- triploid) 
Non-seminoma Gain of X, 7, 8, 12p, 21 
Loss of Y, 1p, 11, 13, 18 
Il Spermatocytic >50 years Aneuploid 
seminoma Gain of 9 
Adapted by permission from Macmillan Publishers Ltd: Nature Reviews Cancer, Volume 5, 
Issue 3, J. Wolter Oosterhuis and Leendert H. J. Looijenga, ‘Testicular germ-cell tumours in a 


broader perspective’, pp. 210-22, Copyright © 2005. 


separate nodules corresponding to multiple foci of invasion from 
the precursor IGCNU. Spread within the testis results in invasion of 
the rete testis, the network of tubules connecting the seminiferous 
tubules to the epididymis. This interstitial rete invasion seems to 
correlate with an increased risk of dissemination.”4 

Microscopy shows a relatively uniform cell type with moder- 
ately abundant clear cytoplasm containing glycogen, and an open 
nucleus with readily visible nucleolus. The cells are generally not 
arranged in any particular pattern and lack cohesion though some 
variants are described.?> The stroma usually contains lymphocytes, 
which can be very abundant (Fig. 6.34.1). There may also be epithe- 
lioid histiocytes, and some cases are so floridly granulomatous that 
the seminoma can be obscured, giving a challenging differential 
diagnosis between a granulomatous seminoma and granulomatous 
orchitis. Seminoma cells are positive for the same markers as their 
intratubular precusor, OCT3/4, CD117 and PLAP, and are gener- 
ally negative for cytokeratins though focal staining can be seen. 
Immunohistochemistry is rarely required to make the diagnosis in 
a testis tumour, but can be valuable if the sample comes from a dis- 
tant lymph node or extragonadal tumour. About 7% of seminomas 
have recognizable syncytiotrophoblast cells scattered singly within 
them (in occasional tumours they are quite numerous) and these 
tumours have elevated serum human chorionic gonadotrophin 
(hCG). This variant, seminoma with syncytiotrophoblast cells, does 
not differ in clinical behaviour from classical seminoma. 

Following growth within the testis, seminoma will typically give 
rise to lymph node metastasis in para-aortic nodes. Sometimes 
lympho-vascular invasion can be seen in peritumoural or more 
distant vessels, and this correlates with increased risk of nodal dis- 
ease.?4 Nodal disease can extend to supraclavicular fossa, but vas- 
cular dissemination to the lungs or elsewhere is very uncommon. 
With the exception of those cases secreting hCG, there is no avail- 
able tumour marker for seminoma. 


Teratoma 


Used in the narrower WHO sense, this is a tumour with somatic dif- 
ferentiated elements.”? The macroscopic appearance is mixed solid 
and cystic. There are often cysts resembling gut or bronchus with 
a range of squamous or glandular epithelial patterns of differenti- 
ation. Smooth muscle may encircle these structures, and there may 
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Fig. 6.34.1 Seminoma histology. 


be islands of cartilage, adipose tissue, or neural tissue (Fig. 6.34.2). 
Although representation of all three germ cell layers is usual, some 
teratomas are more restricted in their range of differentiation. Pure 
teratoma is only 2-4% of adult testis tumours.!®!9 

In up to 6% of teratomas there is development of a somatic malig- 
nancy, carcinoma or more often sarcoma, and these tumours have a 
more aggressive course.”> 


Embryonal carcinoma 


Embryonal carcinoma (EC) tumour resembles a poorly differ- 
entiated adenocarcinoma. There are different possible architec- 
tural patterns, with a tubulo-papillary configuration often seen 
(Fig. 6.34.3). Necrosis is common. The cells are more cohesive 
than seminoma, and more dysplastic, but confusion is possible. 
Immunohistochemistry shows a positive reaction for OCT3/4 and 
sometimes PLAP, but unlike seminoma SOX2 expression signifies 
the next step of differentiation with resemblance to embryonal stem 
cells,!3 and cytokeratins and CD30 are also positive. Scattered syn- 
cytiotrophoblast cells may be present. 


Fig. 6.34.2 Teratoma histology. 


Fig. 6.34.3 Embryonal carcinoma histology. 


Yolk sac tumour 


Many different histological patterns are possible within this desig- 
nation, and there is ongoing debate about the suitability of the term. 
The patterns seen most often are cystic formations with a lining 
of attenuated or cuboidal epithelium, sometimes arranged around 
a central vascular core (a Schiller-Duval body), or loose blastema. 
The epithelial cells secrete, and stain positive for alpha fetoprotein 
(AFP), which is valuable as a tumour marker as well as histological 
diagnosis, particularly as yolk sack tumour (YST) is negative for 
OCT3/4 staining. 

As regards invasion and dissemination, EC and YST behave in 
the same way. There is local invasion in the testis with eventual 
spread into adjacent tissues; invasion of peritumoural vessels is an 
important indicator of increased risk of dissemination, and features 
in the TNM staging system, as well as frequently influencing deci- 
sions about adjuvant treatment. Lymphatic spread is to the para- 
aortic nodes, and vascular metastasis is common to the lungs. 


Choriocarcinoma 


This variant of germ cell tumour is histologically similar to the 
gestational tumour though clearly has a very different origin. 
Aggregates of atypical cytotrophoblast cells lie juxtaposed with 
atypical syncytiotrophoblast cells lying over their free border in a 
bilaminar manner reminiscent of chorionic villi. Vascular invasion 
is usual, and the tumours are generally haemorrhagic, sometimes 
to the extent that it appears to be a haematoma and a careful search 
is needed to find viable tumour cells. Vascular invasion also often 
results in extensive metastatic spread not only to the lungs but also 
the brain, liver, or other sites, where it may present with haemor- 
rhage, and serum hCG levels may be extremely elevated. 

Very rarely there are other primary testicular trophoblastic 
tumours such as placental site trophoblastic tumour, which is com- 
posed of extra-villous trophoblast cells.?6 


Mixed germ cell tumour 


Non-seminomatous tumours of one histological type are rare, and 
between one-third and one-half of all germ cell tumours of the 
testis have more than one histological pattern; all combinations 


Fig. 6.34.4 Mixed germ cell tumour. The pale nodule in the upper pole is typical 
of seminoma, while the variegated larger mass is non-seminoma. 


are possible (Fig. 6.34.4). The descriptor mixed germ cell tumour 
should then be followed by a listing of the components present. In 
the BTTP classification the presence of a separate mass of semi- 
noma along with any variety of non-seminoma is referred to as a 
combined tumour, followed by an indication as to what compo- 
nents are present; microscopic foci of seminoma do not affect the 
category (Table 6.34.2). 


Table 6.34.2 Comparison of WHO and BTTP systems for classifying 
germ cell tumours 


WHO term BTTP term 


Seminoma (S) Seminoma (S) 


Teratoma (T) Teratoma differentiated (TD) 
Embryonal carcinoma (EC) Malignant teratoma undifferentiated (MTU) 
Yolk sac tumour (YST) Malignant teratoma undifferentiated (MTU) 
Choriocarcinoma (chorio) Malignant teratoma trophoblastic (MTT) 
Mixed germ cell tumour Malignant teratoma intermediate (MTI) 
T and any EC or YST 
Mixed germ cell tumour Malignant teratoma trophoblastic (MTT) 
Chorio in any combination 
BTTP reproduced with permission from Collins DH and Pugh RCB, ‘Classification and 


frequency of testicular cancer’, British Journal of Urology, Volume 36, Supplement 1, pp. 1-11, 
Copyright © 1964 John Wiley and Sons. Source: WHO data in table compiled from Eble, 
JN, Sauter, G, Epstein JI and Sesterhenn IA, World Health Organization Classification of 
Tumours: Pathology and Genetics of Tumours of the Urinary System and Male Genital Organ, 
Volume 7, IARC, Lyon, Copyright © 2004. 
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Germ cell tumours in the infant testis 


Neonates and infants have germ cell tumours type I, rather than the 
adult Type I.!! These are not confined to the testis, indeed the sacral 
region is the most frequent. Their molecular pathology is quite dif- 
ferent with different chromosomal abnormalities. Morphologically 
they are either teratomas or yolk sac tumours, with a benign or 
malignant behaviour, respectively. 


Staging testicular tumours 


The TNM system for testis tumours,”” has the usual subdivisions to 
indicate the extent of tumour locally, node involvement, and meta- 
static spread, with the difference that peritumoural lymphovascular 
invasion defines the difference between pT1 and pT2. There is an 
additional S category, to indicate the degree of elevation of serum 
tumour markers. This is taken into account when deriving the 
TNM stage group from the T, N, M, and S information. 

The Royal Marsden Hospital (RMH) staging system?® 
(Table 6.34.3) is widely used by oncologists. This recognizes four 
stages according to the extent of spread and volume of disease, and 
also takes account of tumour marker elevation. 

Another clinical staging and prognostic system for guiding 
treatment options is that of the International Germ Cell Cancer 
Collaborative Group (IGCCCG).?° 


Outline of clinical management 


Orchidectomy is the usual initial treatment and for RMH stage 
1 is often followed by surveillance. Tumours with a high risk of 
metastatic spread or proven metastasis are offered chemotherapy. 
Management is greatly aided by the availability of tumour markers. 
Lactate dehydrogenase (LDH) is a generic tumour marker, while 
AFP and hCG are sufficiently specific to be invaluable in monitor- 
ing tumour burden 


Table 6.34.3 Royal Marsden Hospital staging system for testicular 
tumours—the full system also includes designation of the sites 
of metastatic disease 


Royal Marsden Hospital staging system, extract 


Stage 1 No evidence of metastasis 

1M No evidence of metastasis, but rising serum marker 
Stage 2 A Abdominal nodes up to 2 cm diameter 

2B From 2 to 55cm 

2¢ Over 5 cm 

Stage 3 Supradiaphragmatic node metastasis 

Stage 4 Extranodal metastasis (lung, liver brain, etc) 


Lung metastasis 


u1 Fewer than three metastases 
L2 3 or more metastases, up to 2 cm 
L3 3 or more metastases, one over 2 cm 


Reprinted from The Lancet, Volume 325, Issue 8419, ‘Prognostic factors in advanced 
non-seminomatous germ-cell testicular tumours: Results of multicentre study. Report 
from the Medical Research Council Working Party on Testicular Tumours, pp. 8-11, 
Copyright © 1985, with permission from Elsevier, http://www.sciencedirect.com/science/ 
journal/01406736 
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Cure rates are very high, even for presentation with metastatic 
disease, and range from 90% down to 50% depending on the 
amount of tumour. Overall cures exceed 90% for seminoma and is 
99% for RMH stage 1.!° The marked sensitivity to chemotherapy is 
a consequence of its unusual molecular biology.!% 


Residual masses after chemotherapy 


If there is a residual mass after chemotherapy, for example retro- 
peritoneal, with no raised tumour marker then there are several 
possible explanations, and it is usual to proceed to surgical resec- 
tion. There are four common outcomes: necrotic tumour with none 
viable, fibrosis only, differentiated teratoma only, or viable other 
tumour types (EC or YST usually).!9 Much less often there is a 
new somatic tumour arisen from the teratoma, such as sarcoma or 
adenocarcinoma. 


Spermatocytic seminoma 


This is an uncommon testicular tumour, generally in older men, 
and is a germ cell tumour type III.!! It has a distinctive molecu- 
lar biology, with chromosome 9 changes seen most often. The 
histology is characterized by spermatocyte-like cells, hyperchro- 
matic small cells, and scattered giant cells, often mononuclear; 
the stroma may be oedematous and lacks a lymphocytic infiltrate. 
IGCNU is not seen. The differential diagnosis is from seminoma 
and lymphoma; spermatocytic seminoma is positive for SSX, XPA 
and MAGE-A4, and lacks expression of OCT3/4 and PLAP1!3° 
The usual spermatocytic seminoma is benign, so orchidectomy is 
curative. A rare malignant variant has a sarcoma developing from 
within the tumour. 


Lymphoma 


Lymphoma of the testis is about 4% of tumours, and tends to arise 
in older men. Diffuse large B-cell lymphoma is the particular var- 
iety seen most often, characterized by large lymphoid cells positive 
for CD20. Diffuse infiltration of the testis gives a destructive mass, 
though frequently some seminiferous tubules remain surrounded 
by tumour. This is an aggressive lymphoma, and though some cases 
are confined to the testis, it is common for the tumour to have 
spread locally or widely. The usual treatment is to offer multidrug 
chemotherapy. As the disease runs its course, testis lymphoma 
seems to have a particular predilection for recurrence in the cen- 
tral nervous system, even if CNS prophylactic treatment has been 
attempted.’ 

The testis is also a potential site of recurrence of lymphoblastic 
leukaemias. 


Sex cord stromal tumours 


Less frequent than germ cell tumours, these arise from other 
specialized tissue within the testis; similar tumours are seen in 
the ovary. 


Leydig cell tumour 


These tumours comprise 1% of all testis tumours and may occur at 
any age including children. Children may have isosexual precocious 
puberty, and adults may have gynaecomastia. The tumour forms a 
rounded mass within the body of the testis, characteristically yel- 
low or tan, and the cells have moderately abundant eosinophilic 


cytoplasm, sometimes with Reinke crystals, with a rounded nucleus 
and prominent nucleolus. Lipocytic and microcystic variants occur 

At least 90% of Leydig cell tumours are benign, but histological 
recognition of malignancy can be problematic. Features such as 
size, increased mitotic activity, Ki67 fraction, vascular invasion and 
expression of TP53 correlate with malignancy,> but the only proof 
is the presence of metastasis. 

A different area of confusion is separation of Leydig cell tumour 
from a hyperplastic nodule. Multiple small nodules are unlikely 
to be neoplastic, and are often seen in the context of atrophy in 
maldescent. Congenital adrenal hyperplasia due to defective hor- 
mone synthesis can be associated with substantial and progressive 
nodules of Leydig cells several centimetres across; which are usu- 
ally bilateral.33 


Sertoli cell tumour 


A rare tumour, it is composed of tubules or solid nests of columnar 
cells with pale eosinophilic cytoplasm like Sertoli cells. Usually a 
tumour of adults, those presenting in children are more likely to be 
associated with Carney or Peutz-Jegher syndromes, or be bilateral. 
There are large cell calcifying and sclerosing histological variants. 
Though generally benign, there are malignant ones.*4 


Granulosa cell and other tumours 


Other types of sex cord stromal tumours such as granulosa cell 
tumour are occasionally recorded in the testis.>° Juvenile granulosa 
cell tumours may be congenital or in neonates.*° 


Other tumours, benign and malignant 


There are several other uncommon tumours particularly seen in or 
around the testis, as well as tumours that can be found at any loca- 
tion, such as sarcoma. 


Epidermoid cyst 


This is a firm round mass with a wall lined by keratinizing squa- 
mous epithelium without dysplasia or adnexa, and lamellated kera- 
tin filling the cavity. Ultrasound typically has regular concentric 
echoes in a unilocular cyst, but neither this nor MRI are completely 
sensitive and specific.>” This is a benign lesion that can be managed 
by local resection. It is quite distinct from teratoma, and there is no 
associated IGCNU. 


Adenomatoid tumour 


Most often arising in relation to the head of the epididymis, this 
is a pale somewhat ill defined and slightly infiltrative mass. It is 
composed of anastomosing tubules and cysts of mesothelial cells.38 
Despite the capacity to infiltrate into the testis, this is a benign neo- 
plasm and simple excision is curative. 


Carcinoid tumour 


Carcinoid tumours may arise in children or adults, only sometimes 
with a teratoma component too. Most are benign but some progress 
to carcinoid syndrome.?®40 


Malignant mesothelioma of tunica vaginalis 


This tumour gives a hydrocele and mass lesion around the testis, 
but is rarely diagnosed preoperatively. Asbestos exposure may have 


occurred, but some patients are young. Survival is poor, particu- 
larly after local recurrence.4)? 


Miillerian tumour of borderline malignancy 


The appendix of the testis is a Miillerian remnant, and so these rare 
tumours may be derived from it. They present with persistent or 
recurrent hydrocele, and progress to a mass surrounding and sub- 
sequently invading the testis. 


Papillary cystadenoma of epididymis 
An uncommon tumour, it has a strong association with von Hipple- 
Lindau disease, and in this context may be bilateral.*4 


Paratesticular rhabdomyosarcoma 


This is a distinctive neoplasm of children and young adults, pre- 
senting as a mass adjacent to or surrounding the testis. The spin- 
dle cell variant embryonal rhabdomyosarcoma is the most frequent 
type. Metastasis may occur to para-aortic lymph nodes. Localized 
disease has a very good outcome.*>-46 


Liposarcoma of spermatic cord 


Adipocytic tumours of the cord need to be viewed with some cau- 
tion. The tissue derives from the retroperitoneum, and the tumours 
reflect this. Many of tumours will be well differentiated liposarcoma, 
sometimes with only minimal or focal cytological atypia. There is 
then the risk of evolution to a dedifferentiated liposarcoma.*” One 
of the surgical problems is defining the limits of the well differenti- 
ated component, due to its resemblance to normal adipose tissue. 


Further reading 


Cancer Registration Statistics England, 2010. Available at: http://www. 
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series-mb1-/no—41—2010/rft-cancer-registrations-2010.xls [Online]. 

Horwich A, Shipley J, Huddart R. Testicular germ-cell cancer. Lancet 2006; 
367(9512):754-65. 

Oosterhuis J, Looijenga L. Testicular germ-cell tmours in a broader 
perspective. Nat Rev Cancer 2005; 5:210-22. 

Wood HM, Elder JS. Cryptorchidism and testicular cancer: separating fact 
from fiction. J Urol 2009; 181:452-61. 

Woodward PJ, Heidenreich A, Looijenga LHJ, Oosterhuis JW, McLeod 
DG, Moller H. Testicular germ cell tumors. (pp. 217-78) In: Eble JN, 
Sauter G, Epstein JI, Sesterhann IA (eds). World Health Organization 
Classification of Tumours: Pathology and Genetics of the Urinary System 
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CHAPTER 6.35 


Testis cancer 


Treatment 


Axel Heidenreich 


Therapeutic concept 


Inguinal orchiectomy remains the initial step in treatment prior to 
any other systemic cytotoxic or radio-oncological therapy. Only in 
cases where chemotherapy needs to be initiated due to life threat- 
ening symptoms of extensive metastatic disease and in whom the 
diagnosis of a germ cell tumour is without doubt can inguinal 
orchiectomy be delayed.!-3 

Inguinal orchiectomy is not an emergency procedure and can be 
safely performed as an elective operation. Patients should be given 
time for semen cryopreservation (especially those with a solitary 
testicle, bilateral tumours, or even if they wish to in the presence 
of an apparently normal contralateral testis). A treatment delay of 
2 to 3 weeks does not result in an impairment of the prognosis.!~3 
Treatment, however, should be initiated as early as possible. 


Surgical treatment: inguinal orchiectomy 


Inguinal exploration and orchiectomy with early clamping of the 
spermatic cord is the treatment of choice for testicular cancer. The 
specimen reveals accurate histopathology and pathological stage 
classification.*° A properly performed radical orchiectomy is asso- 
ciated with minimal morbidity and provides excellent local control 
of the primary tumour in the vast majority of patients. However, 
any testicular mass of uncertain ranking must be explored by the 
inguinal approach to verify or exclude malignancy. Since benign 
testicular lesions are recognized with increasing frequency, fro- 
zen section analysis should be considered intraoperatively, which 
accurately differentiates malignant from benign testicular lesions 
with high sensitivity and specificity.°” The procedure may be per- 
formed using general, spinal, or local anaesthesia on an outpatient 
basis as described previously.*> Surgical complications occur in 
less than 5% of patients with postoperative bleeding representing 
the most common complication, which may occasionally result 
in a scrotal or retroperitoneal haematoma.’ Wound infection 
and paraesthesia of the scrotum are less common postoperative 
complications. 

Prior inguinal or scrotal surgery may alter the normal lymph- 
atic drainage of the testis so that specific measures have to be taken 
in cases of scrotal violation (such as an emergency scrotal explor- 
ation identifies a tumour rather than torsion), which is reported in 
a frequency of 4-17%.!0 A meta-analysis of patients with a history 
of scrotal violation at initial therapy demonstrated the local recur- 
rence rate was 2.9% compared to 0.4% for patients undergoing 


an inguinal radical orchiectomy.’ The current recommendations 
for the management of scrotal violation are: (i) in patients with 
low-stage seminoma, the radiation portals should be extended to 
include the ipsilateral inguinal region and scrotum; (ii) in patients 
with low-stage non-seminomatous germ cell tumour, the scrotal 
scar should be widely excised with the spermatic cord at the time 
of retroperitoneal lymph node dissection (RPLND); (iii) patients 
receiving induction chemotherapy for metastatic disease should 
have the cord stump excised at the time of PC-RPLND; however, 
given the relative absence of local relapse after systemic chemother- 
apy, an extensive inguinal dissection or hemiscrotectomy should 
not be performed. 


Surgical treatment: testis-sparing surgery 


Considering the growing attention to functional issues of cancer 
survivorship, surgical management of primary testicular tumours 
has to reflect potential long-term effects of orchidectomy, quality- 
of-life issues, and the potential impact on the endocrine and the 
exocrine function of the testis. 

Organ preserving surgery of testicular tumours is indicated 
under the following conditions:!-3.112 


+ benign testicular tumour such as epidermoid cysts, Leydig cell 
tumour, Sertoli cell tumour, and so on; 


+ benign epididymal masses such as adenomatoid tumours; 
¢ synchronous bilateral testicular germ cell tumours; 
metachronous testicular germ cell tumours; 

¢ unilateral testicular germ cell tumours in a solitary testicle. 


The aim of organ preserving testicular surgery is (i) to maintain 
endocrine function with physiological levels of testosterone, (ii) to 
preserve fertility with the option to father a child, and (iii) to main- 
tain quality of life. 

In patients with synchronous or metachronous bilateral tes- 
ticular germ cell tumours or a germ cell tumours arising in a soli- 
tary testicle, organ preservation can be attempted if the tumour 
is smaller than 2 cm in diameter (or at least smaller than 50% of 
the testicular volume). Furthermore, the serum levels of both tes- 
tosterone and luteinizing hormone (LH) should be in the normal 
range. An elevated LH in the presence of physiological testoster- 
one levels indicates compensated Leydig cell insufficiency, which 
might decompensate after local surgery and adjuvant radiation 
therapy. Another key aspect of patient selection is the compliance 
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(A) 


Fig. 6.35.1 Tumour enucleation in testicular germ cell tumours. (A) Identification of small intratesticular tumours after incision of the tunica albuginea just above the 


palpable tumour nodules. (B) Enucleation of multiple intratesticular tumours. 


of both patient and physician. In addition, a semen analysis should 
be obtained in order to assess fertility and to discuss the option 
of cryopreservation. Also testicular ultrasonography must be per- 
formed preoperatively with a 7.5-10 MHz scanner in order to 
assess intratesticular location and diameter of the tumour. 

The initial steps of the organ-sparing procedure are identical to the 
inguinal orchiectomy outlined above with all manipulations being 
performed under cold ischaemia. Warm ischaemia can result in 
damage of the Sertoli and the Leydig cells with consecutive impair- 
ment of the endocrine and the exocrine function of the testis. If the 
tumour is palpable the tunica albuginea is incised immediately above 
the testicular mass. Once the tumour is exposed the adjacent testicu- 
lar parenchyma can be scraped away with a small swab or the blade 
of a scalpel due to the pseudocapsule surrounding most of the small 
lesions (see Fig. 6.35.1). The testicular tumour is to be completely 
enucleated and send for frozen section examination to identify the 
histology (benign versus malignant) and to assess the surgical mar- 
gins. Once the tumour is completely removed, four biopsies are taken 
from the tumour bed and send for frozen section examination. 

The current studies demonstrate a five-year survival rate of 98% 
and maintenance of physiological testosterone serum levels in about 
90% of the patients without the need for testosterone substitution. 
The disease-free survival rate was 99%, local recurrence developed 
in 5.5%, and normal testosterone serum levels were maintained in 
85% of the patients. 

The use of testicular sparing surgery in testicular cancer requires 
a close follow-up for the early detection of possible local recur- 
rences. The best modality for local follow-up is scrotal ultrason- 
ography. We recommend the first ultrasound to be done four to 
six weeks postoperatively, a time when scar tissue has replaced the 
intraparenchymatous traumatic oedema. Thereafter, scrotal images 
should be taken every two months for the first year to adequately 
document the developing scar tissue for further follow-up stud- 
ies. Afterwards, six-month intervals seem to be adequate for early 
identification of local recurrences. In patients having undergone 
local adjuvant radiation therapy, scrotal ultrasonography can be 
safely omitted and the patient should be educated to self palpate the 
remaining testicle. In patients developing a local recurrence, radical 
orchiectomy has to be performed and androgen substitution has to 
be initiated. 


Surgical treatment: contralateral 

testis biopsy 

About 5% of all patients with a unilateral testicular germ cell 
tumour will harbour testicular intraepithelial neoplasia (TIN) in 
their contralateral testicle, which will be detected by an immu- 
nohistochemical evaluation of a randomly taken testis biopsy at 
the time of orchiectomy.!? In a recent prospective trial it has been 
shown that a systematic two-site biopsy of the testis improves sen- 
sitivity to detect TIN and the diagnostic extra yield imparted was 
18%.14 Currently, there exists controversy about the clinical util- 
ity of the contralateral biopsy, which is supposedly unnecessary for 
95% of patients.!-35 An evidence-based meta-analysis of all stud- 
ies concerned with the detection of TIN suggests that it is justified 
to recommend contralateral biopsy for men with a testis volume 
<12 mL and age <30 years at the time of diagnosis, since their risk 
for contralateral TIN is >34% (Table 6.35.1).!-3 It must be empha- 
sized that the biopsy specimen should be fixed in Bouin’s or in 
Stieve’s solution to preserve TIN cells for diagnosis. 


Table 6.35.1 Clinical risk factors for contralateral TIN in patients 
with unilateral testicular germ cell tumors 


Risk factor Relative risk 95% confidence 
intervel 

Testicular atrophy (<12 mL) 43 2.83-6.44 

History of cryptorchidism 2 121=3.63 

Age <30 years Ly 1.17-2.6 

Family history of testis cancer DD 1.25-12.3 

nfertility 1.6 1.10-10 
Source: data from Krege S et al, ‘European consensus conference on diagnosis and treatment 
of germ cell cancer: a report of the second meeting of the European Germ Cell Cancer 


Consensus group (EGCCCG): Part I’ European Urology, Volume 53, Issue 3, pp. 478-96, 
Copyright © 2008 European Association of Urology; Albers et al, ‘EAU guidelines on 
testicular cancer: 2011 update’ European Urology, Volume 60, Issue 2, pp. 304—19, Copyright 
© 2011 European Association of Urology; and Beyer J et al, ‘Maintaining success, reducing 
treatment burden, focusing on survivorship: Highlights from the third European consensus 
conference on diagnosis and treatment of germ-cell cancer, Annals of Oncology, Volume 24, 
Issue 4, pp. 878-888, Copyright © 2013, Oxford University Press. 


About one-third of patients with extragonadal germ cell cancer 
harbour TIN within one or both testicles which otherwise appear 
normal. The cumulative risk of developing a metachronous tes- 
ticular cancer 10 years after diagnosis and treatment of extrago- 
nadal germ cell tumours is only 10%, and higher among patients 
with non-seminomatous histology or retroperitoneal location than 
among patients with pure seminomatous histology (1.4%) or pri- 
mary mediastinal location (6.2%).1617 However, since all patients 
with extragonadal germ cell cancer will receive platinum-based 
chemotherapy which will eliminate a substantial percentage of 
TIN, a routinely performed bilateral testicular biopsy is not rec- 
ommended. Nevertheless, if biopsy is planned in patients with a 
higher risk for TIN following an extragonadal germ cell tumour, 
this should be preferably performed prior to chemotherapy. If per- 
formed thereafter, testicular biopsy may be considered not earlier 
than two years after the completion of chemotherapy. 

There are three possible therapeutic options for TIN: orchiec- 
tomy, radiotherapy with 20 Gy, or a surveillance strategy, which 
should be discussed with the patient.‘-> Both orchiectomy or 
radiotherapy offer definitive treatment of TIN, but will destroy any 
potential residual fertility. Since the interval between diagnosis of 
TIN and the development of a testicular tumour is usually long, 
a surveillance strategy is justified for patients who want to father 
children and have residual spermatogenesis at least sufficient for 
assisted fertilization. In the case of a surveillance strategy regularly 
performed evaluation of the TIN bearing testicle by ultrasound is 
mandatory. 

If radiation treatment is chosen a total dose of 20 Gy (single 
doses of 2 Gy, 5 fractions per week) seems to be the most appropri- 
ate treatment, which is able to safely eliminate all TIN loci. 


Treatment of seminomatous testicular 
germ cell tumours 


Clinical stage | seminoma 


Despite negative computerized tomography (CT) scans, there is a 
risk of 12% to 32% of occult retroperitoneal lymph node metastases 
depending on the absence or presence negative prognostic mark- 
ers. The cure rate of clinical stage I seminomatous germ cell cancer 
is close to 100% and can be achieved by the three different thera- 
peutic options: active surveillance, radiation therapy, and carbopl- 
atin mono-chemotherapy. 

No prognostic classification system has been prospectively vali- 
dated, and there is controversial evidence from Canadian surveil- 
lance studies that the size of the primary tumour (<4 cm versus 
>4 cm) and infiltration of the rete testis might represent independ- 
ent prognostic indicators for occult metastases.!® In contrast to 
the initial analyses from the Canadian group, however, these risk 
factors could not be validated in subsequent series for the identi- 
fication of seminoma patients with a high-risk of occult metasta- 
ses.!°-24 Patients with both factors represent a high-risk population 
with a relapse rate of around 35%, so that these histopathological 
parameters still should be documented. Patient age (<34 versus 
234 years) and the presence of vascular invasion (VI) are of equivo- 
cal prognostic relevance but they are of non-significant. 


Adjuvant radiotherapy 
Adjuvant retroperitoneal radiation therapy to the para-aortic or 
paracaval region was the most frequently used approach resulting 
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in a relapse-free long-term survival of 97%.!-3 Adjuvant radiother- 
apy results in a relapse rate of 3-4%. Almost all of these recurrences 
are located outside the irradiated area, mostly in the pelvis, or close 
to the border of the radiation fields especially in the area of the 
renal hilum. The target volume of irradiation includes the infra- 
diaphragmal paraaortal/paracaval lymphatics. The upper and lower 
field margins are defined by the upper edge of the thoracic vertebra 
11 and the lower edge of the lumbar vertebra 5. Ipsilateral to the 
primary tumour the lateral field margin should be extended to the 
renal hilum; the contralateral margin has to include the processus 
transversus of the lumbar vertebrae. The total dose is 20 Gy (single 
doses of 2.0 Gy each, five fractions per week) based on the results of 
the prospective randomized trial of the Medical Research Council 
(MRC) which compared 30 Gy with 20 Gy.*4 A recent follow-up 
analysis of the TE10, TE 18, and TE 19 trial including a total 2,466 
clincal stage I seminoma patients confirmed the non-inferiority 
of 20 Gy versus 30 Gy with a relapse rate of only 0.2% after three 
years.?> Adjuvant radiation therapy with limited target volume 
and doses may be associated with mild acute side effects (usually 
WHO grade I-II), predominantly in the form of gastrointestinal 
symptoms. Compared to no adjuvant treatment there is a small risk 
of secondary malignancies after radiation therapy.?”® Statistically 
significantly increased risks of solid cancers were observed 
among patients treated with radiotherapy alone (RR = 2.0, 95% 
CI = 1.9- 2.2), chemotherapy alone (RR = 1.8, 95% CI = 1.3-2.5), 
and both (RR = 2.9, 95% CI = 1.9-4.2). For patients diagnosed with 
seminomas or non-seminomatous tumours at age 35 years, cumu- 
lative risks of solid cancer 40 years later (i.e. to age 75 years) were 
36% and 31%, respectively, compared with 23% for the general 
population. Cancers of the lung (RR = 1.5, 95% CI = 1.2-1.7), colon 
(RR = 2.0, 95% CI = 1.7-2.5), bladder (RR = 2.7, 95% CI = 2.2-3.1), 
pancreas (RR = 3.6, 95% CI = 2.8-4.6), and stomach (RR = 4.0, 95% 
CI = 3.2-4.8) accounted for almost 60% of the total excess. Similar 
results were reported for a group of 2,707 long-term survivors with 
a mean follow-up of 17 years.?° The risk of secondary malignancies 
was 2.6-fold (95% CI, 1.7—4.0-fold) increased after subdiaphrag- 
matic radiotherapy. Based on these data of long-term toxicities 
adjuvant radiation therapy is no longer recommended by the major 
European guidelines on the management of testicular cancer.” 


Active surveillance 


A surveillance strategy should be used as the preferred treatment 
option in patients in whom this approach is considered feasible. 
This recommendation is based on the results of numerous pro- 
spective non-randomized studies of surveillance.3°-3 The data 
in these series are now mature and relapse rates have consistently 
been reported to be approximately 15% in unselected populations 
of patients with stage I disease. The predominant site of relapse in 
all studies was in the para-aortic lymph nodes in about 85% of all 
cases with relapses. The median time to relapse ranged from 12 to 
18 months, but late relapses (>5 years) have been reported in some 
series. Disease-specific survival is 99% overall and thus comparable 
to other options. 

An optimal follow-up strategy for patients on surveillance has 
not yet been determined. Most relapses occur within two years of 
diagnosis and less than 10% of recurrences are diagnosed beyond 
the third year of follow-up.!-? About 35% of relapses are detected 
by cross-sectional imaging techniques beyond the third year so that 
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these examinations might be limited to the first years of follow-up. 
Furthermore, surveillance programmes with a high volume of 
imaging apparently do not lead to earlier detection or less advanced 
stage at the time of relapse as compared to protocols with low- 
volume imaging.*4 Routine chest X-ray and serum marker estima- 
tion are likely of no value in follow-up protocols.°>° 


Adjuvant chemotherapy 


The MRC in the United Kingdom has conducted a randomized 
phase III study of 1,447 patients comparing adjuvant radiotherapy 
and a single course of carboplatin.*” Carboplatin was dosed based 
on an area under the curve (AUC) of 7 which is typically around 
15% greater than using a m? dosing regimen. A recent update of 
the study with 6.5 years median follow-up the five-year relapse rates 
were 4% and 5.3%, respectively, for radiotherapy and chemother- 
apy, HR 1.25 (90% C.I. 0.83-1.89).38 Sixty-seven per cent (67%) of 
those who relapsed in the carboplatin arm did so in the retroperi- 
toneum alone. An unexpected finding in this study was a reduction 
in the observed number of second primary germ cell tumours in 
patients treated with adjuvant chemotherapy with a five-year event 
rate of 1.96% with radiotherapy versus 0.54% with chemotherapy. 

This dosing schedule was also used in the Spanish Germ Cell 
Cancer Cooperative Group trials’? which reported on the prospect- 
ive treatment of patients with risk factors for recurrence (tumours 
>4 cm and/or Rete testis invasion) with two cycles of AUC7 carbo- 
platin and the five-year relapse rate was 3.8%. As observed in the 
MRC TE19 study most relapses were retroperitoneal, hence neces- 
sitating ongoing abdomino-pelvic CT imaging. When giving a sin- 
gle dose of carboplatin at an AUC of 7, it is important to calculate 
the dose based on an accurate measurement of the glomerular fil- 
tration rate and not to rely on a calculation of the creatine clearance 
based on the serum creatinine level. 

One major unanswered question about carboplatin chemother- 
apy in this setting is whether there are late effects of treatment. 
Like radiation, platinum-based chemotherapy has been associ- 
ated with an increased risk of cancer and heart disease. Although 
the total dose of the chemotherapy used in the treatment of stage 
I seminoma is low compared to the chemotherapy given for more 
advanced stage disease, only long-term follow-up studies will 
inform us whether there are long-term health issues associated 
with one or two doses of carboplatin. 

The relapse pattern after adjuvant single-agent carboplatin man- 
dates that continued cross-sectional imaging of the retroperitoneal 
lymph nodes is required (similar to surveillance). The vast majority 
of relapses occur within the first three years and follow-up efforts 
should thus concentrate on this time period with less frequent visits 
thereafter.°? 


Stage II seminoma 


At work-up after orchidectomy, about 15-20% of patients have 
radiologically involved para-aortic lymph nodes. Until now the 
standard treatment in CS IIA/B seminoma has been radiotherapy. 
Total doses in the range of 30-36 Gy seems reasonable: In CS IIA 
30 Gy and in CS IIB 36 Gy, respectively, are administered homo- 
geneously with single doses of 2Gy at five fractions per week.40-43 
With modern radiation techniques this treatment results in a 
relapse-free survival at six years of 95% for stage IIA and 89% for 
stage IIB. Overall survival is close to 100%.!~> The target volume 


includes the para-aortic and ipsilateral iliac lymphatics. The upper 
field margin is the upper border of the thoracic vertebra 11, the 
lower field margin is the upper border of the acetabulum. In CS 
IIA, the lateral field margins for the para-aortic fields are identical 
to those for CS I. In CS IIB the lateral field margins are individu- 
ally modified according to the extension of the lymph nodes with a 
safety margin of 1.0 to 1.5 cm. To reduce the risk of impairment of 
fertility due to scatter radiation dose shielding of the remaining tes- 
ticle during irradiation is mandatory. Three months post radiation 
therapy, abdominal and pelvic CT scans should be performed to 
document the treatment effect and as a basis for follow-up. 

In stage IIB chemotherapy with three cycles of standard dose cis- 
platin, etoposide and bleomycin (BEP), or four cycles of cisplatin 
and etoposide (EP) represents a treatment alternative to radiother- 
apy, particularly in patients with larger multinodal retroperitoneal 
disease, but may be associated with a higher risk of acute toxicity 
as compared to radiotherapy.‘* Single-agent carboplatin has not 
shown to safely eradicate retroperitoneal metastases in patients 
with stage II seminoma despite a dosage of AUC 7.45 


Seminoma, stage 2IIC 

For patients with ‘good’ prognosis disease, according to 
International Germ Cell Cancer Collaboration Group (IGCCCG) 
criteria,*° standard treatment is three cycles of BEP. In cases of 
contraindications against bleomycin four cycles of cisplatin and 
etoposide can be given. The original five-day BEP regimen (etopo- 
side 100 mg/m? and cisplatin 20 mg/m? each day, bleomycin 30 mg 
on days 1, 8, and 15) remains standard treatment for four cycles 
required in ‘intermediate’ prognosis patients. In seminomas, there 
is no poor prognosis group. Chemotherapy should be given with- 
out dose reductions at 22-day intervals. Postponing treatment (i.e. 
maximum of three days for each decision) should rarely be con- 
sidered in cases of existing fever, neutrophils <500 /ul, or platelets 
<100,000 /ul at day 1 of a subsequent cycle. 

With the introduction of an ‘intermediate’ prognosis group by 
the IGCCCG classification a group of patients has been defined 
who may reach a five-year survival of 80%. Available data support 
four cycles BEP as standard treatment in these patients. 


PC-RPLND in advanced seminomas 


Following primary cisplatin-based chemotherapy, viable cancer 
can be demonstrated in about 12-30% of men with residual masses 
>3 cm and in less than 10% in those with residual masses <3 cm 
in diameter. Following guideline-adapted cytotoxic protocols, 
however, the incidence of viable cancer in residual seminomatous 
masses has decreased to 20% irrespective of their size.47-° Adhering 
to the former recommendation to resect all residual masses >3 cm 
diameter would result in an overtreatment rate of 80% without any 
therapeutic benefit for the patient reducing PC-RPLND to a mere 
invasive staging procedure. Furthermore, surgical resection of 
residual seminomatous elements is technically challenging due to 
the severe desmoplastic reaction between the regressing mass and 
the adjacent vascular and visceral structures resulting in a higher 
frequency of additional intraoperative procedures and an increased 
rate of postoperative complications.*4 

In order to better select patients who might benefit from PC- 
RPLND, the role of FODG—PET to predict the presence of viable 
tumour in residual masses of advanced seminomas was prospectively 
evaluated. After initial positive results, studies were expanded to 54 


patients with 74 documented residual masses on computed tomog- 
raphy ranging from 1 cm to 11 cm.” After PET scanning the patients 
either underwent surgery or were followed clinically; any growing 
lesion was assumed to be malignant whereas regressing lesions or 
residual masses remaining stable for >24 months were considered 
to contain non-viable elements only. The sensitivity and specificity 
to detect viability with FDG-PET was 80% and 100%, respectively; 
there was no false—positive scan and there were three false negative 
PET scans. In accordance with the current recommendation of the 
European Germ Cell Cancer Consensus Group (EGCCCG), post 
chemotherapy as well as post-radiotherapy residual masses in semi- 
noma patients should not necessarily be resected, irrespective of 
their size, but should be closely followed by imaging investigations 
and tumour marker determinations.!~3 In patients with residual 
lesions of < 3 cm in size, the use FDG-PET scanning is optional. 
No resection or any other treatment modality besides further active 
surveillance is necessary in patients with a negative PET scan, while 
a positive PET scan, if performed more than six weeks after day 21 
of the last chemo-/radiotherapy, is a strong and reliable predictor of 
viable tumour tissue in patients with residual lesions.4¢ In FDG-PET 
positive patients, histology should be obtained by biopsy or resec- 
tion. Further treatment should be based on the results of histology 
and may include observation, surgery, radiation, or further chemo- 
therapy. In patients with progressive disease after first-line chemo- 
therapy histology should be obtained and salvage chemotherapy 
given after confirmation of seminoma.!3 


Treatment of patients with non-seminoma CS | 


If treatment is performed correctly, the cure rate of patients with CS 
I non-seminomatous germ-cell tumors (NSGCT) should be 99%, 
regardless of the management chosen. Basically, three treatment 
options with the same high cure rate but significantly differences 
in frequency and type of treatment-associated toxicities might be 
offered to the patient: active surveillance, primary chemotherapy 
with one to two cycles of cisplatin, etoposide, and bleomycin (PEB) 
and nerve-sparing RPLND (Fig. 6.35.2). When choosing a risk- 
adapted approach in clinical stage I NSGCT one has to reflect that 
all of the patients will be long-term survivors so that long-term side 
effects of treatment should be minimal or non-existent. According 
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Fig. 6.35.2 Treatment options in clinical stage | NSGCT. 
Source: data from Albers P et al, European Association of Urology, ‘EAU guidelines on testicular 
cancer: 2011 update’, European Urolology, Volume 60, Issue 2, pp. 304-19, Copyright © 201 
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to the most recommendations of the European Germ Cell Cancer 
Consensus Group Conference (EGCCCG) low-risk patients should 
be primarily offered active surveillance,!-? whereas systemic 
chemotherapy with two cycles of PEB represents the treatment of 
choice for high-risk patients. 


Active surveillance 


Active surveillance represents a treatment strategy with the aim to 
detect retroperitoneal or systemic relapses and to treat only those 
patients with documented metastatic disease thereby decreasing 
the risk of unnecessary overtreatment. 

When recommending active surveillance for low risk or in cer- 
tain scenarios also for stage I high-risk NSGCT, two major import- 
ant aspects have to be considered: (i) risk of secondary malignancies 
due to the repetitive radiation exposure of the imaging studies and 
(ii) more intensive treatment in case of relapse (three cycles PEB + 
post-chemotherapy RPLND) as compared to primary active ther- 
apy (one cycle PEB). 

In the case of active surveillance for CS I, low-risk NSGCT, the 
relapse rate is 27-30% when considering a long-term follow-up of 
<20 years.!-3 Relapses occur in the retroperitoneum in 54-78% of 
patients, in the lung in 13-31%, but are very rarely found in more 
than one visceral organ. With this approach 78-86% of patients 
do not need any further treatment after orchiectomy. If a patient 
under surveillance relapses, the administration of chemotherapy 
will result in a cure rate close to 100%. 

Patients with a low risk of relapse (no VI) should be managed 
by surveillance according to the EGCCCG recommendations for 
follow-up, which require at least five CT scans performed at 0, 3, 
12, 18, and 24 months.!-3 This follow-up protocol with extensive 
imaging studies, however, might lead to a high radiation exposure 
with significant long-term consequences for the patients. 

In a recent study Tarin et al.’ estimated the risk of secondary 
cancer associated with imaging related radiation during surveil- 
lance of stage I NSGCT using CT. In their analysis they evaluated 
surveillance protocols recommending about 16 CT scans over a 
five-year period and they took into consideration a 64-slice CT 
scanner obtaining images of the abdomen and pelvis with and 
without the chest. For calculation of organ specific radiation dose, 
a standardized, phantom male patient was used using the Monte 
Carlo simulation techniques. Lifetime attributable risks of cancer 
were estimated using the approach outlined in the Biological Effects 
of Ionizing Radiation VII Phase 2 report.>® With a five-year surveil- 
lance protocol the lifetime cancer risk ranged from 1 in 52 (1.9%) 
for an 18-year old to 1 in 63 (1.2%) for a 40-year old patient. If chest 
CTs were also obtained the risk increases to 1 in 39 (2.6%) and 1 
in 58 (1.6%), respectively. The relative risk of a secondary malig- 
nancy with surveillance compared to a single scan after RPLND is 
approximately 15.2. 

Various studies have been designed to reduce the number of CT 
scans during the surveillance strategy.” In order to reduce the 
number of CT scans during follow-up, the prospective randomized 
Medical Research Council Trial TE08 was initiated which compared 
the diagnostic efficacy of two versus five CT scans during the first 
two years of follow-up to detect the number of patients who relapse 
with intermediate and poor prognosis disease at relapse.” Some 
247 patients and 167 patients were randomized to the two-scan 
and the five-scan group, respectively. Besides CT scans, all patients 
underwent follow-up assessments at various time intervals: clinical 
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examination, evaluation of serum tumour markers AFP, 8-hCG, 
and lactate dehydrogenase (LDH), as well as chest X-ray. With a 
median follow-up of 40 months, 37 (15%) relapses have developed 
in the two-scan and 33 (20%) relapses have occurred in the five- 
scan group. None of the patients had poor prognosis disease at time 
of relapse, but two (0.8%) patients and one (0.6%) patient had inter- 
mediate prognosis disease. There were, however, some other statis- 
tically significant differences between the two groups with regard 
to the indicators of relapse. The proportion of patients in whom 
elevated tumour markers were the first indicators of relapsing dis- 
ease was 21.6% and 6.1% in the two-scan and the five-scan group, 
respectively. Interestingly, 16 patients had normal markers at time 
of orchiectomy but elevated markers at time of relapse underlin- 
ing the importance of serum tumour markers measurements in 
every patient with CS I NSGCT who undergoes active surveillance. 
In the two arms combined a total of 11 patients developed lung 
metastases, of whom 7 were tumour marker negative. The following 
conclusions can be drawn from this large prospective randomized 
trial: (i) fewer CT scans reduce the radiation exposure and costs 
without harming the patient; (ii) regular measurements of 8-hCG, 
AFP, and LDH together with chest X-rays and two abdominal CT 
scans are necessary for a surveillance programme, and (iii) it is 
unclear if this approach of reduced imaging studies can be applied 
for high-risk patients since only 10% of the recruited NSGCT dem- 
onstrated vascular invasion with a relapse rate of 32%. 


Non-risk-adapted active surveillance 

Vascular invasion (VI) of the primary tumour is the most import- 
ant prognostic indicator for relapse. Patients with VI have a 48% 
risk of developing metastatic disease whereas only 14-22% of 
patients without VI will relapse.*!-®4 A risk-adapted strategy 
based on the presence of VI with the application of two cycles PEB 
chemotherapy is the recommended standard procedure according 
to the EGCCCG and the EAU guidelines although.” 

Kakiashvili et al.® reported on the largest experience of nonrisk 
adapted surveillance in 371 patients with clinical stage I NSGCT. 
With regard to outcome measurements, patients were stratified 
into two cohorts based on the time of diagnosis with group 1 being 
diagnosed between 1981 and 1992 and group 2 being diagnosed 
between 1993-2005. The median follow-up is 6.3 years and the 
median time to relapse is 7.1 months. Presence of vascular inva- 
sion and pure embryonal carcinoma were identified as independ- 
ent predictors of relapse in both cohorts. Some 42% and 27.6% 
of both cohorts were high-risk patients and 54.5% and 49.2% of 
those patients relapsed as compared to only 18.7% and 14.2% in 
the low-risk group. Interestingly, the number of high-risk patients 
decreased over time which might be a result of improved diagnostic 
modalities and a more precise definition of high-risk disease. This 
nonrisk adapted surveillance strategy resulted in a five-year disease- 
specific and overall survival rate of 99.2% and 98.2%, respectively. 
This approach will spare unnecessary treatment in 50% of high- 
risk patients and it will thereby reduce the overall treatment burden 
in these young men. The retroperitoneum was the relapsing site in 
75% of the patients, in another 10% of the patients, relapse was only 
diagnosed by a tumour marker rise. 

In another retrospective study, 223 clinical stage I NSGCT 
underwent surveillance independent on their prognostic risk pro- 
file.© Vascular invasion was present, absent or unknown in 66%, 
27%, and 7%, respectively. After a median follow-up, 59 (26%) 


patients relapsed with good prognosis disease and all were salvaged 
by systemic chemotherapy, 8% of the patients needed to undergo 
post-chemotherapy RPLND. Only half of the relapsing patients 
demonstrated vascular invasion in their orchiectomy specimen. 

Furthermore, recent studies have questioned the high recurrence 
rate of close to 50%. In the retrospective study from Divrik et al.’ 
the relapse rate was only 35.9% in CS I NSGCT with only one risk 
factor which was defined as either presence of vascular invasion or 
percentage of embryonal carcinoma >50%. Rustin et al. reported 
a 32% two-year relapse rate among patients with vascular invasion. 
Also, Stephenson et al.68 described a progression rate of only 33% 
in patients with CS I NSGCT who would undergo surveillance. 
Based on these findings some authors offered surveillance even to 
patients with high-risk CS I NSGCT with excellent outcome. Al- 
Thourah et al.® retrospectively evaluated 107 CS I patients with 
predominant embryonal carcinoma who underwent active surveil- 
lance or nerve-sparing RPLND. With a median follow-up of four 
years 33% in the surveillance group experienced relapse and were 
salvaged with chemotherapy and post-chemotherapy RPLND. In 
the RPLND group 18 (56%) patients had pathological stage I and 14 
(44%) had pathological stage II disease. Four patients experienced 
a systemic relapse outside the boundaries of resection and all were 
cured by chemotherapy. Comparing both therapeutic approaches, 
33% of patients in the surveillance group and 46% of patients in the 
RPLND group needed systemic chemotherapy. Patients with both 
embryonal carcinoma and VI experienced systemic relapse in 59% 
and 57% of the cases in the surveillance arm and the RPLND arm, 
respectively whereas patients with none of the risk factors were 
cured in 65% by either treatment. 

Active surveillance might be used in both low and high-risk clin- 
ical stage I NSGCTs. Whereas it represents the standard approach 
in low-risk patients with an expected relapse rate of 12-15%, high- 
risk patients and physicians who follow the surveillance strategy 
have to be informed about the high relapse risk and the urgent 
need to adhere to strict follow-up schedules in order to maintain 
the high cure rate. 


Primary chemotherapy 


According to the EGCCCG and the EAU guidelines, patients 
with a high risk of relapse (VI present) should receive adjuvant 
chemotherapy with two cycles of BEP.!~? By the recommended 
approach of two cycles adjuvant PEB chemotherapy 97% of 
patients will remain relapse-free and the overall cure rate is >99% 
and the risk of recurrences decreases from 35-45% to 2-3%.7%71 
The Hellenic Cooperative Oncology Group has published its 
long-term results of two cycles adjuvant PEB chemotherapy in 
a cohort of 142 clinical stage I NSGCT who harboured vascu- 
lar invasion, invasion of the tunica vaginalis, spermatic cord rete 
testis or the scrotal wall, embryonal carcinoma >50%.7! With 
a median follow-up of 79 months, one patient experienced a 
systemic relapse and another patient developed a contralateral 
testicular germ cell tumour underlining the high therapeutic effi- 
cacy of two cycles PEB. 

The disadvantage of adjuvant treatment in high-risk patients is 
that half of the patients who receive adjuvant BEP would not have 
required chemotherapy at all and may be unnecessarily exposed to 
the side effects of chemotherapy, a possible transient decrease in 
fertility’? and possibly a small risk of secondary malignancies, as 
reported from patients receiving higher doses of chemotherapy. 


In order to decrease the potential long-term side effects asso- 
ciated with adjuvant chemotherapy, various groups have applied 
only one cycle of PEB chemotherapy in high-risk CSI NSGCT.72-75 
In a prospective randomized clinical phase II trial the German 
Testicular Cancer Study Group (GTCSG) randomized 382 patients 
with CS I NSGCT to either receive one cycle of PEB chemotherapy 
or RPLND.”4 After a median follow-up of 4.7 years, 2 (1.04%) and 
15 (7.8%) recurrences were detected in the chemotherapy and in 
the RPLND arm, respectively, resulting in a two-year recurrence- 
free survival rate of 99.46% versus 91.87% (p = 0.001). Although 
RPLND was associated with a significantly higher relapse rate, one 
has to consider that RPLND was performed in numerous centres 
with variable surgical experience which might have contributed to 
the relatively high frequency of intraabdominal relapses as com- 
pared to other studies. Quality of surgery, which could not be com- 
pared in all of the 61 participating centres (two-thirds of patients 
were recruited by only 12 institutions), is currently recognized as 
one of the main limitations of RPLND in a national setting. 

In another large prospective community-based multicenter 
management programme the Swedish and Norwegian Testicular 
Cancer Project (SWENTOCA) evaluated the therapeutic outcome 
of one cycle adjuvant chemotherapy according to the PEB regime 
in 745 CS I NSGCT patients.”> Treatment strategy was based on the 
presence or absence of vascular invasion. At a median follow-up 
of 4.7 years a total of 51 relapses were observed. 41.7% and 13.2% 
of patients with or without vascular invasion experienced relapse 
whereas only 3.2% and 1.3% of the patients developed recurrences 
following one cycle of chemotherapy. After a follow-up of more 
than four years, the data seem to be mature and one cycle of PEB 
chemotherapy might become the standard of therapy reducing 
both the total burden of chemotherapy for high-risk clinical stage 
I NSGCT compared to surveillance or adjuvant therapy with two 
cycles of PEB. 


Retroperitoneal lymph node dissection 

According to the EGCCCG and the EAU guidelines, patients 
unwilling to undergo a surveillance strategy or adjuvant chemo- 
therapy, nerve-sparing lymphadenectomy (NS-RPLND, see 
Fig. 6.35.3) may be performed.!-3 


Fig. 6.35.3 Intraoperative situs of a nerve-sparing bilateral RPLND for clinical 
stage | nonseminatous germ cell tumour demonstrating the sympathetic chain 
and ganglia and the sympathetic nerves running into the hypogastric plexus. 
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Primary RPLND is still widely practice in the United States for 
high-risk patients although less so in Canada and Europe. RPLND 
provides accurate staging information regarding RP lymph node 
status. With proper selection of patients for RPLND, two-thirds 
have low burden pathologic stage (pS) II disease, and almost 90% 
will be cured by surgery only.68 The rationale for primary nerve- 
sparing RPLND for patients with CS I NSGCT is based on the evi- 
dence that the RP represents the primary metastatic site in more 
than 80% of patients and that it is also the most frequently involved 
site of chemoresistant mature teratoma.’°7’ Virtually all patients 
who relapse after primary RPLND are chemotherapy naive and 
eventually cured by usually three cycles of cisplatin-based chemo- 
therapy. Only a minority of CS I NSGCT harbours occult systemic 
metastatic disease and might be better managed by inductive sys- 
temic chemotherapy. RPLND simplifies follow-up and makes it 
more liberal. Subsequent RP relapse is rare, and abdominal imaging 
can be restricted to one baseline CT a few months after surgery. 
With the introduction of nerve-spearing technique along with vari- 
ous modified templates, antegrade ejaculation rates 90-100% have 
been reported, with significantly reduced morbidity and virtually 
unknown mortality.”8-81 Patients selection factors on outcome after 
primary RPLND have been reported and the application of these 
parameters might allow a risk-adapted indication RPLND.’® The 
authors analysed a cohort of 453 patients with CS I to IIB NSGCT 
who underwent RPLND between 1989 and 2002. Of those, 308 
(68%) and 122 (27%) presented with CS I and CS IIA disease, 
respectively. Whereas the frequency of mature teratoma remained 
fairly constant in the two time periods (22% vs. 21%) the number 
of patients with low-volume disease (pN1) increased significantly 
from 40-64% (p = 0.01). Some 217 (70%) patients of the 308 CS 
I NSGCTs demonstrated true pathological stage I disease after 
RPLND. The four-year progression-free probability in this cohort 
was 97%; the risk of systemic progression decreased from 14% 
before 1999 to 1.3% after 1999 suggesting an improved risk strati- 
fication for systemic disease based on the selection criteria devel- 
oped after critical analysis of the first patient cohort being treated 
between 1989 and 1999. 

For CS, I NSGCT-elevated postorchiectomy tumour markers 
appear to be associated with a significantly increased risk of pro- 
gression which was as high as 72%. Stephenson et al.8? analysed 
the outcome of 267 patients with CS I and CS ILA NSGCTs with 
one or two of the aforementioned risk factors who underwent nsR- 
PLND. ECA and VI were present in 31% of the patients and ECA 
without VI was identified in 10% whereas 58% demonstrated VI 
without ECA. The presence of both risk factors was associate with 
a significantly higher risk of retroperitoneal metastases (54% vs. 
37%, p = 0.009). Patients with pathological stage I were followed 
actively and did not receive adjuvant chemotherapy whereas 22% 
and 83% of patients with pN1 and pN2 disease received two cycles 
PEB, respectively. All patients remained disease-free during the 
complete follow-up period. 16% of pathological stage II patients 
had teratoma in the retroperitoneum which would not have been 
eliminated by primary chemotherapy. 211 patients did not receive 
adjuvant chemotherapy. All relapsing patients could be salvage by 
four cycles EP chemotherapy. Summarizing the data of the total 
cohort of 267 patients, 80 (29.9%) CS I/IIA high-risk patients 
received either adjuvant or salvage chemotherapy. If only high-risk 
CS I NSGCT are considered an estimated 89% would have been 
free of progression five years after chemotherapy. 
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In a similar approach, Nicolai et al.8 reviewed their experience 
of primary RPLND with no adjuvant chemotherapy in a cohort of 
322 consecutive CS I NSGCT who were followed for a median time 
of 17 years. Some 262 (81.4%) patients were staged as pathological 
stage I, whereas 41 (12.7%) and 19 (5.9%) patients demonstrated 
pathological stage IIA and IIB, respectively. However, 50 patients 
(15.5%) developed a recurrence with 96% occurring the first two 
years of follow-up. The majority of relapses (n = 44) were located 
outside the retroperitoneum, whereas six and four relapses devel- 
oped in the retroperitoneum and in the contralateral testis. Some 
271 (84.1%) patients of the total cohort did not experience relaps- 
ing disease including 68.3% of the patients with pathological stage 
IIA/B. Based on multivariate analysis, presence of vascular inva- 
sion, percentage of embryonal carcinoma >50%, presence of lymph 
node metastases increased the probability of relapses by the factor 
2.7, 3.5, and 2.9, respectively.84 

Although rare with an incidence of only 2-5%, clinical stage 
I mature teratoma of the testis harbour a risk of about 16%8586 
for retroperitoneal lymph node metastases. The majority of these 
patients will demonstrate teratomatous elements in the retroperi- 
toneal lymph node metastases, so that nerve-sparing RPLND rep- 
resents the treatment of choice. 

When discussing nerve-sparing RPLND as primary treatment 
option in patients with CS I NSGCT, potential surgery-related 
complications have to be considered. The German Testicular 
Cancer Study Group evaluated the outcome of 239 CS I NSGCT 
who underwent nerve-sparing RPLND.*” Minor complications 
and major complications were observed in 14.2% and in 5.4%, 
respectively. Antegrade ejaculation could be preserved in 93.3% 
of the patients and the frequency of ejaculation correlated signifi- 
cantly with the experience of the single surgeon. 14 (.8%) patients 
developed relapses with the majority (n = 11) being located in the 
extraperitoneal areas. 

In summary, nerve-sparing RPLND seems to cure about 85% to 
90% of patients with high-risk CS I NSGCT. Whereas, 67% of low- 
risk NSGCT are overtreated due to true pathological stage I in 70% 
of the patients and a low systemic recurrence rate of 3%, high-risk 
patients might benefit from surgery. 


Stage IIA/B non-seminomatous germ cell tumours 


Low-stage testicular disease comprises clinical stages IIA and 
IIB associated with a cure rate of approximately 98%.!-> Patients 


with low-volume disease and abnormal tumour marker levels of 
AFP, %-hCG, or LDH are treated according to the algorithm of 
the IGCCCG and the EGCCCG recommendations (Fig. 6.35.4). 
Patients with marker negative retroperitoneal lymph nodes sus- 
pected to be clinical stage IIA might be offered two treatment 
options: nerve-sparing RPLND or surveillance. Primary RPLND 
is a viable approach in clinical stage IIA, since an overstaging is 
faced in about 20% of patients who would have been subjected to 
unnecessary chemotherapy otherwise; additional advantages of 
nerve-sparing RPLND are preservation of sympathetic nerves in 
80% of patients and accurate staging in all patients. Furthermore, 
adjuvant chemotherapy will only be necessary in patients with posi- 
tive lymph node disease and unfavourable prognostic markers.®889 
Risk of relapse is only about 15% if fewer than three lymph nodes 
are involved; the maximum lymph node diameter is <2 cm and 
there is no extranodal extension, so not all patients must undergo 
adjuvant chemotherapy and a subgroup of patients might be fol- 
lowed by surveillance. If primary surveillance without nsRPLND 
is chosen, follow-up at six-week intervals is indicated to document 
any growth or regression of the lesion. A growing mass indicates 
vital cancer and therapy can be initiated. A lesion decreasing in size 
usually does not harbour malignant disease and can be followed. 
As in clinical stage I disease, both therapeutic options should be 
intensively discussed with the patient, and parameters such as the 
wish to father a child, compliance of both patient and physician, 
and the need for safety must be integrated into the decision. The 
only exceptions are patients with elevated markers following rad- 
ical orchiectomy but no visible metastases on CT scans, who should 
undergo primary chemotherapy with three cycles of PEB.’ 

Patients with clinical stage IIB testicular cancer, however, will 
undergo primary chemotherapy depending on the serum concen- 
trations of the markers AFP, 8-hCG and LDH with three or four 
cycles of PEB followed by secondary RPLND in about 30% of cases, 
although basically the same three therapeutic options are available 
as for clinical stage IIA. 


Treatment of patients with advanced NSGCT 

For patients with ‘good’ prognosis disease, according to IGCCCG 
criteria (Tables 6.35.2, Table 6.35.3, and Table 6.35.4),*© stand- 
ard treatment is three cycles of BEP. In cases of contraindications 
against bleomycin four cycles of cisplatin and etoposide (EP) can be 
given.!-3 Chemotherapy should be given without dose reductions 
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Fig. 6.35.4 Treatment options in CS IIA NSGCT. 


Source: data from Albers P et al, European Association of Urology, ‘EAU guidelines on testicular cancer: 201 


European Association of Urology. 


update’, European Urolology, Volume 60, Issue 2, pp. 304-19, Copyright © 2011 


Table 6.35.2 IGCCCG risk classification for advanced non- 
seminomatous germ cell tumours 
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Table 6.35.4 Treatment recommendations according to IGCCCG risk 
group classification 


Prognosis 5-OS Nonseminoma Prognosis 5-OS Treatment Recomendation 
Good 90% Testis or primary extragonadal retroperitoneal tumour Good 90% 3 x PEB oder 4 x EP 
andio marker Intermediate 75% á x PEB 
AFP <1,000 ng/mL, B-HCG <1,000 ng/mL (<5,000 IU/I) 
Poor 50% 4 x PEB 


and LDH <1.5 x normal level and no non-pulmonary 
visceral metastases 


intermediate 75% Testis or primary extragonadal retroperitoneal tumour 


and intermediate markers 

AFP 1,000-10,000 ng/mL B-HCG 1,000-10,000 ng/ 
mL, LDH 1.5—10 x normal level and presence of non- 
pulmonary visceral metastases 


poor 50% Primary mediastinal germ cell tumour or presence 
of non-pulmonary visceral metastases and/or ‘high 
markers’ AFP >10,000 ng/mL, -HCG >10,000 ng/mL 


LDH >10 x UNL 


Source: data from International Germ Cell Cancer Collaborative Group (IGCCCG), ‘The 
International Germ Cell Consensus Classification: a prognostic factor based staging system 
for metastatic germ cell cancer’, Journal of Clinical Oncology, Volume 15, Number 2, 

pp. 594-603, Copyright © 1997 American Society of Clinical Oncology. 


at 22-day intervals. Postponing treatment (i.e. maximal of three 
days for each decision) should rarely be considered in cases of exist- 
ing fever, neutrophils <500 /ul, or platelets <100,000 /ul at day 1 of 
a subsequent cycle. 

There is no indication for routine prophylactic application of 
haematopoietic growth factors, such as granulocyte-colony stim- 
ulating factor (G-CSF). However, if serious infectious complica- 
tions have occurred during one preceding chemotherapy cycle, 
prophylactic administration of G-CSF is recommended in subse- 
quent cycles.!-3 Since dose reductions due to neutropenia should 
be avoided, prophylactic G-CSF should also be used if prolonged 
neutropenia occurs for maintenance of the required dose intensity. 

With the introduction of an ‘intermediate’ prognosis group by 
the IGCCCG classification, a group of patients has been defined 
who may reach a five-year survival of 80%. Available data support 
four cycles BEP as standard treatment in these patients.!~3 For 
patients with ‘poor prognosis standard treatment consists of four 
cycles of BEP. Four cycles of etoposide, ifosfamide, and cisplatin 


Table 6.35.3 |GCCCG risk classification for advanced seminomatous 
germ cell tumours 


Prognosis 5-OS Seminoma 

Good 90% Any primary localizationany marker level and no 
non-pulmonary visceral metastases 

Intermediate 75% Any primary localization and presebce of non- 


pulmonary visceral metastases (liver, CNS, bone, 
intestinum) any marker level 


Poor Non-existant in seminomas 


Source: data from International Germ Cell Cancer Collaborative Group (IGCCCG), ‘The 
International Germ Cell Consensus Classification: a prognostic factor based staging 
system for metastatic germ cell cancer’, Journal of Clinical Oncology, Volume 15, Number 2, 
pp. 594-603, Copyright © 1997 American Society of Clinical Oncology. 


Source: data from International Germ Cell Cancer Collaborative Group (IGCCCG), ‘The 
International Germ Cell Consensus Classification: a prognostic factor based staging 
system for metastatic germ cell cancer’, Journal of Clinical Oncology, Volume 15, Number 2, 
pp. 594-603, Copyright © 1997 American Society of Clinical Oncology. 


(VIP) are equally effective, but cause more acute myelotoxicity 
and are not recommended as standard. In the IGCCCG analysis, 
five-year progression-free and overall survival were 41% and 48%, 
respectively. In individual patients, VIP may be preferred to BEP in 
order to avoid possible bleomycin-induced lung injury in already 
pulmonary compromised patients. Patients with extensive liver-, 
pulmonary- or CNS-involvement may benefit from an immedi- 
ate brief course of reduced-dose chemotherapy before full-dose 
chemotherapy cycles are started. 

Three randomized trials have shown no advantage in high-dose 
chemotherapy for the overall group of ‘poor prognosis patients.?!~* 
Only patients with a slow marker decline after the first or second 
cycle may represent a subgroup with inferior prognosis in whom 
dose-intensified chemotherapy might be indicated. 

Since a matched-pair analysis resulted in a better survival rate,!~> 
poor prognosis patients should still be treated in ongoing prospect- 
ive trials, investigating the value of dose-intensified or high-dose 
chemotherapy. Patients with ‘poor prognosis’ should be treated in 
a reference centre because a better outcome was reported for inter- 
mediate and poor prognosis patients who had been treated within 
a clinical trial in a high volume centre. 


PC-RPLND in advanced NSGCT 


In patients who achieve complete remission, that is, normalized 
tumour markers and no residual lesions after chemotherapy, post- 
chemotherapy surgery is not required. In patients with any residual 
mass irrespective of size and normalization of tumour markers the 
residual masses should be resected. Histology of residual masses 
after first-line chemotherapy will be necrosis, mature teratoma and 
vital cancer in about 50%, 35% and 15% of patients, respectively.?4-°” 

In patients with residual lesions <1 cm, PC-RPLND also should 
be strongly considered since it has been shown in various retro- 
spective single-centre analysis that up to 20% and 8% of the 
patients will harbour mature teratoma and vital cancer, despite the 
small sized lesions. There is an even increased risk of residual tera- 
toma, if teratoma was present in the initial histology. In persistent 
retroperitoneal disease, retroperitoneal surgery should include all 
areas of initial metastatic sites. However, this approach has been 
challenged by recent retrospective studies from three groups.?°-10 
Kollmannsberger et al.?8 analysed 276 patients who underwent 
systemic chemotherapy for metastatic NSGCT. Some 161 patients 
(58.3%) achieved a complete remission which was defined by the 
presence of residual lesions <1 cm and all patients were followed 
without surgical resection. After a mean follow-up of 40 (2-128) 
months relapses were observed in 6% of the patients and none 
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of them died after appropriate salvage therapy. However, 94% of 
the patients belonged to the IGCCCG good prognosis group and 
only 3% belonged to the intermediate and the poor-risk group. In 
a similar approach, Ehrlich et al.°? evaluated 141 patients who were 
observed after systemic chemotherapy and residual lesions <1 cm. 
After a mean follow-up of up to 15 years, 9% of the patients relapsed 
and 3% of the patients died due to testis cancer. IGCCCG risk group 
classification predicted the outcome best: recurrence-free survival 
and cancer-specific survival were 95% and 99%, respectively, in 
men who belonged to the good-risk group, whereas it dropped to 
91% and 73% if the patients belonged to the intermediate and poor- 
risk group. However, only six out of 12 relapses developed in the 
retroperitoneum, so that only 50% of the patients would have had 
a potential benefit from PC-RPLND. Quite recently, the GTCSG 
analysed the outcome of 392 patients who underwent PC-RPLND 
for residual lesions of any size and they correlated the final patho- 
histological findings with the size of the residual masses and the 
IGCCCG risk profile! 9.4% and 21.8% of the men with residual 
lesions smaller than 1 cm harboured vital cancer and mature 
teratoma in the resected specimens, respectively. These numbers 
increased to 21% and 25% in patients with residual lesions of 1- 
1.5 cm and to 36% and 42% in men with lesions larger than 1.5cm. 
The IGCCCG risk profile was not identified as an independent 
risk to predict the final pathohistology of small residual lesions. 
The GTCSG draw the conclusion that all patients with any visible 
residual masses should be resected in a tertiary referral centre. 


Considerations for the most appropriate surgical strategy 
PC-RPLND is a challenging surgical procedure which requires 
detailed knowledge of the retroperitoneal anatomy, familiarity with 
surgical techniques of the vascular and intestinal structures as well 
as profound experience in the management of patients with tes- 
ticular cancer. Depending on the size and the extent of the residual 
lesions, the surgeon has to modify his surgical approach to the 
retroperitoneal space. An abdominal midline incision from the 
xyphoid to the symphysis can be used in most patients with uni- 
lateral and infrahilar disease, whereas a Chevron incision might be 
more suitable in those men with bilateral and suprahilar disease. 
About 10% of the patients demonstrate persistent retrocrural dis- 
ease so that a thoracoabdominal approach will be best to easily and 
safely explore this anatomical region.!°!-!™ Although the morbid- 
ity of PC-RPLND exceeds that of primary nerve-sparing RPLND, 
modifications of cytotoxic regimes, the surgical approach, and peri- 
operative care have resulted in a decreased incidence of acute and 
long-term complications. Due to the high treatment-related acute 
morbidity, however, surgery of residual masses should be per- 
formed at specialized centres only.!~? 

In patients with residual masses at multiples sites, an individ- 
ual decision should be made regarding the number and extension 
of resections. Decisions on the extent of surgery should be based 
on the risk of relapse of an individual patient and on quality-of- 
life issues. Resection of residual tumours outside the abdomen or 
lung should also be considered on an individual basis, since dis- 
cordant histology is found in 35-50% of patients.!°4 Pulmonary or 
mediastinal residual masses harbour necrosis/fibrosis only in 90% 
if the retroperitoneal masses did not contain mature teratoma or 
viable cancer. Therefore, these lesions might be managed by sur- 
veillance and elective surgery at time of progression. If, however, 
pulmonary or mediastinal nodules were found to contain necrosis/ 


fibrosis at primary resection, about 45% of retroperitoneal residual 
masses will demonstrate a discordant histology so that PC-RPLND 
is indicated. 


Preoperative imaging studies 
Prior to PC-RPLND, a complete metastatic and physical evaluation 
including: (i) computed tomography of the chest, the abdomen and 
the small pelvis about six to eight weeks following the last cycle 
of chemotherapy; (ii) measurement of the serum tumour markers; 
and (iii) pulmonary function testing in men with an increased risk 
of pulmonary toxicity (four cycles PEB, >40 years, smoking history, 
renal insufficiency) should be performed prior to PC-RPLND. 

Especially in patients with large residual masses, imaging stud- 
ies should allow an adequate assessment of the large retroperiton- 
eal vascular structures since involvement of the inferior vena cava 
(IVC) and the abdominal aorta can be expected in about 6-10% and 
2%, respectively (Fig. 6.35.5).105-109 Magnetic resonance imaging 
represents the most appropriate imaging technique to predict infil- 
trations of the vessel wall and the presence of an intracaval tumour 
thrombus. Infiltrations of the IVC wall or IVC thrombi should be 
completely resected since about two-thirds of the patients harbour 
vital cancer or mature teratoma in the infiltrating masses. Usually 
intraoperative reconstruction or replacement of the IVC is not 
necessary since chronic venous sequalae are to be expected in less 
than 5% of all patients.1°7 

The necessity for aortic replacement is rare and usually accompa- 
nied by large residual masses involving additional adjacent struc- 
tures and making additional surgical procedures necessary such 
as nephrectomy, IVC resection, small bowel resection, and hepatic 
resection. In the majority of cases mature teratoma or vital carcin- 
oma was identified in the aortic wall.!°° 


Timing of PC—RPLND 


Once residual masses have been diagnosed PC-RPLND should 
be initiated as soon as possible with a complete resection of all 
retroperitoneal and intraperitoneal masses. Complete resection 
of residual masses is of very important prognostic significance. 
Sonneveld et al.!!° demonstrated that about 50% of all patients 
with locoregional recurrences after PC-RPLND had an incomplete 
resection at time of first surgery. Hendry et al.!"! retrospectively 
analysed the outcome of 443 patients undergoing either immedi- 
ate or elective PC-RPLND once progression of the residual masses 
was demonstrated. A significant benefit with regard to progression- 
free survival (83% vs. 62%, p = 0.001) and cancer-specific survival 
(89% vs. 56%, p = 0.001) was identified for the immediate surgical 
approach. Incomplete resection and large size of the residual mass 
were identified as prognostic risk factors predicting poor outcome. 
Both parameters were observed more frequently in the group of 
patients who underwent elective PC-RPLND. 


PC—RPLND: extent of surgery 

The anatomical extent of PC-RPLND has been discussed contro- 
versially for many years. It has been common practice to perform 
a full bilateral template dissection deriving from experiences of the 
1980s when most patients presented with high-volume residual 
disease when undergoing retroperitoneal surgery. The boundaries 
of a full bilateral template include the crura of the diaphragm, the 
bifurcation of the common iliac arteries and the ureters thereby 
including the primary and secondary landing zones of the right 
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Fig. 6.35.5 Encasement of the infrarenal aorta by mature teratoma. 


(paracaval, interaortocaval) and the left (para-aortic, preaortic) tes- 
ticles. Wood et al.!!? demonstrated an 8% incidence of contralat- 
eral spread among 113 patients with bulky disease undergoing full 
bilateral PC-RPLND after cisplatin- or carboplatin-based chemo- 
therapy. Similarly, Qvist et al.!13 and Rabbani et al.!!* reported a 
5.7% and a 2.6% incidence of teratomatous residues outside the 
boundaries of a modified template dissection. Nowadays, however, 
systemic chemotherapy is delivered for relatively low-volume retro- 
peritoneal disease (clinical stages IIB) with most metastases being 
restricted to the primary landing zone of the tumour-bearing tes- 
ticle. Although the potential of contralateral spread does exist espe- 
cially from right to left, it is usually not common in low-volume 
residues questioning the appropriateness of full bilateral dissec- 
tion for any residual disease. In a retrospective analysis, Aprikian 
et al.!!5 analysed the outcome of 40 patients undergoing limited 
or bilateral radical PC-RPLND. A limited approach was chosen if 
intraoperative frozen section analysis (FSA) of the resected mass 
demonstrated necrosis or fibrosis, whereas a radical RPLND was 
used in the presence of mature teratoma or viable cancer. Some 
20% of the patients experienced recurrences (14% and 26% in the 
limited and radical RPLND, respectively) with none of the recur- 
rences located in the retroperitoneum. The authors suggested to 
use intraoperative FSA to trigger the most appropriate surgical 
approach in the clinical scenario of PC-RPLND. Herr!!6 analysed 
the therapeutic outcome of limited versus full bilateral PC-RPLND 


based on the results of FSA of the resected mass. If FSA demon- 
strated necrosis a limited RPLND was performed, in all other cases 
patients underwent bilateral RPLND. After a median follow-up 
of 6 years, 14 relapses were observed with only two developing 
in the retroperitoneum; furthermore, six major surgical compli- 
cations were observed with five after bilateral RPLND. Modified 
PC-RPLND was considered to be a safe surgical procedure in a 
well selected group of patients with advanced testicular cancer. 
These early retrospective and single-centre studies indicate that a 
modified PC-RPLND might be a safe approach in men with lim- 
ited retroperitoneal disease and right/left primary tumours with 
no evidence of teratoma or viable cancer on FSA of the residual 
mass. However, application of the modified unilateral template to 
PC-RPLND still is discussed controversially among tertiary referral 
centres based on the 3-8% incidence of mature teratoma or viable 
cancer in the contralateral landing zone.!!7!!8 Quite recently, two 
experienced groups—the Indiana group and the German Testicular 
Cancer Study Group—reported their experience of patients under- 
going modified unilateral template PC-RPLND.!!°!?° The group 
at Indiana University has performed a limited PC-RPLND in 100 
men with low-volume retroperitoneal disease (<5 cm) confined to 
the primary landing zone of the primary tumour.’° After a mean 
follow-up of 32 months. only four patients relapsed, all outside the 
boundaries of the modified and even of the bilateral template. The 
two-year and five-year disease-free survival was 95%. 
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It was the purpose of the GTCSG to assess the oncological neces- 
sity of full bilateral retroperitoneal PC-RPLND in 152 patients with 
normalized or plateauing serum tumour markers.!2° Depending on 
the size of the residual mass or the location of the primary testicu- 
lar tumour a full bilateral template resection (n = 54) or a modified 
template resection (n = 98) was performed. If patients exhibited 
a well-defined lesion <2 cm modified PC-RPLND was performed, 
lesions >5 cm were always treated by a full bilateral PC-RPLND. 
Lesions 2-5 cm in diameter were approached dependent on the 
site of the primary and the location of the mass: interaortacaval 
residuals were always approached with a full bilateral PC-RPLND, 
whereas as para-aortic and paracaval lesions were treated by a 
modified PC-RPLND if the metastatic site corresponded to site 
of the primary; otherwise, a full bilateral PC-RPLND was initi- 
ated. There were no significant intraoperative complications; there 
was, however, a significant difference with regard to postoperative 
morbidity between bilateral and modified PC-RPLND with more 
complications in patients undergoing extended surgery (p <0.001). 
Antegrade ejaculation was preserved in 85% of patients undergo- 
ing modified PC-RPLND whereas it could not preserved in 75% of 
the cases undergoing full bilateral PC-RPLND (p = 0.02), respect- 
ively. Eight (5.2%) recurrences were observed after a mean follow- 
up of 39 (6-105) months: one in-field relapse following modified 
PC-RPLND and seven recurrences outside the boundaries of full 
bilateral PC-RPLND. Two-year disease-free survival was 78.6% 
and 92.8% for bilateral and modified PC-RPLND, respectively. 
Limitations are a still short follow-up, limited number of patients; 
and retrospective nature. There was no significant correlation with 
extent of surgery and frequency and location of relapses. 

Based on the data presented, full bilateral PC-RPLND is not always 
required and it should be considered as surgical approach of choice 
in patients with extensive residual masses, interaortacaval location, 
or a location of the residual mass not corresponding to the site of the 
primary testis tumour. In well-defined small masses <5 cm, a modi- 
fied template residual tumour resection (RTR) does not interfere with 
oncological outcome but decreases treatment-associated morbidity. 


PC-RPLND after salvage chemotherapy or previous 
retroperitoneal surgery 


Patients who have undergone salvage chemotherapy, prior primary 
or PC-RPLND, those judged to be unresectable and those with dis- 
ease progression prior to retroperitoneal surgery are at high risk 
for both a poor therapeutic outcome and an increased frequency 
of surgery—associated complications. The presence of anyone of 
these poor prognostic parameters increases the risk of relapse from 
12% to 45%, 121-126 

The presence of residual tumour masses after salvage chemo- 
therapy is associated with a higher frequency of viable cancer, a 
higher likelihood of incomplete surgical resection and a higher 
risk of postoperative relapse as compared to those patients under- 
going PC-RPLND after first-line chemotherapy. Recently, Eggener 
et al.!18 demonstrated that modern chemotherapeutic salvage 
regimes containing taxanes significantly reduced the presence 
of viable cancer from 42% to 14% (p = 0.01) when compared to 
earlier cisplatin-based cytotoxic regimes; the rates of teratoma in 
the residual tumours was similar with 31% and 33%. They found a 
10-year disease-specific survival of 70% so that PC-RPLND even 
after multiple chemotherapy regimes is indicated if the masses 
appear to be completely resectable. 


Although rare, a subset of patients needs repeat RPLND due 
to metastatic tumour recurrence after primary RPLND or PC- 
RPLND because of incomplete tumour resection during initial 
surgery.!2!-!26 Repeat RPLND itself represents a poor risk fac- 
tor associated with a significantly lower five-year survival rate of 
only 55% as compared to 86% in the group of patients undergoing 
adequate PC-RPLND. The long-term outcome after repeat RPLND 
relies on the complete resection of all residual retroperitoneal 
masses which will harbour viable cancer and mature teratoma in 
20-25% and 35-40%, respectively. Whereas the cure rate for those 
with mature teratoma only approaches 100%, it decreases signifi- 
cantly to 44% and 20% in the presence of viable cancer and tera- 
toma with malignant transformation, respectively. Repeat RPLND 
is a challenging surgical procedure associated with higher rates of 
adjunctive surgical procedures with ipsilateral nephrectomy and 
vascular procedures being the most frequent adjunctive surgeries. 

Repeat RPLND often represents the last chance of cure for 
patients with in-field recurrences and it usually can be performed 
with an acceptable morbidity. Repeat RPLND will result in a long- 
term survival of 67% to 75%; if patients present with in-field recur- 
rences and elevated markers, systemic chemotherapy followed by 
PC-RPLND should be initiated. In patients with negative markers 
immediate RPLND should be performed since most masses will 
harbour mature teratoma only. 


Desperation PC-RPLND 


The term ‘desperation RPLND’ applies to patients with persistently 
elevated or increasing serum tumour markers after primary induct- 
ive chemotherapy or after salvage chemotherapy due to either 
intrinsic or extrinsic chemoresistance. PC-RPLND in this cohort 
of patients is associated with a higher frequency of adjunctive sur- 
geries and a poorer outcome. Usually, surgery alone is felt to result 
in a low likelihood of cure due to widespread systemic disease. 
However, according to the data of various groups, the five-year 
overall survival is 54% to 67% so that surgery might be indicated 
in well selected subset cohort of patients.!2&!?7 In recent series, 
increasing preoperative &-hCG, elevated AFP, redo RPLND, and 
incomplete resection had been identified as negative risk factors 
associated with a poor survival. Despite elevated serum tumour 
markers about 45% to 50% of all patients harbour mature teratoma 
or necrosis/fibrosis in the surgical specimen resulting in a high cure 
rate. Patients with elevated but declining serum tumour markers 
and patients who had received first-line chemotherapy only had 
the highest likelihood to demonstrate teratoma or necrosis in the 
resected specimen. On the other hand, patients with incomplete 
resection demonstrate a poor prognosis and most likely do not 
benefit from extensive surgery. It is of utmost importance to iden- 
tify those patients with potentially complete resection of residual 
masses who might benefit most from immediate surgery. 


Adjunctive surgery in patients undergoing PC-RPLND 


Additional surgical procedures of adjacent vascular or visceral 
structures might be necessary in up to 25% of the patients under- 
going PC-RPLND in order to achieve complete resection of the 
residual masses: En bloc nephrectomy represents the most com- 
mon type of adjunctive surgery for complete tumour clearance. 
Additional vascular procedures such as aortic replacement and 
resection of the inferior vena cava due to tumour infiltration will be 
necessary in about 1.5% and 10%, respectively. 128-130 


Complications after PC-RPLND 


Whereas the frequency of complications is low in patients under- 
going primary nerve-sparing RPLND for clinical stage I NSGCT,°” 
it increases significantly in PC-RPLND for large-volume residual 
disease. Although the frequency of associated complications has 
been decreased in recent series as compared to series of the 1990s, it 
still approaches 10%.!3! The most common complications include 
minor complications such as wound infections, paralytic ileus, 
transient hyperamylasemia, pneumonitis/atelectasis, whereas sig- 
nificant complications such as acute renal failure, chylous ascites, or 
obstructive ileus develop in less than 2% of the patients. 13? 


Consolidation chemotherapy after secondary surgery 

After resection of necrosis or teratoma no further treatment is 
required. When viable undifferentiated tumour is found, the role 
of further consolidation chemotherapy is uncertain. A retrospect- 
ive analysis demonstrated an improved progression-free survival 
with adjuvant chemotherapy, but failed to show an improvement 
in overall survival. Therefore, a ‘wait-and-watch’ strategy may also 
be justified.!°3,>4 Patients in the ‘good’ prognosis group, according 
to the IGCCCG classification, with complete resection of residual 
masses and with <10% vital tumour cells in the resected specimens 
have a favourable outcome even without adjuvant chemotherapy. 
If completely resected tumour presents >10% of viable cancer, or 
if completeness of the resection is in doubt, consolidation chemo- 
therapy might be justified. 


Management of brain metastases 


Approximately 10% of all patients with advanced germ cell cancer 
present with brain metastases (i.e. 1-2% of all patients with tes- 
ticular cancer). At relapse, metastases in the central nervous system 
(CNS) usually occur as part of a systemic relapse and rarely as an 
isolated sanctuary site relapse after previously successful treatment. 
Patients who present with brain metastases at initial diagnosis have 
a long-term survival probability of 30-40%, whereas patients who 
develop metastases during first-line treatment or in the context of 
recurrent disease outside of the brain have a five-year survival rate 
of only 2-5%.135-137 The best prognostic group consists of patients 
with a solitary brain lesion discovered by initial staging investiga- 
tions. The presence of metastatic choriocarcinoma indicates a poor 
prognosis independent from any form of treatment. 137 

The optimal sequence of treatment modalities (chemotherapy, 
radiotherapy, operation) has not yet been finally defined. Curative 
intent chemotherapy is necessary in all patients with brain metas- 
tases (EBM III: 217). In a multivariate analysis cranial irradiation 
added to systemic chemotherapy improved the overall progno- 
sis of patients who present with brain metastasis (EBM III: 218). 
It has not yet been defined whether post-chemotherapy irradi- 
ation of the CNS is required after complete remission has been 
achieved by chemotherapy alone. It also remains unclear, whether 
or not secondary resection of a solitary residual mass is required 
after chemotherapy (MRI scans are mandatory for detection of 
micrometastases). 
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CHAPTER 6.36 


Penile cancer 


Rosa Djajadiningrat and Simon Horenblas 


Introduction to penile cancer 


Penile cancer is a rare malignancy, which is often associated with a 
long delay before diagnosis.!* Reasons for this delay include per- 
ception of shame, fear, and ignorance. Squamous cell carcinoma 
accounts for more than 95% of penile malignancies. The pattern 
of dissemination is predominantly lymphogenic to the inguinal 
nodes. Localized squamous cell carcinoma can be cured in the 
most patients. But even with lymph node metastases cure is pos- 
sible in a majority of patients. Prevention should be focussed on 
early management of phimosis, prevention of high-risk human 
papilloma virus (HPV) infection and on health education for lay- 
men and physicians. The low incidence poses a challenge for clini- 
cians as many aspects in the management are based on a limited 
amount of scientific evidence. 


Epidemiology and aetiology 


Penile cancer is rare in Western countries, accounting for less than 
1% of male cancers. This number can be as high as 10% in Asia, 
Africa, and South America.? The substantial worldwide variation 
in penile cancer incidences is most likely due to the differences in 
socio-economic conditions and religious practices like neonatal 
circumcision.‘ Penile cancer occurs predominantly in elderly men, 
although the disease may also occasionally present in young men. 
The mean age at diagnosis of patients is 60 years.>° 


Risk factors 


The aetiology of penile cancer is multifactorial and several risk 
factors are identified with an association with its development. 
Established risk factors include phimosis, HPV infection, smok- 
ing, age, chronic inflammatory conditions such as lichen sclerosis, 
psoralen-UV-A photochemotherapy, penile injury, genital warts, 
and HIV infection. 


Circumcision 


The most important risk factor for penile cancer is non- 
circumcision of the penis. Current estimates have suggested that 
over 25% of all men worldwide are circumcised.’ Penile cancer 
is rarely seen in populations who routinely practice circumcision 
during the neonatal or childhood period.’~!° The positive effect of 
circumcision is mainly explained by preventing conditions such 
as poor hygiene, smegma retention, and phimosis, which have 
been reported as risk factors for penile cancer.*!°!! Phimosis, or 
narrowness of the opening of the foreskin, leads invariably to the 
retention of normally desquamated epidermal cells and urinary 


products (smegma) resulting in conditions of chronic irritation 
with of without bacterial inflammation of the prepuce and the 
glans.!2-!4 The main causes of acquired phimosis are chronic 
inflammation, balanoposthitis, forceful foreskin retraction, lichen 
sclerosis, and diabetes mellitus. 


Human papillomavirus 


A major risk factor for penile carcinoma is infection with human 
papillomavirus (HPV). Risk of infection with HPV is increased by 
number of sexual partners, history of genital warts, or other sexu- 
ally transmitted diseases.!! Interestingly, the HPV prevalence is 
lower in circumcised men compared to those who have not been 
circumcised.!>! Some studies have shown an association between 
HPV and penile cancer comparable to that of cervical cancer, 
where HPV has been considered responsible for almost all cases. 
For penile cancer, the role of high-risk HPV infection seems to vary 
between 30-100%.81718 HPV 16, HPV 18, and HPV 45 are the 
most common oncogenic subtypes. Of all HPV subtypes in penile 
cancer, HPV-16 is the predominant subtype, found in 60-63% of 
the cases. The prognostic value of HPV expression and penile can- 
cer remains unclear with conflicting data in several studies. 1119-22 


Smoking 


Smoking shows a dose-dependent association with penile cancer. 
The use of any form of tobacco is a risk factor for the development 
of penile cancer.!°!!3 The risk of penile cancer among men who 
smoke at diagnosis is 2.8 times higher than among men who have 
never smoked.® The exact mechanism is not understood. 


Chronic inflammatory conditions 


Inflammation may represent a critical component in tumour devel- 
opment or progression as many penile cancers arise at sites of infec- 
tion, chronic irritation, or injury. A chronic inflammatory skin 
disorder that is restricted to the glans and foreskin is lichen scler- 
osis et atrophicus (LS) or synonymous, balanitis xerotica obliterans 
(BXO). It occurs almost exclusively in uncircumcised men and has 
been associated with phimosis.*4 It presents most commonly in 
men between 30-40 years. Initially, Lichen sclerosis et atrophicus 
(LS) was considered a benign condition, however, histological pro- 
gression from chronic inflammation to dysplasia and eventually to 
malignant transformation has been reported.?°-?” Although LS is 
considered to be a premalignant condition in the European guide- 
lines, the precancerous nature is not well established.?°*8 In vulvar 
cancer, lichen sclerosis has shown more definitively to progress to 
invasive cancer in 4-5% of cases.?° 


Psoralen ultraviolet photochemotherapy 


Patients with psoriasis undergoing psoralen ultraviolet photochem- 
otherapy (PUVA) have an increased risk for the development of 
penile cancer.” Here also there is a strong dose-dependent relation. 


Genital warts and HIV infection 


Men with a history of genital warts have an almost six times 
higher risk of developing penile cancer than men who have no risk 
of warts.® Likewise, there is an eightfold increased risk of penile 
cancer in patients with HIV, although this might be related to the 
higher incidence of HPV among men with HIV.*! 


Clinical features 


Penile cancer has been associated with significant delay in presen- 
tation. Presentation varies from an area of induration to an ulcer 
or a papillary exophytic growth (see Fig. 6.36.1). With continued 
neglect, the lesion advances until a purulent discharge is seen 
exuding from beneath a frequently phimotic, non-retractive pre- 
puce. Phimosis can obscure a lesion and allow a tumour to progress 
silently. Finally, the disease penetrates Buck’s fascia and the tunica 
albuginea and extends along the penile shaft to involve the corpora 
cavernosa. Penile squamous cell carcinoma (SCC) has a strong ten- 
dency for lymphatic dissemination, with hematogenic spread pre- 
dominately in cases with advanced lymphatic invasion.** Without 
treatment, patients with penile SCC will develop metastases and 
usually die within two years after diagnosis of the primary lesion. 
In general, patients die because of the locoregional uncontrollable 
process rather than from distant metastases. 

Invasive penile carcinoma initially occurs on the glans (48%), 
prepuce (25%), glans and prepuce (9%), coronal sulcus (6%), and 
shaft (2%). Squamous cell carcinoma of the penis subsequently 
invades local structures, corpora cavernosa, and the urethra.** The 
most reliable way of diagnosis is a biopsy. 

The inguinal lymph nodes are the first site of metastasis followed 
by the pelvic nodes and sometimes the retroperitoneal nodes. 
Metastatic sites that are rarely involved are liver, lungs, and bones 
(1-10%) 33:34 

Patients with advanced disease can present with symptoms asso- 
ciated with metastatic disease such as generalized weakness, weight 
loss, pain, or hypercalcaemia.*° 


Fig. 6.36.1 Primary papillary tumour of the penile shaft. 
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Pathology and staging 


The most commonly used staging system in penile carcinoma is the 
2009 TNM classification (Table 6.36.1). Virtually all penile carci- 
nomas are of squamous cell origin and include the following sub- 
types: verrucous carcinoma, warty carcinoma (verruciform) and, 
basaloid carcinoma, papillary, and sarcomatoid carcinomas.36-38 
Although they are less common subtypes, warty carcinoma, and 
basaloid carcinoma appear to be more highly associated with HPV, 
than typical squamous cell carcinoma or verrucous carcinoma of 
the penis. Histopathologic grading is based on the amount of cel- 
lular anaplasia seen within the tumour on histopatholical examin- 
ation according to Broders.*? Grade 1 is well differentiated, grade 
2 is moderately differentiated and grade 3 is poorly differentiated. 

Recently, the TNM classification system for penile cancer was 
updated. The important changes in the new system are subcategor- 
ization of T1 into Tla and T1b based on grade and presence of 
lymphovascular invasion (LVI). This identifies patients with a high- 
and low-risk for lymph node involvement. 

The classification needs a further update for the definition of T2 
category, as recent publications have shown prognostic differences 
for corpus spongiosum invasion and corpus cavernosum invasion, 
being worse in the latter.4°4! Furthermore, the N-category is revised 
with extracapsular nodal extension as a poor prognosticator.4#-#4 


Physical examination 


Physical examination of the primary penile lesion should evalu- 
ate and document the number of lesions, tumour dimensions, 
sites involved (foreskin, glans, shaft), morphology (flat, papillary, 
nodular, ulcerating, fungating), relationship with other structures 
(corpus spongiosum, corpora cavernosa, urethra), boundaries, 
and penile length.4*46 The groins should be palpated and in case 
of lymphadenopathy the following points have to be assessed: node 
consistency, node location, diameter of nodes or masses, unilateral, 
or bilateral location, number of nodes identified in each inguinal 
area, mobile or fixed node or masses, relationship (infiltration or 
perforation) to other structures, such as the skin, vascular struc- 
tures and oedema of leg and/or scrotum. 

The accuracy of palpation alone is not sufficient to select patients 
in whom inguinal lymphadenectomy is necessary. Palpable inguinal 
lymphadenopathy is present at diagnosis in 30-60% of patients.4” 
In about 70% of these patients, this is caused by metastatic invasion 
and in the other 30% by inflammatory reactions. The easiest way to 
confirm lymph node metastases in patients with palpable nodes is 
by fine needle aspiration cytology. Note that the result is only reli- 
able if positive, false-negative rates are reported up to 29%.4849 If 
negative, another fine needle aspiration is recommended as soon 
as possible. If negative again and in the presence of clinical sus- 
picion, an excisional biopsy is advised. Occult nodal metastasis is 
present in approximately 20% of patients presenting with impalp- 
able nodes.5®%51 


Management of primary tumour 


Surgical resection has been the mainstay of treatment in penile car- 
cinoma. The goals of treatment are cure, organ preservation, and 
avoidance of disease, and treatment related morbidity. Traditionally, 
amputation or radiotherapy has been the cornerstone of treatment 
of penile cancer. Amputation definitely provides excellent locore- 
gional control, but unfortunately it is associated with urinary and 
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Table 6.36.1 2009 TNM classification of penile cancer 


Clinical classification 


T- Primary tumour 

TX Primary tumour cannot be assessed 

TO o evidence of primary tumour 

lis Carcinoma in situ 

Ta on-invasive verrucous carcinoma, not associated with destructive invasion 

Ti Tumour invades subepithelial connective tissue 

Tla Tumour invades subepithelial connective tissue without lymphovascular invasion 
and is not poorly differentiated or undifferentiated (T1G1-2) 
Tib Tumour invades subepithelial connective tissue with lymphovascular invasion or is 
poorly differentiated or undifferentiated (T1G3-4) 

12 Tumour invades corpus spongiosum/corpora cavernosa 

ie Tumour invades urethra 

T4 Tumour invades adjacent structures 
N- Regional lymph nodes 

NX Regional lymph nodes cannot be assessed 

NO o palpable or visibly enlarged inguinal lymph node 

N1 Palpable mobile unilateral inguinal lymph node 

N2 Palpable mobile multiple or bilateral inguinal lymph nodes 

N3 Fixed inguinal nodal mass or pelvic lymphadenopathy, unilateral or bilateral 
M- Distant metastasis 

MO o distant metastasis 

M1 Distant metastasis 


Pathological classification 


The pT categories correspond to the T categories. The pN categories are based upon biopsy or surgical excision 


pN- Regional lymph nodes 
pNx Regional lymph nodes cannot be assessed 
pNo No regional lymph nodes metastasis 
pN1 Intranodal metastasis 
pN2 Metastasis in multiple or bilateral inguinal lymph nodes 
pN3 Metastasis in pelvic lymph node(s), unilateral or bilateral of extranodal extension of regional 
lymph node metastasis 
pM- Distant metastasis 
pMO No distant metastasis 
pM1 Distant metastasis 
G Histopathological grading 
Gx Grade of differentiation cannot be assessed 
G1 Well differentiated 
G2 Moderately differentiated 
G3-4 Poorly differentiated or undifferentiated 


*The definition of the T2 category needs a further update. Two recent publications have shown that the prognosis for corpus spongiosum 
invasion is much better than for corpora cavernosum invasion. 


Reproduced with permission from TNM Online: Leslie H. Sobin, Mary K. Gospodarowicz, and Christian Wittekind (Eds.), TNM 
Classification of Malignant Tumours, Seventh Edition; Christian Wittekind, TNM Supplement: A Commentary on Uniform Use, Fourth 
Edition; and Mary K. Gospodarowicz, Brian O'Sullivan, and Leslie H. Sobin (Eds.), Prognostic Factors in Cancer, Third Edition, Copyright 
© 1999-2014 by John Wiley and Sons,available from http://onlinelibrary.wiley.com/book/10.1002/978047 1420194 


sexual dysfunction, just as a significant psychological morbidity.° 
Penile-preserving techniques have been developed without jeop- 
ardizing oncological results combined with minimal loss of anat- 
omy and function, minimizing the devastating psychosexual effect 
in patients. 


Non-surgical management 


Non-surgical approaches are mainly reserved for superficial 
lesions like premalignant lesions, carcinoma in situ, and Ta lesions. 
Non-surgical therapies include the use of topical chemotherapy, 
immunotherapy, and photodynamic therapy. Topical options are 
5-fluorouracil cream and imiquimod. 5-fluorouracil is a chemo- 
therapeutical cream, which can be applied directly on the penis 
for four to six weeks. Imiquimod 5% is a locally applied immune 
modulator. Small series showed moderately effectiveness with little 
toxicity.°? 


Laser therapy 


Laser therapy is an elegant organ-preserving option with excel- 
lent cosmetic and functional results for superficial lesions. Either a 
CO,-laser or a neodymium:YAG (Nd:YAG) laser can be used. The 
greatest difference between these two lasers is their tissue penetra- 
tion. The Nd:YAG laser tends to penetrate deeper than the CO,- 
laser in human tissue with a 4-6 mm cutting depth. It is a very 
well-tolerated procedure, but this treatment shows high overall 
local recurrence rates, which makes retreatment necessary. A wide 
variety of recurrence rates have been described, ranging from 6.3% 
to 42%54-59 Complications occur in 1-7% and include bleeding, 
moderate pain, and preputial lymphedema.*4>° Laser therapy is 
mainly used for carcinoma in situ, but is also used to treat invasive 
disease (smaller than half of the glans).®! 


Local excision 


The most common treatment for superficial penile carcinoma is 
local excision with of without circumcision.®!© Primary closure 
of the defect is possible if the lesion is small. Local excision of T1 
tumours located at the midshaft is also possible. 


Circumcision 


Circumcision alone is very effective for the treatment of lesions that 
affect the foreskin only (T1G1-3) and spare the glans.° Recurrence 
rates are as high as 30-50% for circumcision alone. 


Moh’s micrographic surgery 

Moh’s microsurgery is a minimally invasive option for superficial 
tumours initially performed in 1930 and now used in multiple 
malignancies. Tissue is consecutive sliced in thin layers and imme- 
diately reviewed under microscopy to secure microscopic tumour- 
negative margins.°* However, also in this procedure relatively high 
recurrence rates have been described.© 


Total glans resurfacing 


Total glans resurfacing is a technique where the epithelium is 
removed and replaced with a skin graft.66 This approach allows 
preservation of maximal penile length, form, and function with 
excellent oncological control. Graft take is good, and the cosmetic 
appearance six weeks after surgery is excellent. The most relevant 
complication is graft necrosis. 
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Glans amputation 


Patients with T2 lesions of the glans are eligible total glansectomy, 
as opposed to the traditional partial amputation. An alternative 
treatment for very carefully selected patients is partial glansectomy 
of tumours encompassing less than half of the glans. 

Traditionally, a 20 mm macroscopic clear margin proximal to 
the lesion was required, but there was no evidence to support this 
conception. Two studies regarding margins showed that onco- 
logical control could also be achieved with a margin of only a few 
millimetres.6768 

Glans amputation aims at removing only the glans, leaving the 
corpora cavernosa intact.®° The exposed corporal heads can be cov- 
ered with a skin graft that has been quilted to the corpora to prevent 
hematoma formation.’°7! 

Also the urethra can be used by everting the urethral mucosa to 
cover the corpora tips, the shaft skin is sutured closely to it, and no 
split-thickness graft is necessary.’2 


Partial penectomy 


Patients with tumours involving the glans penis or distal penile 
shaft, not suitable for penile-preserving therapies should be treated 
with a partial penectomy. These are mostly patients presenting with 
palpable penile lesions extended from to glans penis to the distal 
tunica albuginea and corpus cavernosum. The aim is to ensure 
tumour removal with adequate tumour-free margins, while pre- 
serving enough length for the patient to void in standing position 
and to continue sexual activity. 

A circumcoronal incision of the penile shaft skin is made with 
partial degloving of the penis. Once the skin and the superficial 
fascial layers are dissected, Bucks fascia is identified. The area 
where the corpus cavernosum is going to be transacted is marked. 
The neurovascular bundle is mobilized, ligated, and divided prior 
to the transaction of the penis. A tourniquet placed at the base of 
the penis will minimize the bleeding when transecting the corpus 
cavernosum. If transacted, the corpora are mobilized off the non- 
involved urethra and the urethra will then be divided ensuring 
that it is approximately two centimetres longer than the corporal 
margins in order to unable adequate spatulation of the urethra. 
The corpora are over sewn and the tourniquet can be released. The 
urethra is spatulated dorsally and sutured to the corporal margins. 
The penile skin is brought forward and used to cover the corporal 
tips. A skin graft can be used if there is paucity of penile skin. The 
most common complication of partial penectomy is meatal stenosis 
(3.5-9%) 61,73 


Total penectomy 


Total penectomy is the therapy for patients where tumour involve- 
ment is so extensive that the penile shaft necessitates complete 
excision of penis and crura to achieve tumour-free margins. The 
urethra is redirected to the perineum (perineal urethrostomy). The 
skin and the superficial fascia are divided. The penis is mobilized 
and the deep dorsal vein and neurovascular bundle are ligated and 
divided. The suspensory ligament is divided and the dissection con- 
tinues proximately. For the creation of a perineal urethrostomy a 
separate inverted U-incision is made in the perineum. The urethra 
is identified and mobilized. Ensuring that there is an adequate 
urethral length, the urethra is transected and spatulated ventrally 
in order to allow the tip of the U to be incorporated ventrally. The 
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crura are followed until de pubic bone and completely separated off 
the pubic bone. The dorsal artery has to be identified and ligated. 
The remnants of the crura are oversewn and the skin is the sutured 
to the urethra. Similar to partial amputation the most common 
complication is meatal stenosis.6173 


Local recurrence 


The definition of local recurrence differs between authors and 
can be defined as follows: the same cancer was left behind, con- 
sequently residual disease occurs after primary surgery, or a 
synchronous recurrence; that is secondary tumour was already 
present, or a metachronous recurrence (i.e. a new cancer developed 
simultaneously). 

The local recurrence rate after partial or total penectomy is 
4%.°1,73-76 Recurrences after penis preserving therapies vary from 
9-50%,6570-7277 In surgical penile-preserving therapies, positive 
surgical margins are the most predictive factor for local recur- 
rence.°4576! In addition, in penile-preserving techniques glans 
skin can be left behind that has potential for developing cancer. 
Most local recurrences develop during the first two to three years 
after treatment. Often local recurrences are treated with another 
penile-sparing therapy with partial penectomy preserved for more 
extensive recurrences.””7!77 Local recurrence does not seem to 
have an effect on survival.57-°! 


Management of lymph nodes 


The presence of nodal involvement is the single most important 
prognostic factor in penile SCC.742-4491,78,79 The first draining 
lymph nodes (the ‘first-echelor’ or ‘sentinel’ nodes) are invariably 
within the inguinal lymphatic region. Thereafter, dissemination 
is to the pelvic nodes and/or distant sites. At initial presentation, 
distant metastases are present in only 1-2% of patients. Generally, 
patients with distant metastasis have also clinical evidence of (at 
least) inguinal nodal involvement.*? Primary haematogenic spread 
has only been seen in sarcomatoid subtypes only.®° Therefore, pre- 
operative staging focuses primarily on the locoregional situation. 

There is no controversy about the need for lymphadenectomy 
in patients with clinical evident nodal involvement. However, the 
optimal management of clinically node-negative (cNO) patients is 
subject of debate, since non-invasive staging techniques are lim- 
ited in detecting small metastatic deposits. Approximately 20-25% 
of these cNO patients have occult metastasis.°° Current imaging 
techniques such as ultrasound, computed tomography (CT) and 
positron emission tomography (PET), as well as risk prediction 
based on primary tumour characteristics, have so far been unable 
to identify cNO patients with occult metastases within reasonable 
limits.48:81,82 

Removal of nodal metastases at the earliest possible time, pref- 
erably in patients with impalpable lymph nodes and microscopic 
invasion only, improves survival considerably compared with 
surgical removal at the time when metastases become clinically 
apparent.®° Some clinicians manage these cNO patients with close 
surveillance, while others treat them with an elective inguinal 
node dissection based upon ‘risk-adapted approaches.*? While the 
former may lead to unintentional delay because of outgrowth of 
occult metastases in 20-25% of cNO patients, the latter results in 
unnecessary lymph node dissection in 75-80% of cases, because 
of absence of metastasis. Moreover, inguinal lymphadenectomy 


is associated with a high morbidity rate. Up to 35-70% of patients 
have short- or long-term complications.®>-®8 


Lymphatic drainage of the penis 


The primary drainage of penile SCC is to the lymph nodes in the 
groin, and secondary drainage is to the lymph nodes in the pel- 
vis. Bilateral inguinal drainage is considered the normal lymphatic 
anatomy of the penis. The anatomy of the inguinal nodes has been 
described by various authors.*?-?! It is customary to divide inguinal 
nodes into two groups: superficial and deep. The superficial nodes 
are located beneath Scarpa’ fascia and above the fascia lata covering 
the muscles of the thigh; around 8 to 25 nodes are present. There are 
three to five deep inguinal lymph nodes and these are situated around 
the fossa ovalis, the opening in the fascia lata where the saphenous 
vein drains into the femoral vein. The deep inguinal nodes connect 
the superficial nodes to the pelvic nodes. The deep inguinal nodes 
receive their afferents from the superficial nodes and directly from 
the deeper structures of the penis. The distinction of superficial and 
deep inguinal lymph nodes is clinically irrelevant since physical 
examination (palpation) cannot discern these anatomical entities 
from each other.*” 

The so-called ‘node of Cloquet’ or ‘Rosenmiiller’ is the most con- 
stant and usually largest inguinal node, located just underneath the 
inguinal ligament and medially to the femoral vein. Daseler et al. 
divided the inguinal region into five sections by drawing a horizon- 
tal and vertical line through the point where the saphenous vein 
drains into the femoral vein with one central zone directly overly- 
ing the junction.°? With some individual variation, the nodes that 
are most frequently involved in penile SCC are typically located in 
Daseler’s superiomedial section.®? Skip metastases, circumvent- 
ing the inguinal lymphatic region, to the pelvic lymph nodes are 
extremely rare and probably anecdotal.?+> The pelvic nodes are 
located around the iliac vessels and in the obturator fossa, approxi- 
mately 12-20. 


Dynamic sentinel node biopsy 


Sentinel lymph node biopsy is a fairly new technique in medical 
practice that is becoming the standard of care for regional lymph 
node staging of many solid tumours. This technique is based on 
the hypothesis of step-wise distribution of malignant cells in the 
lymphatic system. The absence of tumour cells in the first lymph 
node(s) in the lymphatic drainage of the tumour indicates the 
absence of further spread in regional lymph node basin(s). Sentinel 
lymph node biopsy is the preferred method of lymph node sta- 
ging in melanoma and breast cancer.°° This procedure has been 
included in the 2009 European Association of Urology guidelines 
on penile cancer.*° 

Since 1994, dynamic sentinel node biopsy (DSNB) has been per- 
formed at the authors’ institution to stage cNO-patients.°” 

The best definition of a sentinel node is probably that of 
Morton: *... the first lymph node that receives afferent drainage 
from a primary tumor.”® It is important to realize, that there is 
individual variation in the location of the sentinel node. Moreover, 
although the location is usually in the area traditionally known as 
the regional lymph node basin, aberrant locations can be seen in 
a minority of patients. Also more than one sentinel node can be 
present. All these variations can only be found if one combines all 
the preoperative information from the lymphoscintigraphy with 
the findings during surgery. 


Lymphoscintigraphy 

To localize the sentinel node preoperatively, lymphoscintigraphy is 
usually performed after intradermal peritumoral injection of col- 
loid particles labelled with technetium-99m. The tracer is trans- 
ported through the lymphatic channels to the first draining nodes 
in the groin and made visible on the lymphoscintigram as a ‘hot 
spot. Lymph node uptake is based on the ingestion of the colloid 
particles by the macrophages. Lymphoscintigraphy is usually per- 
formed the day or morning before surgery. 

Guided by the imaging, the location of the sentinel node is 
marked on the skin to enable peroperative localization using the 
handheld gamma ray detection probe, usually the following day.°? 
Lymphoscintigraphy has been shown to be a very reproducible 
mode of imaging. In a study of 20 patients, 2 separate lymphoscin- 
tigrams were made and compared. There was virtually 100% con- 
cordance between the two studies.!0? Recently, hybrid SPECT-CT 
scanners have become available, allowing for the mapping of 
lymphatic drainage, after injection with a radioactive tracer, with 
unprecedented detail and in relation to anatomical landmarks 
obtained from the CT images (see Fig. 6.36.2). 

Perioperatively, patent blue dye can visualize lymphatic vessels 
and helps to differentiate sentinel nodes from second-echelon 
nodes (see Fig. 6.36.3). However, the use of blue dye alone is 
insufficient to reliably detect sentinel nodes. Differences between 
lymphatic mapping with radio-labelled colloid and blue dye occur 
fairly often.1°!-103 The two lymphatic mapping techniques are com- 
plementary. If only blue dye was used, almost 30% of the sentinel 
nodes would have been missed, because almost all harvested senti- 
nel nodes were hot, whereas only about 70% were blue as well. 


Lymphadenectomy: indication 


Surgery remains the treatment of choice in patients with metastatic 
disease in the groins. Cure can be attained in approximately 80% 
of patients who have one or two involved inguinal nodes with- 
out extranodal extension. Ipsilateral inguinal lymphadenectomy 


Fig. 6.36.2 SPECT/CT after administration of radioactive tracer showing two 
sentinel nodes in the right groin and one in the left groin. 
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Fig. 6.36.3 Perioperative illustration of a blue sentinel node in the groin with a 
blue lymphatic duct. 


is indicated when tumour-bearing lymph nodes are found with 
DSNB, fine needle aspiration cytology (FNAC), or excision biopsy. 
Previous studies have suggested that the likelihood of bilateral 
inguinal involvement is related to the number of involved nodes 
in the unilateral resected inguinal specimen.*+! With two or more 
metastases the probability of occult lateral involvement is 30% and 
this may warrant an early contralateral inguinal lymphadenec- 
tomy. Currently, ultrasound-guided FNAC and DSNB are used to 
solve this problem in the authors’ institute in those patients pre- 
senting with unilateral positive nodes. Patients with contralateral 
groins with tumour-negative sentinel nodes are kept under close 
surveillance. 

Approximately 20-30% of all patients with positive inguinal 
nodes harbour tumour-positive pelvic nodes.4479104 Although 
patients with pelvic lymph node involvement are considered to 
have a poor outcome, pelvic lymphadenectomy can be curative in 
some patients. Particularly patients with occult pelvic metastases 
benefit. Several studies have shown that the likelihood of pelvic 
nodal involvement is related to the number of positive nodes in 
the inguinal specimen and presence of nodal extension.2>37-# At 
the authors’ institute a pelvic dissection is considered unnecessary 
in patients with one intranodal inguinal metastasis. In all other 
patients with two or more inguinal nodes involved or extranodal 
extension, an ipsilateral pelvic lymphadenectomy is performed. 
Contralateral pelvic lymphadenectomy is not recommended, since 
there is no evidence that cross-over from groin to the contralat- 
eral pelvic area does occur.°}79!4 Therefore, contralateral pelvic 
lymphadenectomy is not recommended in patients with unilateral 
nodal involvement. Patients with preoperative evidence of pelvic 
metastases are unlikely to be cured by surgery alone and are can- 
didates for neoadjuvant chemotherapy before undergoing surgery 
(see later in this chapter).!° 


Inguinal lymphadenectomy 


Several surgical approaches have been described in order to min- 
imize the complications associated with the procedure. The patient 
is placed supine with the legs abducted and externally rotated. 
A variety of incisions can be used. For inguinal node dissection the 
incisions can be divided into horizontal and vertical. The vascular 
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supply to the skin of the inguinal area is such that horizontal inci- 
sions are preferred over vertical ones. The key to minimizing the 
morbidity following lymphadenectomy is correct tissue handling 
and ensuring that the skin flaps are developed in the correct 
plane.*! No lymph nodes are found in the layer between the skin 
and subcutaneous fascia. At the authors’ institute a para-inguinal 
incision, a few centimetres below the groin crease, is the preferred 
type of incision. The skin should be incised until the subcutane- 
ous fascia is identified. Then the proximal and distal skin flaps are 
developed. The boundaries of the dissection are as follows: prox- 
imally, the inguinal ligament; distally, the crossing of the sartor- 
ius muscle and the adductor longus muscle (also referred as the 
entrance of Hunter’s canal, where the femoral vessels go under the 
muscles of the leg); the medial boundary is the adductor muscle; 
the lateral margin is the sartorius muscle. The floor of the dissec- 
tion consists of the fascia lata, the femoral vessels and the pectineus 
muscle (see Fig. 6.36.4). As the femoral nerve is located beneath 
the fascia lata, it is not seen during standard lymphadenectomy. 
Since inguinal lymphadenectomy can be a curative procedure, it is 
important to meticulously remove all of the lymphatic tissue. After 
performing the dissection, the skin edges are carefully inspected; 
any area with doubtful viability should be excised. There are no 
comparative studies on the use of antibiotics but it seems reason- 
able to give prophylactic antibiotics at the time of surgery, as this 
type of surgery should be considered a contaminated procedure, 
because of coexisting inflammatory reactions within the lymph 
nodes. Prior to closing the wound, suction drains are inserted in 
order to prevent lymphocele formation. Postoperative antibiotic 
use is variable among surgeons performing the procedure. Some 
centres continue antibiotics until the drain is removed. After one 
week the vacuum is removed and spontaneous drainage observed. 
Drains are removed if the drainage is <50 mL/day although some 
centres wait until it is <30mL/day. Immediately after surgery ambu- 
lation is strongly advised and supported with individually fitted 
elastic stockings. Skin closure following lymphadenectomy can be 
difficult in patients with extensive metastatic disease with overlying 
skin involvement. The skin involved should be excised, although 


inevitably, this leaves a large defect. Various methods can be used 
to manage this surgical problem. After a sartorius transposition the 
wound can heal by secondary intention. Healing can be improved 
and hastened by a split skin graft on the granulation tissue. Another 
method is the so-called ‘skin-stretch method!; by gradually 
increasing the pressure on the skin edges in a cyclic fashion, large 
skin defects are closed with no tension. Island flaps that can be use- 
ful for closure are the rectus abdominis pedicle, gracilis pedicle, 
and the tensor fascia lata pedicle.!07108 In cases of en-bloc removal, 
scrotal skin and mobilized abdominal wall can be used to assist in 
the closure of the defect. The femoral vessels can be protected by 
transposition of the scrotal content and suturing the scrotal content 
to the inguinal ligament. 


Pelvic lymphadenectomy 


Pelvic lymphadenectomy can be undertaken simultaneously at the 
time of inguinal node dissection or as a separate procedure. In the 
first scenario, removal of the lymph nodes using one or two inci- 
sions has been described; most authors prefer two separate inci- 
sions. A comparison of the various types of incisions has shown that 
the lowest complication rate occurs when two separate incisions are 
used.°°87 The pelvic node dissection is undertaken either through 
a lower abdominal midline incision or a unilateral muscle splitting 
incision. The boundaries of the pelvic node dissection are prox- 
imally, the common iliac vessels; distally, the passage of lymphatic 
vessels to the groin; laterally, the ilioinguinal nerve; medially, the 
bladder and prostate; and the base is the deepest part of the obtur- 
ator fossa. Care must be taken to completely remove the obturator 
fossa, especially the space behind the external iliac vessels, all the 
way to the sacrum. A large node can usually be found there and if 
left is prone to recurrence with intractable pain, because of neural 
in growth. After the dissection suction drains are left in place. 


Complications of lymph node dissection 


The morbidity (complication rate) from lymphadenectomy limits 
its applicability to all patients. The reported complication rate var- 
ies from 35% to 88%85-88 and is increased by pelvic node dissection 


Fig. 6.36.4 Anatomical boundaries of an inguinal lymph node dissection. 


and radiotherapy.’?8” The most commonly cited complications are 
wound infection (15 + 10%), skin necrosis with or without wound 
dehiscence (14 + 50%), lymphocele/seroma formation (10 + 10%), 
lymphoedema (27 + 30%), and other complications including 
haemorrhage, thrombosis, and even death. Although a recent ser- 
ies has shown that the complications rate of lymphadenectomy has 
decreased, the incidence and magnitude of complications appears 
to remain significant with a complication rate of 58% per patient.®* 


Minimizing the morbidity of lymphadenectomy 


Standard lymphadenectomy consists of the removal of all lymph 
nodes in the inguinal region. Recent lymphoscintigraphical and 
anatomical data indicate that limiting the dissection field to the 
central and craniomedial part may provide sufficient oncological 
control.%*!°4 Further mapping studies are necessary to test the 
safety of this modified lymphadenectomy template. Moreover, to 
be of real clinical value, there should be evidence of a reduction in 
the complication rate. An alternative option which could minim- 
ize the morbidity associated with the procedure involves minimal 
invasive techniques like video endoscopic inguinal lymphad- 
enectomy (VEIL). Some small series have now shown promising 
results with lower complication rates compared with an open pro- 
cedure. Tobias-Machado et al. have reported their initial results of 
10 patients without palpable lymph nodes who underwent VEIL 
on one side and the standard open approach on the contralateral 
side. Although operative times were longer with the endoscopic 
approach compared with the open method, the mean numbers of 
retrieved and tumour-positive lymph nodes were similar. Moreover, 
there was a trend towards decreased postoperative morbidity. In 
another study reporting on their expanding experience, the VEIL 
approach led also to a significant decreased hospital stay (mean of 
1 day vs. 6.4 days in patients who had undergone standard lym- 
phadenectomy on one limb).!° The robot assisted procedures have 
also recently been published in a case report.!10 


Management of complications 


After removing the suction drains a lymphocele can develop in 
10-20% of patients. This can usually be managed by outpatient 
aspiration with a large needle and a large syringe. After natural 
resolution of the space in which the lymphocele develops, the 
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accumulation of lymphatic fluid stops. Large wound defects can 
be closed using a so-called vacuum assisted closure (VAC) system. 
A sponge is inserted in the wound and sealed with plastic and a 
draining tube is attached to a low vacuum pump. Excellent results 
have been obtained, decreasing the time to secondary healing. If 
the defect remains large a split skin graft can be laid on top of the 
granulation tissue. 

Despite the use of elastic stockings, lymphedema can still develop 
in approximately 10% of patients, especially those in whom exten- 
sive surgery together with radiation therapy was necessary because 
of the burden of disease. Supporting therapy includes lymph mas- 
sage and compression therapy. Surgical therapy using lymphatic- 
venous anastomies have not been entirely successful. Legs with 
lymphedema are infection prone, especially with streptococcus 
A bacteria, leading to erisypelas. At the author's institution anti- 
biotic prophylaxis with monthly penicillin depots is strongly 
advised after two bouts of erisypelas-like infections. 


Adjuvant radiotherapy 


Although no randomized studies comparing different treatment 
options are available, radiation therapy has been offered as an adju- 
vant therapy to inguinal nodes patients after lymphadenectomy to 
improve locoregional tumour control. This is in compliance with 
adjuvant radiotherapy in head and neck squamous cell carcino- 
mas showing improvement of regional control.!!! Patients eligible 
for this, are patients with extensive metastases and/or extranodal 
spread, but control is achieved at the cost of severe side effects as 
severe oedema and pain. 


Advanced disease 


Locally advanced disease 


Some patients delay treatment and seek care only when disease is 
far advanced with extensive local and/or regionally involvement. 
Sometimes these lesions have led to bulky fungating masses that 
have eroded the epidermis and destructed large amounts of sur- 
rounding tissues. 

The only option for direct palliation is often surgical removal of 
all diseased tissue. Such surgery often leads to large wound defects 
with sometimes exposure of femoral artery and veins which can be 


Fig. 6.36.5 (A) Large defect after surgical removal of bulky metastasis; and (B) Vertical rectus abdominis myocutaneous flap covering the defect. 
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covered using pedicled skin flaps. Primary closure may be obtained 
by scrotal skin flaps,!!? abdominal wall advancement flap,!!3 or a 
myocutaneous flap based on the tensior fascia lata,!°8 or the rectus 
abdominis for more extensive defects.!°71!4 The latter is most used 
in the authors’ institute (see Fig. 6.36.5). Results regarding cure are 
disappointing, however. 


Role of neoadjuvant chemotherapy 


In locally advanced cases, induction chemotherapy followed by 
surgery is an option. Due to rarity of disease, no randomized con- 
trolled trials are available. Small studies have demonstrated modest 
efficacy of bleomycin, methotrexate, cisplatin, and 5-FU, either as 
single agents or as combination therapy.* Recently, taxanes have 
been introduced as chemotherapeutic agent, after showing good 
results in advanced head and neck squamous cell carcinomas.!!5 
Promising therapeutic results have been obtained with taxane- 
based (T) therapy in combination with cisplatin-fluorouracil 
(PF)!!6 for salvage of primarily unresectable or relapsed nodal 
metastases. Taxanes in combination with ifosfamide and cisplatin 
demonstrated clinically meaningful responses in patients with 
bulky regional lymph nodes.1!7-1!8 
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Adrenocortical cancer 
Steve Ball and Sajid Kalathil 


Adrenal gland: anatomy, embryology, 

and physiology 

The adrenal glands are paired retroperitoneal structures that lie at 
the anterosuperior and medial aspect of kidneys. They are pyram- 
idal; weigh approximately 5 gm each in healthy adults; and measure 
approximately 5 cm x 2 cmx 1 cm. The right adrenal lies above the 
kidney, posterolateral to inferior vena cava while the left adrenal 
lies above left kidney behind the pancreas and splenic artery. 

The adrenal gland is composed of an outer cortex and an inner 
medulla. While closely related anatomically, these two layers 
are developmentally and functionally discrete. Foetal adrenal 
gland is evident from six to eight weeks of gestation and rapidly 
increases in size. The adrenal cortex derives from mesenchymal 
cells attached to the coelomic cavity lining adjacent to the uro- 
genital ridge. Two distinct zones are evident within the develop- 
ing cortex: an inner prominent foetal zone which later regresses; 
and an outer definitive zone that goes on to form the adult cortex. 
In contrast, the adrenal medulla is derived from cells of the neural 
crest that migrate at the seventh week of life and enter the foetal 
cortex. Primitive adrenal medulla is formed by week 20 but a dis- 
tinct medulla is not apparent until atrophy of the foetal zone of 
the cortex. 

The adrenals have a rich blood supply, estimated at 6-7 mL/g per 
minute. The inferior phrenic artery is the main arterial supply with 
additional branches from aorta and renal artery. Venous drainage is 
into the posterior surface of inferior vena cava on the right and into 
the left renal vein on the left 

The adrenal cortex is made of three layers. These have functional 
as well as morphological differences. The zona gomerulosa (ZG) is 
the outermost layer, comprised of closely packed small cells. The 
middle zona fasciculata (ZF) is made of larger cells and constitutes 
up to three-quarters of the cortex. The innermost layer is the Zona 
reticularis (ZR). The adrenal cortex synthesizes and secretes ster- 
oid hormones. However, there are key differences in the pattern 
of mineralocorticoid, glucocorticoid, and androgens produced 
by the three layers. The ZG alone secretes the mineralocorticoid 
aldosterone and is the only cortical layer to express the enzyme 
aldosterone synthase. The ZF secretes mainly cortisol with some 
androgen precursors. The ZR secretes androgens in addition to 
DHEA and androstenedione, as well as cortisol (Fig. 6.37.1). The 
secretion of cortisol and sex steroid precursors by the ZF and ZR 
are regulated by pituitary adrenocorticotropic hormone (ACTH). 
In contrast, aldosterone production by the ZG is controlled 
mainly by the renin-angiotensin system and circulating electrolyte 
concentration. 


The adrenal medulla is effectively a large sympathetic nerve ter- 
minal, made of chromaffin cells which secrete noradrenaline and 
adrenaline in response to neuro-humeral activation by the auto- 
nomic nervous system and other endocrine mediators. 


Adrenocortical cancer 


Introduction 


Adrenocortical cancer (ACC) is a rare malignancy and has a poor 
prognosis. The incidence is estimated at 0.7-2 cases per 1 million. 
While it is most common in those aged between 40-50 years, it can 
present at any age. ACC in children suggests an inherited predis- 
position (Li-Fraumeni syndrome and Beckwith-Wiederman syn- 
drome)), The unusually high incidence of ACC seen in a subset of 
children in southern Brazil (3.4-4.2 versus 0.3 per 1 million children 
under the age of 15 across the world) reflects a high background 
prevalence of germ line loss of function mutations in the TP53 
tumour-suppression gene (responsible for Li-Fraumeni syndrome) 
in this population.!? ACC is more common in males than females. 

Clinical presentation can be with symptoms and signs of ster- 
oid hormone excess (functional tumours); mass effects; or as an 
incidental radiological finding. Presentation in the young per- 
son is more commonly with functional disease. Non-functional 
ACC tends to present later in the natural history and with more 
advanced disease. 


Aetiology and pathophysiology 


While the aetiology of ACC is still not clearly understood, there 
has been progress in understanding some of the molecular mecha- 
nisms of tumour development. Comparative genomic hybridiza- 
tion has identified chromosome losses at 1p,17p,22p,22q,2q and 
11q in 62% of people with sporadic ACC.* Microsatellite marker 
analysis has revealed a high prevalence of loss of heterozygos- 
ity or allelic imbalance at 11q13 (290%), 17p13 (285%) and 2p16 
(92%).+° Many of these loci correspond to known oncogenes and/ 
or tumour suppressor genes, supporting a causative role in patho- 
genesis (Table 6.37.1). Some of these molecular characteristics have 
been shown to have prognostic significance. 

ACC is associated with two inherited tumour predisposition 
syndromes: Li-Fraumeni and Beckwith-Weidemann syndromes. 
Li-Fraumeni syndrome (LFS) is a rare, autosomal dominant dis- 
order linked to germ line loss of function mutations of the p53 
tumour suppressor gene. P53 mutations can be inherited or can 
arise de novo early in embryogenesis. LFS is associated with a 
range of other malignancies including sarcoma, breast cancer, and 
leukaemia. 
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Fig. 6.37.1 Adrenal steroidogenesis: outline of metabolic pathways generating glucocorticoids, mineralocorticoids, and androgens in the adrenal cortex. 


DHEA: dihydroepiadrosterone. 


Clinical presentation 


The most common presentation of ACC (50-60%) is with clinical 
evidence of adrenal steroid hormone excess,®! most often with 
Cushing’s syndrome. Androgen production can lead to presen- 
tation with symptoms and signs of androgen excess in women. 
Conversely, oestrogen production can lead to presentation with 
symptoms and signs of feminization in the male. Aldosterone and 
other mineralocorticoid production can result in hypertension and 
hypokalaemia. 


Cushing’s syndrome 

Less than 5% of all presentations with Cushing’s syndrome are 
attributable to ACC. Classical features of Cushing’s syndrome 
may dominate: centripetal obesity, hirsutism, plethora, proximal 


Table 6.37.1 Oncogenes and tumour suppressor genes associated 
with adrenocortical cancer (ACC) 


Oncogenes and associated signalling 
pathways 


Tumour suppressor genes 


IGF-2: IGF signalling pathway P53 


P catenin: Wnt signalling pathway Melanocortin 2 suppressor gene 


(MC2R) 


Steroidogenic factor 1: developmental 
transcription factor 


Fibroblast growth factor 2 (FGF2), 


Transforming growth factor (TGFa, 
TGFB), 


Vascular endothelial growth factor 
(VEGF) 


myopathy, and abdominal striae. Hypokalaemia is a feature of 
severe hypercortisolaemia. Rapid onset of symptoms from cortisol 
excess is a feature of ACC. If tumour growth is rapid, presentation 
with glucocorticoid excess may be atypical. There may be little or 
no weight gain; while muscle atrophy, severe hypertension, and dia- 
betes mellitus may be dominant features. 


Testosterone secreting tumours 

Virilization is the hallmark of testosterone secreting ACCs. They are 
rare and most of them are found in women. Testosterone secretion is 
autonomous. Signs and symptoms of androgen excess include acne, 
hirsutism, androgenetic affluvium, oligomenorrhoea. Virilization 
may manifest with or without concomitant Cushing’s syndrome. 


Oestrogen secreting adrenocortical cancer 

Most feminizing ACCs occur in men. They are usually larger and 
behave more aggressively than other forms of ACC. Presenting 
symptoms include gynaecomastia. Impotence or decreased libido 
with associated testicular atrophy may occur. Some clinical fea- 
tures may be due to peripheral aromatization of co-secreted weak 
adrenal androgens. Only 7% of cases with ACC in the German 
Adrenocortical cancer registry showed evidence of feminization.!! 


Aldosterone secreting adrenocortical cancer 

While primary hyperaldosteronism or Conn’s syndrome can be 
caused by ACC, it is usually in combination with excess gluco- 
corticoid or androgen secretion. Hypertension and profound 
hypokalaemia are the dominant clinical features. It is unusual for 
benign adrenal adenomas producing Conn’s syndrome to be larger 
than 3 cm. Conn’s syndrome presenting with larger adrenal lesions 
should therefore raise the suspicion of ACC. 


Non-functioning adrenocortical cancer 
Patients with non-functioning ACC usually present with symptoms 
of abdominal discomfort, nausea, vomiting, or back pain caused by 
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the local mass effects. Rarely, they can present with retroperiton- 
eal haemorrhage secondary to spontaneous rupture of the tumour. 
Presentation may be relatively late with locally advanced or meta- 
static disease. 


Diagnosis and investigations 


A multidisciplinary approach combining radiology, biochemistry, 
and tissue-based pathology is needed to establish a diagnosis and 
patient-centred approach to the management of ACC. Rational and 
thorough investigation is key. 


The role of imaging 


Imaging plays important roles in the clinical approach to ACC. 


¢ Diagnosis: differentiating ACC from other forms of 
adrenal tumour 


+ Staging: establishing the extent of disease and informing a tai- 
lored approach to treatment 


+ Assessing disease response to intervention 
+ Monitoring for recurrence 


+ Computed tomography (CT) and MRI are effective in all these 
roles, while there are emerging data on positron emission tom- 
ography (PET) (Table 6.37.2) 


Table 6.37.2 Radiological features of ACC relative to adrenal adenoma 


Feature ACC 


Computed tomography 
CT is good at detecting adrenal tumours and in differentiating ACC 
from other causes of adrenal mass. This is important, as adrenal 
adenomas are common while ACC is rare. Differentiating one from 
the other is critical. Adenomas are generally lipid-rich. As tissue 
density on CT imaging is sensitive to lipid content, Hounsfield 
units (HU) on unenhanced CT are useful in differentiating homo- 
geneous lipid-rich adenomas from ACC. A threshold of 10HU on 
an unenhanced CT has a sensitivity of 71% and specificity of 98% 
in diagnosing a benign adenoma.!? When baseline density is above 
10 HU, dynamic measurement of contrast-enhanced densities can 
give additional information. In ACC, washout after contrast media 
injection is typically <50% with a delayed attenuation of >35 HU.!% 
CT is also good at detecting local invasion and distant metastases. 
Loco-regional vessel invasion through the renal veins and inferior 
vena cava can sometimes proceed up to the right atrium.!4 CT is 
thus useful in disease staging in addition to establishing a diagnosis. 


Magnetic resonance imaging 

With current MRI technology, the sensitivity and specificity for 
differentiating benign from malignant lesions range from 81-89% 
and 92-99%, respectively.!5 MRI is good for differentiating adrenal 
masses from surrounding soft-tissue structures and thus very use- 
ful in guiding an approach to surgery. ACC has the same signal 
intensity as liver on T1 weighted and increased intensity on T2 


Adrenal adenoma 


General Irregular 
Heterogeneous 


>4 cm 


CT >10 HU non-enhanced CT 
Enhancement washout <50% 


Delayed attenuation >35% 


<10 HU non-enhanced CT 
Absolute enhancement washout >60% 


Relative enhancement washout >40% 


MRI ypo-intense T1 


yper-intense T2 


Chemical shift properties 


weighted sequences. Given concerns over cumulative radiation 
exposure, MRI has a clear role in long-term surveillance for local 
recurrence after surgery in young patients. 


18F-flurodeoxyglucose— positron emission tomography 

PET is emerging as a new tool in the study of adrenal tumours. 
Because of its high metabolic activity, ACC demonstrates high 
uptake of !8F-flurodeoxyglucose (FDG) relative to other adrenal 
lesions. Sensitivity has been reported to be as high as 100% with a 
specificity of 88% in differentiating ACC from adrenal adenomas. 16 
PET may therefore have a role in the differential diagnosis of those 
lesions with indeterminate features on CT/MRI. 


Emerging approaches to lesions with indeterminate 

imaging characteristics 

CT, MRI, and FDG-PET cannot always differentiate ACC from 
other adrenal lesions reliably. Metomidate is emerging as an 
imaging agent that may help in this area. Metomidate binds spe- 
cifically to 11 B-hydroxylase and aldosterone synthase. Coupling 
with a radio-tracer thus produces a radio-ligand with high specifi- 
city for adrenocortical cells, suitable for use in PET and CT-SPECT 
imaging.!718 


Image-guided biopsy 

Needle biopsy is not usually advised as a tool in the differential 
diagnosis of ACC. Adrenal haemorrhage and tumour rupture are 
significant concerns. It can be considered in specific circumstances. 


+ Confirmation of metastatic disease where surgery is not intended 


+ Exclusion of metastatic disease to the adrenal in those with add- 
itional extra-adrenal malignancy 


Biochemical investigation: establishing function 
and identifying biomarkers 


As with radiology, clinical biochemistry has multiple roles in the 
diagnosis and management of ACC. 


+ Characterizing any clinical syndrome of increased adrenal ster- 
oid hormone production: to aid patient management 


+ Excluding phaeochromocytoma in the differential diagnosis of 
an adrenal mass 


+ Identifying an endocrine or other circulating biomarker for use 
in identifying ACC and in disease monitoring/surveillance 


Standardized approaches to establishing endocrine function of a 
potential or established ACC can be helpful in balancing the need 
for speed and accuracy in progressing the differential diagnosis. 
A rational approach is outlined in Table 6.37.3. 

Differentiating ACC from adrenal adenoma simply on imaging 
can be challenging. A metabolomics approach using biomarkers 
for ACC would be a great asset. One such approach, using mass 
spectrometry based steroid profiling has shown promising initial 
results. This study looked at 32 distinct adrenal-derived steroids 
in 24 hour urine samples from patients with ACC and adrenal 
adenoma. Results revealed a pattern of predominantly immature, 
early stage steroidogenesis in ACC. Generalized Matrix Learning 
Vector Quantization (GMLVQ) analysis identified a subset of 
nine steroids that performed best in differentiating ACC from 
adrenocortical adenoma (ACA) with a sensitivity and specificity 
of 88%.1° 
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Table 6.37.3 Biochemical investigation of ACC 


Purpose Test 


24-hour urine free cortisol 
0900 plasma cortisol and ACTH 


Overnight dexamethasone suppression test 


Exclude glucocorticoid 
excess 


Exclude Timed overnight urine metanephrines 
phaeochromocytoma Plasma metanephrines 

Exclude mineralocorticoid Serum Kt 

EXCESS Plasma aldosterone/renin ratio 
Exclude sex steroid excess Plasma DHEA-S 


Plasma testosterone 


Plasma oestrodiol (men and postmenopausal 
women) 


ACTH: Adrenocorticotropic hormone; DHEA-S: Dehydroepiandrosterone-sulphate. 


Tissue-based pathology 


Perhaps surprisingly, tissue-based pathology diagnoses of ACC 
can be difficult in the absence of local spread or distant metasta- 
sis. Standard criteria are based on macroscopic and microscopic 
morphology criteria. Assessment should be by an experienced 
pathologist who is accustomed to dealing with adrenal tumours. 
Reliability and reproducibility of assessment is key, and can be 
improved through standardized training packages.?° Importantly, 
evolving proteomic and genomic approaches are likely to support 
new classification systems that take into account molecular and 
functional data.?! 

Macroscopic features indicative of ACC are tumour size, 
haemorrhage, and breached tumour capsule. The most popu- 
lar microscopic diagnostic tool is the Weiss scoring system. 
This incorporates nine parameters relating to tumour structure, 
cytology and evidence of local invasion (Table 6.37.4).?? In experi- 
enced hands and using specific cut-offs (scores of 2 or less classed 
as benign; a score of 3 or more considered indicative of ACC) the 
system has a reported sensitivity and specificity of 100% and 96%, 
respectively.”? 


Table 6.37.4 Weiss Scoring system for classification/diagnosis of ACC 


Cytology 1 igh mitotic rate (>5 of 50 hpf) 
2 Atypical Mitosis 
3 igh nuclear grade 
Structure 4 Diffuse architecture 
5 ecrosis 
6 Low percentage of clear cells 
Invasion 7 Capsular invasion 
8 Sinusoidal invasion 
9 Vein invasion 


Reproduced with permission from Lippincott Williams and Wilkins/Wolters Kluwer 
Health: Weiss LM, ‘Comparative histologic study of 43 metastasizing and nonmetastasizing 
adrenocortical tumors’ American Journal of Surgical Pathology, Volume 8, Issue 3, 

pp. 163-169, Copyright © 1984 Wolters Kluwer Health, Inc. 
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Table 6.37.5 Staging in ACC 


WHO Stage TMN Stage ENSAT Stage (2008) 
Stage | T1, NO, MO T1, NO, MO 
Stage II T2, NO, MO T2, NO, MO 
Stage Ill 11-2, N1, MO T1-2, N1, MO 
T3, NO, MO 13-4, NO-1, MO 
Stage IV T3, N1, MO T1-4, NO-1, MO-1 
T4, NO, MO 
T4, NO, MO 
T4, N1, MO 
Tx, Nx, M1 
A number of staging classifications have been developed over time, combining features of 
primary tumour, local-regional, and distant disease. 


T1, tumour size <5 cm; T2, tumour size >5 cm; T3, tumour infiltration in surrounding 
tissue; T4, tumour invasion in adjacent organs or venous tumour thrombus in vena cava 
or renal vein. NO, no positive lymph nodes; N1, positive lymph node(s); MO, no distant 
metastases; M1, presence of distant metastasis. Abbreviations: M, metastasis; N, lymph 
node; T, tumour; ENSAT, European Network for the Study of Adrenal Tumors. 


Source: data from De Lellis RA et al, Pathology and genetics of tumors of endocrine 
organs, International Agency for Research on Cancer, Lyon, France, Copyright © 2004 
IARC; American Joint Committee on Cancer (AJCC), AJCC Cancer Staging Manual, 
Seventh Edition, Science+Business Media, LLC, Copyright © 2010 AJCC; and Fassnacht M 
et al, ‘Limited prognostic value of the 2004 International Union Against Cancer staging 
classification for adrenocortical carcinoma: proposal for a Revised TNM Classification, 
Cancer, Volume 1215, Issue 2, pp. 243-50, Copyright © 2008 American Cancer Society. 


Tumour staining with Ki-67 can help to differentiate carcinomas 
from adenomas. High Ki-67 index is shown to have shortened dis- 
ease free interval and overall survival.*4 


Staging in adrenocortical cancer 


Tumour staging has important roles in the management of patients 
with ACC. 


+ Tailoring therapy 


+ Establishing prognosis and guiding patient and clinician 
expectation 


+ Monitoring response to intervention and guiding escalation of 
therapy 


+ Guiding patient and clinician adaptation to disease progression 


A range of staging systems have been published (Table 6.37.5). 


Approaches to the treatment 
of adrenocortical cancer 


Management of patients with ACC requires a multidisciplinary 
approach. To date, the absence of a strong evidence base sup- 
ported by large, randomized controlled trials remains problem- 
atic. The development and recruitment to such trials is to be 
recommended. 


Surgery 

Surgery remains the mainstay of treatment offering the prospect 
of cure. While there remains some debate as to the relative merits 
of a laparoscopic versus an open approach, the former can be con- 
sidered appropriate at least for stage I and II disease. Local lymph 


nodes should be excised/sampled.?° In patients with infiltrating 
disease, lymph node or vessel involvement (stage II), open surgery 
may be required. 

Complete resection and volume of residual disease are important 
outcome predictors.” For this reason, surgery should be limited to 
centres with significant experience in surgery for ACC. 


Adjuvant therapy 


Most published data indicate high recurrence rate of ACC even 
after complete resection. Against this background, adjuvant ther- 
apy has been considered. Figure 6.37.2 outlines an approach to 
treatment of ACC amenable to surgery. 

Mitotane or O,p DDD (Ortho, para, Dichloro, Diphenyl-, 
Dichloroethane) is an adrenolytic agent used for the adjuvant 
therapy in ACC. Many centres currently recommend mitotane 
adjuvant therapy after complete resection. Mitotane can induce 
partial tumour regression and prolong recurrence-free sur- 
vival. An impact on overall survival has not been demonstrated. 
Tolerability can be limited by systemic toxicity.277? In addition 
to its adrenolytic properties, mitotane inhibits adrenocortical 
steroid synthesis by inhibiting cholesterol side chain cleavage 
and 11 Beta-hydroxylation. Mitotane also affects extra-adrenal 
cortisol metabolism by inducing hepatic clearance. Mitotane 
dose titration and supportive therapies require close clinical 
supervision. 

In patients with localized tumour and apparent complete (RO) 
resection, adjuvant radiotherapy to the tumour bed is not routinely 
recommended. It should be considered if the primary tumour 
measures >8 cm in greatest dimension; there is evidence of micro- 
scopic tumour invasion in blood vessels; or if there is a Ki-67 index 
of >10%. Adjuvant radiotherapy to the tumour bed can be consid- 
ered in patients at high risk for local recurrence (e.g. incomplete/ 
Rlresection).°° 


Recurrent disease 


Further surgery should be offered for recurrent disease if com- 
plete resection is feasible.>! Adjuvant chemotherapy with mitotane 
should be considered after surgery for recurrent disease. For recur- 
rence despite mitotane adjuvant therapy, second-line chemother- 
apy such as that used for advanced disease should be considered 
after further surgery or if surgery is not appropriate.*? 


Advanced disease 


The rarity of ACC has limited clinical studies of cytotoxic 
chemotherapeutic agents. In advanced disease, surgery has lim- 
ited advantage but debulking surgery is considered for patients 
with severe hormone excess that cannot be controlled other- 
wise. Medical therapy should be initiated as soon as possible.” 
Treatment decisions should be based on clinical judgement, 
tumour progression, and local policies. All drugs exhibit clin- 
ical toxicity and therefore treatment should be administered by 
experienced physicians. Adrenal insufficiency and gastrointes- 
tinal side effects are common with mitotane and the majority of 
patients will require higher than standard-dose hydrocortisone 
replacment therapy. Additional treatment options with metro- 
nomic Capecitabine and Gemcitabine as additional-line therapy 
have been published.*4 Newer targeted therapy like IGF-1 recep- 
tor inhibitor showed promising initial results but they are still 
under investigation. 
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Management algorithm 
following adrenal resection 


Fig. 6.37.2 An outline approach to the treatment of adrenocortical cancer amenable to complete resection. 
Abbreviations: RO = complete resection; R1 = incomplete resection; Rx = unsure resection status; EBRT = external beam radiotherapy. 


Radiotherapy can play an important role in the care of patients 
with advanced ACC. In a palliative setting, radiotherapy may be 
used for symptomatic metastasis to bone, brain, or for vena caval 
obstruction.*° 


Follow-up of patients with adrenocortical cancer 


Recurrence is not uncommon even in patients with localized ACC. 
Early detection of recurrence can influence the outcome. For this 
reason, close follow-up is advised after initial treatment. Follow- 
up with cross sectional imaging using CT or MRI chest and abdo- 
men should be carried out every three months in the initial stage. 
Endocrine biomarkers should also be monitored if they have been 
identified. Monitoring interval can be gradually increased after a 
stable period of two years. Follow-up in patients without recur- 
rence is recommended for a minimum period of 10 years. 


Prognosis 


ACC carries poor prognosis. Five-year overall survival rate is 
37-47%.>° The most consistently cited factors associated with poor 
outcome are advanced stage and incomplete surgical resection. 
High-grade tumour, older age and hormone hyper-secretion have 
also been found to be associated with poorer prognosis in some 
studies. 1429.36 
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CHAPTER 6.38 


Treatment of adrenal tumours 


Atul Bagul and Saba Balasubramanian 


Introduction to the treatment 
of adrenal tumours 


Bartholomaeus Eustachius, the Roman anatomist was the first to 
describe the adrenal gland in 1552; the ‘Glandulae renibus incum- 
bentes’ (gland lying on the kidney). It was only in the latter half of 
the nineteenth century that the gland’s association with disease was 
described by Thomas Addison and others. A link with hormonal 
secretion was then made leading to the discovery of the first hor- 
mone ‘adrenaline in 1897.! The early reports of adrenalectomy pro- 
cedures in the late nineteenth and early twentieth century were for 
large tumours irrespective of function; and the elaborate descrip- 
tion of the operations clearly emphasized the problems with surgi- 
cal exposure and access to the adrenals. 

In the twentieth century, the focus of adrenal pathology changed 
significantly—from hypoadrenalism due to predominantly infect- 
ive causes (i.e. tuberculosis) to hyperfunction due to neoplastic 
processes. The variety of hormonal syndromes relating to adrenal 
glands underlies the spectrum of clinical manifestations with which 
patients with adrenal disease present. More recently, the manage- 
ment of incidentally detected adrenal lesions (incidentalomas) have 
been the focus of attention; although the vast majority are non- 
functional and benign, a significant proportion may be associated 
with subtle hormonal abnormalities and a small minority may rep- 
resent adrenocortical cancer. 

This chapter will focus on adrenal tumours and its management 
as it relates to the surgeon. For more detailed understanding of 
endocrine pathophysiology, the reader is referred to other sources. 
Non-neoplastic pathology such as autoimmune conditions and 
infective processes in the adrenal glands are beyond the scope of 
this chapter. 


Anatomy and physiology 


The two adrenal glands are retroperitoneal structures, golden yel- 
low in colour, each weighing approximately 5 g. They lie within 
the renal fascia, in relation to the upper-pole of the kidneys 
(T11-12 vertebrae). The right gland is like an irregular tetrahe- 
dron and is located behind the inferior vena cava (IVC) and the 
right hepatic lobe. The left is semilunar in shape and anterome- 
dial to the kidney. The superior, middle, and inferior arteries arise 
from the phrenic, abdominal aorta, and renal arteries, respect- 
ively. The main adrenal vein drains into the IVC on the right and 
renal vein on the left. 

The adrenal gland is divided into an embryologically, structur- 
ally and functionally different outer cortex (from the mesoderm) 
and an inner medulla (from the neuroectoderm). The adrenal 


cortex has three layers and produce hormones which are choles- 
terol derivatives: 


+ Zona Glomerulosa (outer 


(aldosterone) 


layer)—mineralocorticoids 


+ Zona Fasciculata (middle layer)—glucocorticoids (cortisol) 


Zona Reticularis (inner layer)—sex hormones (DHEA: dehy- 
droepiandrosterone and androstenedione) 


Cortisol secretion is controlled by a negative feedback involving 
the hypothalamo-pituitary-adrenal axis [Corticotrophin releasing 
factor (CRF)—adrenocorticotropic hormone (ACTH)—cortisol]. 
Cortisol plays a role in stress response, carbohydrate, lipid, and 
protein metabolism, and has some mineralocorticoid effects pro- 
moting salt and water retention. Aldosterone is secreted under the 
control of renin-angiotensin system and leads to renal re-absorp- 
tion of sodium and excretion of potassium and hydrogen. The 
adrenal sex hormones are under control of ACTH and are weakly 
androgenic and when in excess, can cause virilization in women. 

The adrenal medulla secretes catecholomines—adrenaline (epi- 
nephrine), noradrenaline (norepinephrine), and dopamine. ‘Their 
actions are mediated via adrenergic and dopaminergic receptors. 
The physiological effect (also called ‘flight or fight response’) is 
characterized by increase in heart rate, blood pressure, and cardiac 
output, excitation of the central nervous system, increased blood 
flow to muscles, reduced splanchnic circulation, and breakdown of 
lipids and glycogen. 


Classification of adrenal tumours 


Adrenal tumours may be classified depending on the site of origin, 
pathology, and function. A pragmatic approach is shown in Table 
6.38.1. Other adrenal lesions that may not be classified as ‘adrenal 
tumours’ include amyloidosis, cysts, granulomas, haematomas, 
hamartomas, and xanthomas. The commonly used eponymous 
names Cushing's and Conn’s refer to adrenal lesions associated with 
hypercortisolism and hyperaldosteronism respectively. 


Investigation for adrenal tumours 


Biochemical tests 


The exact nature and extent of biochemical investigations depend 
on the presentation and the nature of the suspected diagnosis. 
Patients may be referred to the endocrinologist or physician with 
clinical features of hypercortisolism, hyperaldosteronism or phaeo- 
chromocytoma where adrenal hyperfunction (hormonal excess) 
is suspected. Very occasionally, adrenal tumours may produce 
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Table 6.38.1 Classification of adrenal tumours 


Site of origin Benign Malignant 
Cortex Adenoma (functioning and Adrenocortical cancer 
non-functioning) 
Hyperplasia (functioning 
and non-functioning) 
+ Micronodular 
+ Macronodular 
Medulla Phaeochromocytoma Malignant 
phaeochromocytoma 
Miscellaneous Myelolipoma Metastases (from breast, 
Neurofibroma lung, melanoma, leukaemia) 
Teratoma Lymphoma 


Ganglioneuroma Neuroblastoma 
Ganglioneuroblastoma 


Sarcomas 


excessive sex-steroid hormones resulting in virilizing or feminizing 
features. If adrenal hyperfunction is suspected, a biochemical diag- 
nosis should be made before the use of imaging. This is to avoid the 
detection of small incidental findings of no significance. 

An increasing number of patients now present with incidentally 
detected adrenal lesions (incidentalomas) during abdominal and/ 
or thoracic imaging for non-adrenal indications. The detection of 
an incidentaloma should lead to a biochemical screen even in the 
absence of any symptoms or signs of hormonal excess. This is to 
minimize the risk of overlooking biochemical syndromes that will 
influence the management of these lesions. 

A summary of commonly used investigations is as follows.’ 


(i) An overnight 1 mg dexamethasone suppression test is often 
done as a first test to rule out hypercortisolism. Alternative 
tests include urinary free cortisol, late night salivary cortisol, 
and midnight plasma cortisol levels. 


(ii) In patients with hypertension, serum potassium, aldosterone, 
and plasma renin activity will help in establishing the diagno- 
sis of primary hyperaldosteronism. The lack of hypokalaemia 
alone does not rule out this condition. Testing is not necessary 
in patients who are not hypertensive. 


(iii) DHEAS (dehydroepiandrosterone) levels are done to rule out 
sex hormone excess. 


(iv) 24 hour urinary catecholamines and metanephrines have 
been used as a standard test for several years now for the diag- 
nosis of a phaeochromocytoma. Recent evidence points to 
plasma free metanephrines as being more accurate with the 
added advantage being the avoidance of a 24-hour collection. 
However, this may not be available in all centres. 


These tests are best done in accordance to locally determined endo- 
crinology protocols. Surgeons should be aware that several medica- 
tions can influence the results of endocrine biochemical tests and 
tests often need repeating after appropriate changes in interfering 
medications. There may be other factors at play; for example, in urine 
biochemistry, the 24-hour urine collection may not have been com- 
plete. Also, a number of these tests do not have a clear cut-off value; 
rather a normal range, borderline range, and an abnormal range. 


Test results that are borderline or equivocal need to be repeated. A 
detailed knowledge of endocrinology and biochemistry is required 
for the correct interpretation of results and a comprehensive discus- 
sion of these issues is beyond the scope of this chapter. 


Cross-sectional imaging 


Cross-sectional imaging such as computed tomography (CT) scan 
or MRI is the standard form of radiological assessment for adrenal 
tumours. They also account for the vast majority of incidentally 
detected adrenal lesions. The aims of these tests include localiza- 
tion of a suspected biochemical syndrome, determination of the 
nature of an adrenal lesion and exclusion of other coexistent path- 
ology. General features of malignancy lesions on CT/MRI include 
heterogeneity, irregular borders, local invasion, lymphadenopathy, 
and rapid growth on sequential scans. The density of an adrenal 
lesion (measured by Housnfield units—HU) on a non-contrast CT 
scan is helpful to determine the likelihood of malignancy. Benign 
cortical lesions are generally ‘fat rich’ and appear as low density, 
while phaeochromocytomas and malignant lesions are high density. 
A level of less than 10 HU (Hounsfield Units) is generally regarded 
as a good indicator of a benign lesion. Lesions with Hounsfield units 
of between 10 and 30 can be further characterized by studying wash- 
out on delayed images in a three phase CT scan or by MR imaging. 
The use of chemical shift imaging on MRI provides information that 
is a good discriminant between lipid-rich and lipid poor lesions; the 
latter being more likely to be malignant or phaeochromocytomas.* 


Functional imaging 


Functional imaging is performed in certain specific situations to 
corroborate a suspected pathological or biochemical diagnosis. In 
patients with an indeterminate adrenal lesion, FDG-PET (Fluro- 
deoxyglucose positron emission tomography) scan may be useful; 
increased uptake in adrenal cancer, phaeochromocytoma, metastases, 
and lymphoma may help differentiate from benign adrenal tumours.° 
In patients with a biochemical diagnosis of phaeochromocytoma 
where bilateral, metastatic or extra-adrenal pathology is suspected; 
123] MIBG (metaiodobenzylguanidine) scanning may identify extent 
of disease and may influence the management approach. 

Selective venous sampling is occasionally used in patients with 
proven biochemical adrenal hyperfunction to enable lateralization 
(the side) of the pathology. It has a specific indication in Conn’s syn- 
drome (primary hyperaldosteronism); this will be discussed later. 


Biopsy 

Biopsy of adrenal gland lesions is rarely performed as they do not 
help to diagnose malignancy in either cortical or medullary lesions. 
In addition, there are concerns relating to dissemination of can- 
cer along the biopsy tract if the lesions are malignant. Occasionally, 
a fine needle imaging guided biopsy may be required to confirm 
uncommon pathology such as tuberculosis, lymphoma, or metas- 
tases from another primary source. If this is required, biochemical 
tests should be performed first to rule out phaeochromocytoma to 
avoid the problems associated with catecholamine release.® 


Clinical syndromes of surgical interest 


Adrenal incidentaloma 


Adrenal incidentaloma is characterized by the incidental discovery 
of an adrenal mass larger than 1cm in diameter on cross-sectional 


imaging performed for non-adrenal pathology. The prevalence of 
such adrenal incidentalomas on cross-sectional imaging is thought 
to be up to 5% but increases with age, resolution of the imaging 
modality used and the presence of background medical problems. 
The prevalence is higher in patients with a history of malignancy.” 

The pathology could be any of the ones listed in Table 6.38.1. Less 
than 5% are due to primary adrenal cancer.® 


Management 

The detection of an adrenal incidentaloma should be followed by a 
biochemical assessment of adrenal function as outlined earlier. This 
may not be appropriate in all patients such as those with terminal ill- 
ness and metastatic disease. Tumours that are functional in nature 
should be considered for excision. The management of non-func- 
tional lesions is controversial, but guidelines suggest that surgery be 
considered in lesions of over 4 cm, as increasing size correlates with 
malignancy.’ Other relative indications include equivocal findings 
on radiology such as heterogeneity or delayed washout of contrast. 
Increasingly, uptake on a PET scan is considered to be an indication for 
surgery in lesions around 4 cm. In smaller, non-functioning, benign 
appearing lesions, recommended follow up protocols vary; although 
most authors would advise further evaluation of size and function at 
six to nine months before patients are reassured and discharged.® 


Cushing’s syndrome 


Cushing’s syndrome is a rare disorder characterized by increased 
levels of circulating glucocorticoids, mostly adults in second to fifth 
decade of life. The prevalence is 10 cases per million per year. The 
aetiology is either ACTH dependent disease (80%), where the pri- 
mary pathology is outside the adrenal gland or ACTH independ- 
ent disease, where the primary pathology is in the adrenal (20%). 
The former may be due to ACTH excess from pituitary disease or 
other ectopic sources. ACTH independent (or adrenal) hypercorti- 
solism may be commonly due to an adrenal adenoma or carcinoma 
and rarely due to bilateral adrenal hyperplasia, primary pigmented 
nodular adrenal disease or McCune Albright syndrome.’ 


Clinical features 


The clinical features along with their frequency are listed in Table 
6.38.2. 


Investigations 

This involves a confirmation of the diagnosis based on demonstra- 
tion of high cortisol levels and loss of negative feedback control of 
hypothalamic-pituitary-adrenal (HPA) axis. A low dose dexametha- 
sone suppression test to demonstrate failure of cortisol suppression 
by the HPA axis and low plasma ACTH levels are usually sufficient 
in patients with hypercortisolism secondary to adrenal pathology; 
although in some of these cases and in hypercortisolism not due 
to adrenal pathology, additional biochemical testing is required. 
Patients with suspected adrenal source of hypercortisolism are fur- 
ther investigated by a CT or MRI scan, as discussed earlier. 


Management 

Adrenalectomy is the definitive treatment of choice for benign and 
malignant adrenal tumours with hypercortisolism. Bilateral adre- 
nalectomy is also considered to address the problem of hypercor- 
tisolism in patients with ACTH dependent Cushing’s in certain 
scenarios such as failed pituitary surgery and hypercortisolism 
due to ectopic ACTH secretion where the ectopic source cannot be 
treated adequately. 
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Table 6.38.2 Clinical features of Cushing's syndrome 


Clinical feature Occurrence rate (%) 


Obesity 95 
Facial plethora 90 
Decreased libido 90 
Thin skin 85 
Decreased linear growth in children 75 
Menstrual irregularity 80 
Hypertension 75 
Hirsutism 75 
Depression/emotional lability 70 
Easy bruising 65 
Glucose intolerance 60 
Weakness 60 
Acne 50 
Osteopenia or fracture 50 
Nephrolithiasis 50 


Reproduced from John A. H. Wass and Paul M. Stewart, Oxford Textbook of Endocrinology 
and Diabetes, Second Edition, Table 5.7.2, p. 826, Oxford University Press, Oxford, UK, 
Copyright © 2011, by permission of Oxford University Press. 


Medical treatment of hypercortisolism with drugs that inhibit 
steroid synthesis such as metapyrone (11-6 hydroxylase inhibitor) 
and ketaconazole (P-450 enzyme inhibitor) are sometimes used in 
patients with significant hypercortisolism for adequate optimiza- 
tion before surgery. 


Phaeochromocytoma 


Phaeochromoctoma is a functioning tumour of chromaffin cells 
which is characterized by excessive synthesis and release of cat- 
echolamines and their metabolites (such as metanephrines). 
Chromaffin cell tumours occur mostly in the adrenal medulla 
(80-85%) and occasionally (15-20%) in extra-adrenal tissue— 
paragangliomas.!° Phaeochromocytoma was first described by 
Frankel in 1886 and has an incidence of 1-2 per 100,000 popu- 
lation. They are termed as the 10% tumour as approximately 
10% are extra-adrenal, 10% bilateral, 10% malignant, 10% occur 
in children, and 10% are familial. The ‘10% familial rule is no 
longer valid as more recent studies show that up to one-third of 
patients have a genetic predisposition. The familial lesions are 
usually seen in patients under the age of 40 years and are associ- 
ated with multiple endocrine neoplasia type II (MEN 2A & 2B: 
chromosome 10), von Hippel-Lindau disease (chromosome 3), 
Neurofibromatosis Type 1 (NF 1 gene: chromosome 17) and para- 
ganglioma syndromes (SDH B and D mutations in chromosome 8 
and 4, respectively). A number of other genes have recently been 
described with mutations that predispose to phaeochromocyto- 
mas and paragangliomas. 


Clinical features 

Although a number of phaeochromocytomas are detected fol- 
lowing investigations for severe hypertension or the occurrence 
of an unexplained cardiovascular event, some may be detected 
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Box 6.38.1 Clinical features in phaeochromocytoma 


+ Sustained or paroxysmal hypertension 
+ Headache 

+ Palpitations 

+ Sweating 

+ Pallor 

Nausea 

+ Flushing 

+ Weight loss 

+ Tiredness 

+ Psychological symptoms (anxiety, panic) 
¢ Orthostatic hypotension 


+ Hyperglycaemia 


during biochemical investigation of an adrenal incidentaloma. 
Box 6.38.1 lists the features most commonly associated with 
phaeochromocytomas. 


Investigations 

Biochemical investigations and imaging for phaeochromocytoma 
have been explained earlier. It is important to note that while adrenal 
lesions may produce a variety of catecholamines and metanephrines; 
extra-adrenal lesions do not release adrenaline or metanephrines— 
this is due to the absence of phenylethanolamine-N-methyl trans- 
ferase (PNMT) in extra-adrenal chromaffin tissue. This enzyme 
catalyses the conversion of noradrenaline to adrenaline in the adrenal 
medulla. Repeat biochemical testing is often necessary; especially in 
patients with borderline levels. Several drugs that interfere with the 
synthesis, release, uptake, and degradation of catecholamines may 
be associated with spurious biochemical results.!! These include 
sympathomimetic agents (such as amphetamine), monoamine oxi- 
dase (MAO) inhibitors (such as tranylcypromine), adrenaline and 
noradrenaline reuptake inhibitors (such as venlafaxine), adrenergic 
receptor blockers, and drugs that interfere with catecholamine hor- 
mone assays (such as paracetamol). These may have to be stopped or 
replaced by other agents before repeat testing. 


Management 

Adrenalectomy is recommended for all patients with phaeochromo- 
cytoma.!2-!5 Earlier concerns regarding the feasibility and safety of 
laparoscopic surgery have now been satisfactorily addressed by sev- 
eral studies. Careful preoperative workup and management is how- 
ever mandatory. Simple procedures like an anaesthetic induction or 
a percutaneous intervention may precipitate a hypertensive crisis 
in patients who have not been given adequate alpha blockade. The 
aim of preoperative medical treatment should be maximum toler- 
ated alpha blockade. Phenoxybenzamine is commenced at 10 mg 
bd and gradually increased until symptoms become trouble- 
some. Selective a, blocker like doxazosine is a good alternative.!° 
Beta-blockers can precipitate a hypertensive crisis and must only 
be used to control tachycardia after effective alpha blockade is 
achieved.!7 In the preoperative period, patients should be encour- 
aged to take fluids liberally and 1-2 L normal saline may be infused 
overnight prior to surgery to expand the intravascular volume. 


These preoperative measures will help reduce the risk of postopera- 
tive hypotension. 

During surgery, close monitoring of cardiovascular parameters by 
an experienced anaesthetist; appropriate and judicious use of ino- 
tropes and vasodilatory agents; and good communication between 
the surgeon and anaesthetist during tumour handling and vein 
ligation are all essential to ensure a good outcome. Postoperatively, 
hypotension and hypoglycaemia should be anticipated and treated. 
We currently offer annual, lifelong biochemical screening to detect 
and treat recurrent or metachronous phaeochromocytoma. 

Malignant phaeochromocytoma is rare and often only suspected 
when the disease recurs in local or distant sites. Recurrent disease 
should be resected if possible. Patients with unresectable disease 
may be treated with alpha blockade and therapeutic !!I-MIBG. 
Response rates of 57% have been reported with chemotherapy 
(cyclophosphamide, vincristine, and dacarbazine). The five-year 
survival is around 20%.1? 


Primary aldosteronism (Conn’s syndrome) 


Primary aldosteronism is a syndrome characterized by exces- 
sive production of aldosterone in the adrenal cortex. It was first 
described by Jerome Conn in 1955. It is now thought to be preva- 
lent in around 10% of all hypertensive patients. It may be caused by 
idiopathic bilateral (or occasionally unilateral) hyperplasia in up to 
75% of patients and an adrenal adenoma in the remainder.’ Rarer 
causes include adrenal carcinoma and glucocorticoid-suppressible 
hyperaldosteronism. Only adrenal adenoma causing primary 
aldosteronism will be discussed further as those are the patients 
referred for surgical treatment. 


Clinical features 

The clinical features of primary hyperaldosteronism mimic that 
of severe essential hypertension. Patients may present with renal 
failure or the cardiovascular consequences of hypertension and 
chronic salt and water load. Although the pathogenesis of hyper- 
tension involves volume expansion, oedema is typically absent. 
Hypokalaemia (if present) may lead to muscle weakness, cramps, 
fatigue, polyuria, polydipsia, and cardiac arrhythmias. 14 


Investigations 

Patients that need to be investigated for the presence of primary 
hyperaldosteronism include those with hypertension and any one 
of the following: 


(i) Hypokalaemia 
(ii) Hypertension resistant to drug therapy 
(iii) Adrenal incidentalomas 


(iv) Any reason to suspect secondary hypertension such as 
young age, strong family history of hypertension or stroke in 
young age 


Routine blood tests are often normal and hypokalaemia only 
occurs in approximately 25% of patients. A high plasma aldoster- 
one concentration to plasma renin activity ratio (high aldosterone 
and low renin) is usually sufficient to diagnose primary hyperaldo- 
steronism. Occasionally additional tests such as (oral or intraven- 
ous) salt loading to demonstrate lack of aldosterone suppression 
may be required. Imaging typically shows a small (usually less than 
2 cm) adrenal lesion with features of benign cortical origin. Due 
to the frequent occurrence of some nodularity in both adrenal 


glands and the small size of lesions causing Conn’s syndrome, most 
experts recommend adrenal venous sampling of aldosterone levels 
prior to unilateral adrenalectomy. This will ensure that the correct 
side is operated upon and that patients with bilateral disease do not 
undergo unnecessary surgery. 


Management 

Medical therapy using aldosterone antagonists such as spironolac- 
tone and eplerenone, in combination with other antihypertensives 
are often effective in controlling hypertension. This is the treatment 
of choice in patients with bilateral disease and in the initial stages of 
management of those with unilateral pathology (Conn’s adenoma). 
Surgery (unilateral laparoscopic adrenalectomy) is an excellent 
definitive treatment option for those with Conn’s adenoma with the 
objective of reducing dependence on lifelong medical treatment 
and its attendant costs and side effects. Hypertension improves in 
all patients and may be cured in 30-60% of them.!3 


Adrenocortical carcinoma 


Adrenocortical carcinoma is rare; but one of the most lethal of 
endocrine tumours. It has an incidence of one to two cases per mil- 
lion per year.!5 It presents with two peak incidences, the first and 
fifth decade of life and is more common in females. Around 60% 
of tumours are functioning and produce a combination of steroid 
hormones and their precursors.!® 


Clinical features 

Patients presenting with hormonal excess often present with severe 
hypercortisolism. Features of other hormone excess such as viri- 
lizing or feminizing symptoms (due to sex hormones) and hyper- 
aldosteronism may coexist or occasionally present in isolation.!° 
Patients with non-functioning tumours present either as an inci- 
dentalomas or with local symptoms such as abdominal pain. 


Investigations 


Briefly, biochemical investigations (described earlier) will help con- 
firm hyperfunction. Tumours secreting multiple hormones are more 


Table 6.38.3 Staging of adrenocortical cancer 


CHAPTER 6.38 TREATMENT OF ADRENAL TUMOURS 


likely to be malignant. Cross-sectional imaging such as CT or MRI of 
the adrenal and functional imaging such as PET scan provide valu- 
able clues as to the possibility of cancer and help alert the surgeon 
and ensure that a complete resection is performed. The differentiation 
between benign and malignant tumours can be difficult even on histo- 
logical examination. Weiss proposed criteria!” based on the presence 
of at least three of nine histological features to diagnose malignancy. 
These include high nuclear grade (III or IV), high mitotic rate (>5/ 
50 high-power fields), atypical mitoses, clear cells comprising 25% 
or less of the tumour, diffuse architecture, microscopic necrosis, and 
invasion of venous, sinusoidal, and capsular structures. This is widely 
used, although other indices such as Ki67 (cell proliferation marker) 
and molecular markers have recently been proposed.!® 


Tumour staging 

Several staging systems have been proposed to enable optimum prog- 
nostication in adrenal cancer. An overall scheme incorporating the 
different systems is presented in Table 6.38.3. As illustrated, the more 
recent system proposed by the European Network for the Study of 
Adrenal Tumours (ENSAT) restricts stage IV to patients with distant 
metastases. More than 50% of patients present with stage III or stage IV 
tumours. Five-year disease specific survival rates for stage I, II, II, and 
IV disease are reported to be 82%, 61%, 50%, and 13%, respectively.!9 


Management 
Surgical resection offers the only prospect for cure. A radical resec- 
tion of the tumour along with any enlarged lymph nodes is poten- 
tially curative in patients without distant metastases. For large 
tumours invading adjacent structures such as the kidney and the 
liver, en bloc resection should be performed whenever possible. For 
cancers with tumour emboli into the vena cava, macroscopic clear- 
ance should still be attempted. Tumour embolectomy and/or resec- 
tion of a segment of the vena cava may occasionally be necessary. 
Debulking procedures may have a role for palliation; especially in 
those with functioning tumours or local symptoms. 

As preoperative diagnosis for patients with local disease can 
be difficult, the index of suspicion for adrenal cancer should be 


Stage Macfarlane (1958)/Sullivan (1978) UICC/TNM (2004) ENSAT (2009) 

l Tumour <5 cm, with no local invasion, nodal or distant metastasis T1, NO, MO T1, NO, MO 

ll Tumour >5 cm, with no local invasion, nodal or distant metastasis T2, NO, MO T2, NO, MO 

III Tumour with local invasion or nodal disease; but without distant metastasis T1-2, N1, MO Any T, N1, MO 
T3, NO, MO T3-4, NO, MO 

IV Tumour with local invasion and nodal disease; or tumours with distant metastasis T4, NO, MO Any T, Any N, M1 
T3-4, N1, MO 
Any T, Any N, M1 


TNM classification: T1 = <5 cm; T2 = >5 cm; T3 = infiltration into surrounding tissue; T4 = invasion into adjacent organs; NO = no positive lymph node metastasis; N1 = positive lymph 


nodes present; MO = no distant metastasis; M1 = distant metastasis present. 


Adapted from European Journal of Cancer, Volume 46, Issue 4, Lughezzani G et al, ‘The European Network for the study of adrenal tumours staging system is prognostically superior to the 
international union against cancer - staging system: A North American validation, pp. 713-9, Crown Copyright © 2009 Published by Elsevier Ltd, with permission from Elsevier, http://www. 
sciencedirect.com/science/journal/09598049 Source: data from Guthrie T and Jasani N, ‘Contemporary management of adrenocortical carcinoma’, Cancer Therapy, Volume 6, pp. 597—602, 
Copyright © 2008; De Lellis RA et al, Pathology and genetics of tumors of endocrine organs, International Agency for Research on Cancer, Lyon, France, Copyright © 2004 IARC; McFarlane 
DA, ‘Cancer of the adrenal cortex: The natural history, prognosis and treatment in the study of fifty cases. Hunterian Lecture Delivered at the Royal College of Surgeons of England on 

6th March 1958; Annals of The Royal College of Surgeons of England, Volume 23, Issue 3, pp. 155-186, Copyright © 1958; Sullivan M et al, Adrenal cortical carcinoma, Journal of Urology, 
Volume 120, Issue 6, pp. 660-5, Copyright © 1968; and Fassnacht M et al, ‘Limited prognostic value of the 2004 International Union Against Cancer staging classification for adrenocortical 
carcinoma: proposal for a Revised TNM Classification’, Cancer, Volume 1215, Issue 2, pp. 243-50, Copyright © 2008 American Cancer Society. 
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low. Although laparoscopic resection may be performed and has 
equivalent outcomes to open resection in experienced hands,° 
most authors advocate open surgery in large lesions likely to be 
malignant. This is to reduce the risk of capsule rupture, tumour 
seeding, and peritoneal and port site recurrences. 

The role of adjuvant therapy such as mitotane for resected tumours 
is controversial, but may be considered for high risk patients (stage 
III disease, incomplete resection, Ki67 >10%).?! Postoperative sur- 
veillance includes a combination of physical examination, imaging, 
and biochemical assessment (for functional tumours). 

For resectable recurrences and metastases, surgery should still 
be considered in addition to mitotane and cytotoxic chemother- 
apy. Symptoms relating to hormonal excess may require additional 
adrenostatic drugs such as metyrapone and ketoconazole.!5 


Secondary adrenal tumours 


Metastasis could arise from tumours such as breast, bronchus, 
and melanoma. A large metastasis could destroy adrenal tissue 
and lead to adrenal insufficiency; which may present as an acute 
(Addisonian) crisis. These are however often identified on cross- 
sectional imaging done for staging or surveillance as part of the 
management of the primary tumour. Investigations should be done 
as previously discussed. In addition, a CT guided biopsy may occa- 
sionally help confirm the diagnosis. Isolated adrenal metastasis 
may be considered for resection if the primary tumour has been 
adequately treated, the patient's general condition is appropriate 
and if there is no obvious evidence of disease elsewhere.” 


Adrenalectomy: the surgical procedures 


Thornton performed the first reported adrenalectomy in 1889 for 
a 9 kg tumour. Although several approaches have been described 
for an open operation, adrenal surgery has always been considered 
a major challenge due to its anatomy. Laparoscopic adrenalectomy 
was described first by Gagner in 1992 and has now become the 
standard approach for most adrenal lesions. Key advantages with 
the laparoscopic approach include the reduction in access related 
complications (wound dehiscence, hernias, acute and chronic 
pain), adhesions, ileus, and respiratory morbidity; leading to 
shorter hospital stay and earlier recovery. The disadvantages are a 
steep learning curve and longer operative times, especially in the 
early phase of learning. For large tumours (>7 cm), a hand-assist 
approach serves as a useful technique and largely preserves the 
advantages of laparoscopy. Both open and laparoscopic procedures 
can be performed by anterior, lateral, and posterior routes; the ideal 
approach needs to be tailored to the patient and dependent upon 
tumour pathology, tumour size, patient habitus, previous surgery, 
surgeons experience, and whether a bilateral procedure is being 
planned. Table 6.38.4 illustrates the advantages and disadvantages 
of various approaches. Robotic techniques are now being intro- 
duced to facilitate laparoscopic resection, but the precise nature of 
the advantages is unclear and is not thought to outweigh the signifi- 
cant costs involved. 


Informed consent 

A detailed discussion of indications for adrenalectomy, risks of 
complications, and the implications of surgery including the 
need for postoperative steroid replacement is mandatory. General 


complications include venous thromboembolism, respiratory, and 
cardiac problems. Specific complications that should be discussed 
include 


+ Complications related to surgical access and exposure: wound 
infection, delayed healing, wound dehiscence & hernia forma- 
tion (increased with hypercortisolism) and damage to adjacent 
viscera (bowel, kidneys, great vessels, diaphragm, liver on the 
right, and spleen and pancreas on left side). 


+ Pathology specific complications: 


(a) Cushing’s syndrome: contralateral adrenal suppression (after 
unilateral adrenalectomy) and need for steroid replacement; 
need for lifelong steroids after bilateral adrenalectomy. 


(b) Phaeochromocytoma: perioperative hypertensive crisis with 
consequent cardiovascular and cerebrovascular morbidity, 
postoperative hypotension, and hypoglycaemia. 


(c) Conn’s syndrome: persistent hypertension. 


(d) Adrenocortical cancer: tumour rupture, persistent, and 
recurrent disease. 


Key principles in adrenal surgery 


Correct positioning of the patient, appropriate port sites, and inci- 
sions, identification of anatomical landmarks, and careful dissec- 
tion are all important to successful adrenal surgery. ‘Surrounding 
structures and organs are dissected off the adrenal gland. When 
malignancy is suspected, resection should include the entire gland 
including the surrounding fat and any lymph nodes. Adjacent vis- 
cera may need to be excised en bloc if there is evidence of local 
invasion. 

In some patients (such as those with bilateral phaeochromocy- 
tomas and Conn’s syndrome), partial or cortical sparing adrenal- 
ectomy has been advocated to avoid steroid dependence. ‘This is 
however often unsuccessful as patients have a higher risk of recur- 
rent disease and may still need steroid supplementation. Good 
perioperative care is vital especially in patients with functioning 
tumours and requires close collaboration with an experienced 
anaesthetist and medical endocrinology team. 


Postoperative adrenal insufficiency 


This is a medical emergency and can occur in patients who undergo 
bilateral adrenalectomy (for example for bilateral phaeochromo- 
cytoma or for ACTH dependent hypercortisolism) or unilateral 
adrenalectomy (for cortisol producing adrenal tumours where they 
may be contralateral adrenal suppression). This may occur des- 
pite compliance with steroid medication and could be precipitated 
by infection, surgery, trauma, or sepsis; conditions where steroid 
requirements increase significantly. 

Patients may present with malaise, tiredness, weakness, anor- 
exia, and abdominal pain. Findings at presentation include hypo- 
volaemia, hypotension refractory to fluid loading, hyponatraemia, 
hypoglycaemia, hyperkalaemia, and hypercalcaemia. A short syn- 
acthen test confirms adrenal insufficiency. 

These patients should be hydrated with normal saline and supra- 
physiological doses of hydrocortisone in the acute phase. After 
treatment of the acute phase, long term steroid replacement with 
glucocorticoids (hydrocortisone) and mineralocorticoids (fludro- 
cortisone) is necessary. 


Table 6.38.4 Approaches for an adrenalectomy 
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Approach Advantages 


Disadvantages 


Laparoscopic Anterior/ transperitoneal 


Short learning curve for established laparoscopic surgeons 


Problems inherent in transperitoneal access 


Retroperitoneal Ideal for small lesions and patients with history of abdominal Nort suitable for large lesions 
surgery Difficult orientation for low volume surgeons 
Avoids disadvantages of entering peritoneal cavity 
Open Anterior Better suited to large (>7 cm) lesions suspicious for cancer Increased morbidity in comparison to 
laparoscopic approach (ileus, adhesions, hernia, 
respiratory complications) 
Retroperitoneal Direct route (but very rarely performed nowadays) Significant pain/morbidity associated with rib 


excision 


Open thoracoabdominal 


Very wide exposure; optimal for very large tumours with 
diaphragmatic or vena cava involvement 


Wound problems, pain, hernias, and respiratory 
complications 


Prevention of this complication after discharge from hospital 
involves patient education on the importance of compliance to 
medication, use of a ‘Medic-alert’ bracelet or steroid card, and 
awareness of the need to increase steroid dose including use of a 
pre-dosed syringe (100 mg hydrocortisone) for self-administration 
when acutely unwell. 


Summary 


The management of adrenal tumours is associated with numer- 
ous potential pitfalls for the inexperienced. A clear understanding 
of anatomy, pathophysiology, and the natural course of differ- 
ent adrenal diseases is fundamental to securing the best possible 
patient outcomes. In addition, a multidisciplinary approach that 
involves surgeons, endocrinologists, diagnostic and interventional 
radiologists, and oncologists in determining appropriate treatment 
strategies is important in ensuring optimal outcomes. 
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CHAPTER 7.1 


Infertility 


Assessment 
Gert R. Dohle 


Introduction: aetiology and prevalence 


Male infertility is defined as the absence of spontaneous pregnancy 
after one year of unprotected intercourse. About 15% of couples 
with an active wish for children do not achieve a pregnancy within 
one year. Half of these couples will have a spontaneous pregnancy 
in the next year; eventually 4% of couples will remain unwillingly 
childless.! 

The main cause and associated factors of male infertility are listed 
in Box 7.1.1. 

Predictive factors for spontaneous pregnancy are female age and 
ovarian function, duration of infertility, and semen quality. The 
cumulative pregnancy rate in infertile couples with two years of 
follow-up and oligozoospermia as the primary cause of infertil- 
ity is 27%.? In Western societies, female age has become the most 
important single variable influencing spontaneous pregnancy and 
outcome in assisted reproduction.? 


History and physical examination 


Assessment of couples with infertility is extensively described in 
the WHO Manual for the Standardized Investigation and Diagnosis 
of the Infertile Couple.* History taking should focus on the main 
causes and associated factors of male infertility (Boxes 7.1.1 and 
7.1.2). Physical examination includes body composition, signs of 
male hypogonadism, a close examination of the inguinal region 
and evaluation of the scrotal contents (Box 7.1.3). Rectal examin- 
ation is only indicated in case of micturition disturbances or genital 
infections. 


Laboratory examinations 


Semen analysis 


Andrological evaluation is indicated if semen analysis shows 
abnormalities compared with reference values (WHO Manual) 
(Table 7.1.1). Important treatment decisions are based on the results 
of semen analysis and standardization of the complete laboratory 
work-up is essential. Ejaculate analysis has been standardized by the 
WHO and disseminated by continuing work and publications in the 
WHO Laboratory Manual for Human Semen and Sperm-Cervical 
Mucus Interaction (fifth edition). The diagnosis of male infertility 
relies to a great extent on semen analysis. In spite of detailed tech- 
nical guidelines and external quality control programmes for sperm 
laboratories, a large degree of inter- and intralaboratory variability 


Box 7.1.1 Main causes and associated factors of male infertility 


+ Testicular insufficiency 
e Congenital: testicular dysgenesis syndrome (TDS) 
e (Viral) orchitis 
e Testicular torsion 
e Cytotoxic therapy (chemotherapy) 
e Radiation therapy 
+ Genetic abnormalities 


e Klinefelter’s syndrome, Y-chromosomal deletions, CFTR 
gene mutations, 


+ Hypogonadotrophic hypogonadism (low LH and FSH) 


e Primary forms: Kallmann’s syndrome, idiopathic congenital 
hypogonadotrophic hypogonadism 


e Secondary forms: pituitary dysfunction (adenoma, infec- 
tion, haemochromatosis, drugs) 


e Anabolic steroids 
e Morbid obesity 
+ Obstructions of the seminal pathway 
e Congenital bilateral absence of the vas deferens (CBAVD) 
e Midline prostatic cysts 
e Epididymal obstruction 
e Obstruction caused by previous scrotal and inguinal surgery 
+ Urogenital infections/male accessory gland infection 
+ Other causes 
e Sperm antibodies 
e Drugs 
e Chronic disease 
e Varicocele 
e Sexual problems 
e Ejaculatory dysfunction 


+ Idiopathic male infertility (30-40%) 
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Box 7.1.2 History taking in male infertility patients 


Duration of the infertility (months) 

Primary or secondary form; children in a previous relationship 

Cryptorchidism 

Inguinal and scrotal surgery 

Urogenital infections, sexually transmitted diseases, 
tuberculosis 

Urogenital trauma and testicular torsion 

Previous malignancy 

Lifestyle factors: smoking, alcohol abuse, anabolic steroids 

Puberty (age) 

Chronic diseases 

Family history (infertility, congenital abnormalities, genetic 
abnormalities) 

Occupational exposure to chemicals and irradiation 

Sexual problems 


in WHO sperm parameters exists. In addition to the technical vari- 
ation, semen analyses in consecutive samples of an individual are 
known to be subject to individual biological variation.® Although 
sperm parameters like concentration, motility, and morphology are 
used to classify men as infertile, subfertile, or fertile, none of these 
parameters are diagnostic of infertility.’ 

If the results of semen analysis are normal according to WHO 
criteria, one test should be sufficient. If the results are abnormal 
in at least two tests, further andrological investigation is recom- 
mended. It is important to distinguish between the following: 


+ oligozoospermia: <15 million spermatozoa/mL; 
+ asthenozoospermia: <32% motile spermatozoa; 
+ teratozoospermia: <4% normal forms. 


Quite often, these three abnormalities occur simultaneously, 
referred to as the OAT-syndrome. 


Reproductive hormones 


Increased levels of lutenizing hormone (LH) and follicle-stimulating 
hormone (FSH) occur frequently in men with infertility due to tes- 
ticular insufficiency with disturbed spermatogenesis, together with 
decreased testicular volume and low testosterone. 

Men with low levels of gonadotrophins (hypogonadotrophic 
hypogonadism) usually have extreme oligozoospermia or 


Box 7.1.3 Physical examination in an infertile man 


Gynaecomastia, male body composition, length/weight/body 
mass index 

Investigation of the inguinal region (hernia, scars, 
lymphadenopathy) 

Penile abnormalities (hypospadias, meatal stenosis, deformity) 

Testes: volume, consistency (firm, soft), scrotal position, palpa- 
ble abnormalities 

Epididymis: dilatation, defects, induration, cysts 

Vas deferens abnormalities 

Spermatic cord: varicocele (upright position), Valsalva 
manoeuvre 


Table 7.1.1 Lower reference limits (fifth centiles and their 95% 
confidence intervals) for semen characteristics 


Parameter Lower reference limit 
Semen volume (mL) 1.5 (1.4-1.7) 
Total sperm number (mill. per ejaculate) 39 (33-46) 
Sperm concentration (mill. per mL) 15 (12-16) 
Total motility (progressive, non-progressive, %) 40 (38-42) 
Progressive motility (PR, %) 32 (31-34) 
Vitality (live spermatozoa, %) 58 (55-63) 
Sperm morphology (normal forms, %) 4 (3.0-4.0) 
Other consensus threshold values 

pH 2/2 
Peroxidase-positive leukocytes (mill. per mL) <1.0 

MAR test (motile spermatozoa with bound <50 


particles, %) 


Immunobead test (motile spermatozoa with bound <50 


beads, %) 

Seminal zinc (umol/ejaculate) 22.4 
Seminal fructose (umol/ejaculate) 213 
Seminal neutral glucosidase (mU/ejaculate) 220 


Source: data from World Health Organization, WHO Laboratory Manual for the 
Examination of Human Semen and Sperm-Cervical Mucus Interaction, Fifth Edition, 
Cambridge University Press, Cambridge, UK, Copyright © 2010. 


azoospermia. The prevalence of low reproductive hormone levels 
in infertile men ranges from 0.6-8.9%.8 Box 7.1.4 highlights the 
two main types of hypogonadism and the aetiology. 

Determination of reproductive hormones can also help differ- 
entiate between obstructive and non-obstructive forms of azoo- 
spermia: an elevated FSH indicates a non-obstructive form of 
azoospermia. 


Microbiology 


Infections of the male urogenital tract are potentially correctable 
causes of male infertility. There is however no strong evidence 
that links male accessory gland infections to male infertility.°!° In 
contrast to the situation in women, not much is known about the 
consequences of sexual transmitted diseases (e.g. chlamydial infec- 
tions) in men and their impact on semen quality. Studies suggest 
that genital tract infections in young men, including epididymitis, 
are often attributable to chlamydia. Epididymitis is thought to be 
important because fertility might be affected due to inflammation, 
obstruction, and functional impairment, especially where both 
epididymi are affected. There are, however, no conclusive stud- 
ies showing that men infected with chlamydia trachomatis are 
less fertile than uninfected men. Male genital chlamydial infec- 
tion is mainly a threat to the female genital organs. Some bacteria 
may cause a chronic infection of the prostate and the epididymis, 
resulting in (partial) obstruction of the ejaculatory ducts with low 
seminal volume and oligozoospermia.!! Treatment can eradicate 
bacteria in the accessory glands, but leucocytes and reactive oxy- 
gen species (ROS) production may continue to be produced and 
infertility will persist.! 


Box 7.1.4 Hypogonadism classified according to the level 
of lutenizing hormone and follicle-stimulating hormone and its 
main causes 


Hypergonadotrophic hypogonadism (high FSH/LH) 
Causes: testicular insufficiency, disturbed or absent 
spermatogenesis 


+ Congenital forms: Klinefelter’s syndrome, cryptorchidism, 
anorchia, testicular dysgenesis 


+ Acquired forms: orchitis, testicular torsion, castration, chemo- 
therapy, irradiation, testicular tumour 


Hypogonadotrophic hypogonadism (low FSH/LH) 
+ Causes: insufficient production of gonadotrophins 
(hypothalamic-pituitary dysfunction) 


+ Congenital forms: Kallmann’s syndrome, idiophatic hypo- 
gonadotrophic hypogonadism (IHH) 


+ Acuired forms: pituitary tumour (prolactinoma), anabolic 
steroids, morbid obesity 


+ In case of hypogonadotrophic hypogonadism a CT scan or 
MRI scan of the pituitary gland is indicated 


Leucocytospermia 


According to WHO classification, >1 x 10° WBC per mL is defined 
as leukocytospermia. Leucocytospermia is often found in men 
without obvious signs of urogenital infection and with negative cul- 
tures. Leucocytes, especially neutrophilic granulocytes can produce 
large amounts of ROS and cytokines, which may influence sperm 
function. 


Reactive oxygen species 


Impairment of sperm function can be caused by the formation of 
an excess of reactive oxygen species.!3 Spermatozoa are more vul- 
nerable to ROS than other cells due to the structure of the sperm 
membrane and a poor defence system against free oxygen radicals. 
Mitochondria are particularly vulnerable to oxidative stress, thus 
influencing sperm motility. Especially within the epididymis expo- 
sure time to ROS is quite long and the amount of scavengers is lim- 
ited.!4 Oxidative stress is known to cause sperm DNA damage (see 
‘Sperm DNA damage’). 


Sperm DNA damage 


Determination of sperm DNA fragmentation, as assessed by the 
COMET and TUNEL assays and the sperm chromatin structure 
assay (SCSA), may be an important tool for the evaluation of semen 
quality and male fertility. The biological variation of the sperm 
DNA fragmentation is much less compared to the variation of 
classical sperm parameters.!> Sperm DNA fragmentation tests can 
be applied as an additional sperm quality tool to be used in both 
clinical and research settings.!® Interestingly, even semen samples 
with normal concentration, motility, and morphology can harbour 
abnormalities in sperm chromatin structure that are possibly related 
to reduced male fertility.” In addition, high levels of sperm DNA 
fragmentation are associated with a low chance of spontaneous con- 
ception and conception after intrauterine insemination.!©!8 Several 
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studies have documented that conditions like fever, increased scro- 
tal temperature (varicoceles), smoking, and urogenital infections 
can alter sperm DNA integrity.!° Sperm DNA fragmentation can 
be the result of a defective spermatogenesis and of post-testicular 
events, such as the effect of excessive ROS. 


Genetic evaluation 


Genetic abnormalities are more common in men with unexplained 
oligozoospermia and azoospermia, including numerical and struc- 
tural chromosomal abnormalities, deletions of the Azoospermia 
factor region of the Y chromosome and mutations in the cystic fibro- 
sis transmembrane conductance regulator gene, commonly associ- 
ated with congenital vas deferens abnormalities.”° The frequency of 
cytogenetic abnormalities was found to be as high as 13.7% in men 
with non-obstructive azoospermia and 4.6% in men with oligozoo- 
spermia.*! The more severe is the testicular deficiency, the higher 
is the frequency of cytogenetic abnormalities and Y chromosome 
deletions. The most frequent chromosomal aneuploidy found in 
azoospermic men is the Klinefelter syndrome.?* Numeric and struc- 
tural chromosomal aberrations may result in spontaneous abortions 
and in an unbalanced karyotype in the offspring and multiple con- 
genital abnormalities. Y chromosome deletions will cause infertility 
in the male offspring. CFTR gene mutations can result in a child 
with a mild or severe form of cystic fibrosis.” 


Scrotal ultrasound 


Scrotal ultrasound is widely used for the diagnosis of male infer- 
tility. Benign and (pre)malignant scrotal abnormalities are often 
found in infertile men. Scrotal ultrasound can detect substantially 
more abnormalities compared with physical examination. The 
sensitivity of scrotal ultrasound to detect abnormalities is almost 
100%. It can help to establish a diagnosis in male infertility and 
initiate causal treatment. Combined with colour Doppler, it can 
detect vascular pathology (varicocele) and inflammatory processes 
(epididymo-orchitis). We found a 38% prevalence of scrotal abnor- 
malities in a series of 1,372 infertile men, including varicocele 
(29.7%), testicular tumours (0.5%), testicular cysts (0.7%), and tes- 
ticular microlithiasis (0.9%). Only 33% of the sonographic findings 
were also discovered by palpation.*4 


Varicoceles 


Palpation of the spermatic cord has a low detection rate of grade 1 
and 2 varicoceles and a substantial interobserver variability as com- 
pared with colour Doppler ultrasound. Scrotal ultrasounds allows 
a more objective and precise assessment of varicoceles, including 
flow characteristics. Based on our experience with scrotal ultra- 
sound, we propose a new classification system for varicoceles that 
should include the following three observations: 


Diameter of the veins >3 mm at rest/supine position; 
+ Increase in diameter in upright position; 


+ Reflux/retrograde flow >2 sec spontaneous or with a Valsalva 
manoeuvre. 


Testicular tumours and microcalcifications 

Malignant testicular tumours and potentially premalignant condi- 
tions like microlithiasis are incidental findings during ultrasound 
screening of infertile men. Testicular tumours represent only 1% to 
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2% of malignant tumours in men, but are a common malignancy 
in young men.! In infertile men, testicular malignancies are found 
in 0.5-1%. Ultrasound has a near 100% sensitivity for detecting tes- 
ticular tumours.*5 

Testicular microlithiasis are calcifications in the lumina of the 
seminiferous tubules. Microlithiasis has an incidence of 3% in the 
general population. In men investigated for scrotal abnormalities, 
microlithiasis is often found next to malignant disorders. In men 
with a history of cryptorchidism microlithiasis is found in 11.7%; 
in male infertility in 0.8-15%. Microlithiasis is associated with an 
increased risk for carcinoma in situ of the testis.?° 


Testicular biopsy 


Testicular biopsy was considered the cornerstone of male infertil- 
ity diagnosis for many years in men with unexplained infertility 
and men with azoospermia. Recent guidelines for male infertility 
have limited the indications for a diagnostic testicular biopsy to 
the confirmation of obstructive azoospermia in men with normal 
size testes and normal reproductive hormones. Testicular biopsy is 
also performed in men with risk factors for testicular malignancy 
(see “Testicular tumours and microcalcifications). For an accurate 
histological classification, proper tissue handling, fixation, prepar- 
ation of the specimen, and evaluation are needed. A standardized 
approach to testicular biopsy is recommended.”® In addition, for 
the detection of carcinoma in situ of the testis, immunohistochem- 
istry is mandatory. Testicular biopsies, performed for sperm har- 
vesting as well as those for assessing spermatogenic status, should 
be evaluated for the presence of CIS. 

Nowadays, testicular biopsies are mainly performed for sperm 
harvesting in men with non-obstructive azoospermia, to be used 
for intracytoplasmic sperm injection (ICSI). Spermatozoa can be 
harvested from the testes of men with non-obstructive azoosper- 
mia in 40-60% of patients. Since testicular spermatozoa can suc- 
cessfully be used for ICSI it is strongly recommended to perform 
cryopreservation of (part of the) testicular tissue for future ICSI, if 
spermatozoa are available. 
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CHAPTER 7.2 


Surgical treatment 
of male infertility 


Gert R. Dohle 


Introduction to surgical treatment 
of male infertility 


Surgical treatment of male infertility involves diagnostic proce- 
dures (i.e. testis biopsy), (micro)surgical correction of obstructive 
azoospermia, varicocele repair, and sperm aspiration from the epi- 
didymis (MESA) and testes (TESE). 

Testis biopsy can be performed for diagnostic purposes, for 
instance to differentiate obstructive azoospermia from non- 
obstructive forms.! This applies to men with normal testicular vol- 
ume and normal reproductive hormones. In men with azoospermia 
and elevated follicle-stimulating hormone (FSH), a non-obstructive 
form is present and a testis biopsy is not indicated for diagnostic 
purposes. A testis biopsy can also be used to harvest spermatozoa 
to be used for intracytoplasmic sperm injection (TESE and ICSI). 

Primary obstructions of the male genital tract are found in 10- 
20% of men with infertility. The patients present with azoospermia, 
normal testicular volume, and normal reproductive hormones. The 
site of the obstruction is commonly at the epididymal level or in the 
vas deferens, resulting is dilation of the epididymis. The aetiology 
of the epididymal obstruction is either congenital (idiopathic) or 
due to an epididymal infection or surgery.* About 10% of the men 
with obstructive azoospermia have a structural abnormality of the 
genital tract, such as congenital bilateral absence of the vas deferens 
(CBAVD), a mild form of cystic fibrosis. In these men, part of the 
epididymis and the scrotal vas deferens are absent, due to a regres- 
sion of the wolffian duct during early pregnancy.’ 

Obstructions of the ejaculatory ducts are found in men with 
recurrent prostatitis and in men with prostatic cysts in the midline 
of the prostate. Signs of distal obstructions of the genital tract can 
be found on transrectal ultrasound in the prostate and the seminal 
vesicles. Dilations of the ejaculatory ducts and the seminal vesicles 
can be observed as well as calcifications in this region.* 

Varicoceles are found in about 10% of all men and in 25% of men 
with abnormal semen analysis.° Correction of a varicocele often results 
in an improvement of semen parameters. Spontaneous pregnancies 
occur in 25-30% of couples within one year after varicocele repair.® 

Sperm retrieval for ICSI can be performed by open surgery of the 
epididymis (MESA) in case of obstructive azoospermia and of the 
testis (TESE), but also by percutaneous fine needle aspiration of 
spermatozoa from the epididymis (PESA) or the testis (TEFNA).”® 


Diagnostic procedures 


Obstructive azoospermia is likely to be present in men with nor- 
mal size testes and normal gonadotrophins. An exception is men 


with a late block in spermatogensis (maturation arrest) who may 
also present with the same clinical features. Scrotal and transrec- 
tal ultrasound can be helpful in confirming the presence of an 
obstruction of the male genital tract. Ultrasonographic signs of 
obstruction are dilatation of the rete testis, the epididymis, and 
the seminal vesicles in the case of ejaculatory duct obstruction.? 
In selective cases, an MRI-scan of the genital region may help 
in the diagnostic process. Scrotal ultrasound can also detect the 
presence of a varicocele and potential (pre)malignant abnormali- 
ties of the testes.!° Transrectal ultrasound is indicated in men 
with low seminal volume, a normal FSH, an azoospermia or 
severe oligospermia: in these men an obstruction of the ejacula- 
tory ducts may be present. Dilatation of the seminal vesicles and 
the presence of cystic lesion in the prostatic midline can be found 
in these cases.!! 

The diagnosis CBAVD can be made on careful examination of 
the patient and on basis of the results of semen analysis: azoosper- 
mia, a low seminal volume, low pH, and low or absent fructose in 
the ejaculate indicates CBAVD. Additional genetic testing for cystic 
fibrosis gene mutations in both the patient and his partner should 
be performed before a sperm aspiration (MESA) and intracytoplas- 
mic sperm injection (ICSI) is performed. 


Testis biopsy 


Before scrotal exploration is performed in men with azoospermia, 
a testis biopsy can be done to confirm the diagnosis of obstruc- 
tion. In men with low volume testes and elevated levels of FSH, 
an impairment of spermatogenesis is likely to be present and a 
diagnostic testicular biopsy is not indicated. Instead, in men with 
non-obstructive azoospermia (NOA) sperm aspiration from the 
testes can be performed for future ICSI. It is advised to cryopre- 
serve testicular tissue from a diagnostic biopsy for future artificial 
reproductive techniques (ART) in case spermatozoa are present. 
Also, the pathologist should perform additional immunostaining 
of the histological specimen to detect carcinoma in situ of the testis, 
which has a higher incidence in men with NOA.! Testicular biopsy 
can be performed under local and general anaesthesia. Usually, 
the procedure is performed as day-care surgery in an outpatient 
clinic setting. For a diagnostic testicular biopsy, a scrotal incision 
of 2-3 cm should allow enough exposure of the tunica albuginea 
of the testicular. A small incision in the capsule of the testicle of 
about 0.5 cm is made for obtaining a biopsy of about 3 x 3 x 3 mm. 
For adequate classification of spermatogenesis, the removed tissue 
should contain at least 100 seminiferous tubules. The tissue should 
not be squeezed with a forceps since this may disrupt testicular 


tissue architecture and hamper proper evaluation of the seminifer- 
ous tubules. The wound is closed with absorbable sutures. 

An alternative to an open diagnostic testicular biopsy could be a 
transcutaneous puncture of the testis with either a true-cut needle 
or a testicular fine needle aspiration (TEFNA). The advantage of 
fine needle aspiration of the testis is that is does not require surgical 
equipment and experience and can be performed in an outpatient 
setting under local anaesthesia.® 


Microsurgery 


Microsurgery in urology mainly involves procedures for obstruct- 
ive male infertility. Since the results of microsurgical procedures are 
grossly dependent on the skills of the surgeon, adequate microsurgi- 
cal training and clinical experience are the keys to success. Practical 
teaching courses can be very helpful, but a learning curve should be 
taken into account. As in other surgical procedures, patience, good 
microsurgical instruments, and gentle tissue handling are important 
prerequisites for good results. Successful microsurgical correction of 
an obstruction of the male genital tract has clear benefits over ART 
in terms of healthcare costs and lower associated obstetric and neo- 
natal problems in case of spontaneous pregnancy. 1? 


Vasovasostomy 


Microsurgical vasectomy reversal is a challenge for the physician 
but successful treatment depends on many pre- and intraopera- 
tive factors (Box 7.2.1). The main prognostic factors determining 
the outcome of surgery are the duration of the obstructve interval 
and the age of the female partner. After an interval of more than 
10 years, patency decreases to <75% and pregnancy results are less 
than 30%.!3 Epididymal dysfunction with poor motility score and 
secondary epididymal obstruction appeares to be common after 
a long interval. Furthermore, in men with partners older than 35 
years of age, pregnancy is limited due to a decline in ovarian reserve 
in older woman.!4 

A microsurgical repair after vasectomy can be a very success- 
ful and rewarding procedure, since both patency and pregnancy 
results are high under good surgical conditions.!5 The advantage 


Box 7.2.1 Preoperative and intraoperative factors influencing 
the outcome of vasectomy reversal 


+ Age and fertility status of the female partner 

+ Interval between vasectomy and vasectomy reversal 

+ Microsurgical skills and experience 

+ The use of optical magnification 

+ The presence of spermatozoa in the proximal vas deferens 


¢ Gentle tissue handling, with meticulous care for the blood 
supply 

¢ Tension free and leak-proof anastomosis 

+ A modified one-layer or a two-layer microsurgical anastomosis 


¢ Bipolar cautery and the use of non-absorbable 9/0 or 10/0 
sutures 
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of microsurgery is that it enables the surgeon to adequately observe 
the tissue conditions at the level of the planned anastomosis and to 
perform a delicate and exact alignment between the proximal and 
distal part of the dissected vas deferens. 

In men with a long obstructive interval between vasectomy 
and reversal, an obstruction of the epididymis can be found due 
to a blow-out of the epididymal tubule with subsequent leakage of 
semen in the organ and fibrosis. A vasoepididymostomy procedure 
is needed to treat the obstruction. The results of vasectomy reversal 
procedures can be improved substantially if the surgeon is able to 
perform a vasoepididymostomy in cases of a secondary epididy- 
mal obstruction, occurring in about 25% of men with an interval of 
more than 10 years.!6 

Secondary stenosis of the anastomosis appears in about 12-18% 
of the patients within one year. Failure after a first vasovasostomy is 
usually caused by stricture and fibrosis at the anastomosis site. Only 
in a minority of men is an epididymal dysfunction or a testicular 
insufficiency the cause of the failure. 


Vasoepididymostomy 


A vasoepididymostomy is indicated in men with an obstructive 
azoospermia due to an epididymal blockage. Common causes for 
this type of obstruction are epididymitis and vasal obstruction with 
secondary blow-out of the epididymal tubule. A vasoepididymos- 
tomy isa difficult operation to perform, even for experienced micro- 
surgons. Recent refinements of the technique, such as invagination 
of a single epididymal loop into the lumen of the vas deferens have 
facilitated the operation and improved surgical outcome.!7 

After exposure of the scrotum, the epididymis is inspected under 
the operating microscope. Tubule fluid is aspirated for examination 
in the laboratory and cryopreservation, starting in the tail of the 
epididymis. The vas is then pulled through the tunica vaginalis and 
the serosa of the vas is fixated to the tunica vaginalis of the epi- 
didymis. A dilated part of the epididymal tubule is dissected under 
the microscope and 11/0 nylon sutures are used for the anastomsis 
between the opened tubule and the lumen of the vas deferens. 

After the operation, it may take several months before sperma- 
tozoa appear in the ejaculate. Cryopreservation of motile sperma- 
tozoa is advised, because in about 20% the anastomosis may be 
secondarily blocked due to fibrosis, resulting in azoospermia after 
initial patency. 

The patency rate of the procedure is 60-70% and spontaneous preg- 
nancies occur in 20-30%.18 Factors determing the success rate of the 
procedure are epididymal function, the presence of antisperm anti- 
bodies, and the duration of the obstruction. Passage through a sub- 
stantial portion of the epididymis seems essential for the fertilizing 
capacity of the spermatozoa and anastomisis between the vas deferens 
and the head of the epididymis may not result in spontaneous preg- 
nancies. IVF/ICSI procedures are still required for these couples.!? 


Varicocele repair 


The role of varicocoele repair in improving spontaneous pregnancy 
has not yet been shown in a meta-analysis of randomized controlled 
trials.2? Sperm improvement is usually observed after varico- 
coele repair but it seems difficult to show that varicocelctomy also 
improves fertility outcome.?! However, there seems to be a benefit 
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Table 7.2.1 Advantages, disadvantages, and complications of different treatment modalities for varicocele repair 


Treatment Advantage Recurrence/ Complication and disadvantages 
persistence (reference) 
Antegrade Minimal invasive, can be 9% Complication rate 0.3—2.2%; testicular atrophy; scrotal haematoma; 


sclerotherapy (Tauber) performed under local anaesthesia 


epididymitis 


Retrograde Minimal invasive, under local 10-15% Bleeding/haematoma; radiological complication (e.g. reaction to 
embolization aneathesia contrast media); misplacement or migration of coils; retroperitoneal 
haemorrhage; high dosis of irradiation 

Open operation 

Scrotal operation Easy accessible, local anaesthesia 13-30% Testicular atrophy; arterial damage with risk of devascularization and 
may be possible gangrene of testicle; potentially high risk of recurrence; vasal damage 

Inguinal approach 13% Possibility of missing out a branch of testicular vein; arterial damage; 

(Ivanisevich) bleeding en infection; vassal damage 

High inguinal ligation 16-29% 5-10% incidence of hydrocele; retroperitoneal bleeding and 

(Palomo) haematoma 

Microsurgery Minimal invasive; fast recovery 1-4% Arterial injury; potential loss of the testis due to necrosis; haematoma 

Laparoscopy Bilateral correction possible in 7-15% njury to testicular artery and lymph vessels; intestinal, vascular 


one session 


and nerve damage; peritonitis; bleeding; postoperative pain 
(due to diaphragmatic stretching during pneumoperitoneum); 
pneumoscrotum; wound infection 


for young couples with an infertility duration of at least two years, 
a clinical varicocele, oligozoospermia, and otherwise unexplained 
infertility.” Recently, several studies have shown an improvement 
of DNA fragmentation of spermatozoa observed after surgical var- 
icocoele repair indicating a real effect of varicocelectomy on semen 
parameters.? 123 

The size of the varicocoele may be important in the decision for 
repair or observation: in three randomized controlled trials of the 
effect of subclinical varicocele repair on spontaneous pregnancy, 
treatment appeared to be as good as no treatment.?*-?6 Also in nor- 
mospermic men varicocoelectomy showed no benefit as compared 
to controls.?”?8 In fact, varicocoeles are frequently observed in men 
with normal semen analysis and routine treatment of all varico- 
coeles would be overtreatment if the fertility status of the patient 
and his partner is not considered.?? In many infertile couples 
female factors, such as ovulatory disorders, coincide with the pres- 
ence of the varicocoele and successful correction of these factors 
could also account for the increase in spontaneous pregnancies.°0! 

Varicocele repair results in spontaneous pregnancy in about 
25-30% of couples within one year of observation after treat- 
ment.®?! There are different ways to correct a varicocele and all of 
these treatments have advantages and drawbacks, such as recur- 
rences and complications.*? Table 7.2.1 highlights the main treat- 
ment modalities for varicocele repair. 

Microsurgical correction of a varicocele seems to be to most 
efficient treatment in terms of recurrences and complications, but 
randomized studies comparing different treatment modalities are 
still lacking.’ 


Surgical sperm aspiration 


Men with azoospermia may be offered surgical or percutan- 
eous sperm retrieval for the use of ICSI. In men with obstructive 


azoospermia there is a high chance of finding viable spermatozoa 
in the epididymis. Percutaneous puncture and sperm aspiration of 
the epididymis (PESA) under local anaesthesia is usually successful 
in these men. As an alternative, an open scrotal exploration can be 
performed and spermatozoa are aspirated from dilated tubles of the 
epididymis usisng microscopical magnification (MESA). The poten- 
tial advantage of this procedure is that a substantial number of sper- 
matozoa can be harvested, thus allowing multiple ICSI cycles. Also, 
if no spermatozoa are found in the epididymis, a testis biopsy can 
be performed for sperm retrieval (TESE) in the same procedure.” 

Testis biopsy can be part of an ICSI treatment in patients with 
clinical evidence of NOA. Spermatogenesis may be focal: in about 
50-60% of men with NOA spermatozoa can be found that can be 
used for ICSI. Most authors recommend taking several testicular 
samples.*4 A good correlation is seen between diagnostic biopsy 
histology and the likelihood of finding mature sperm cells dur- 
ing testicular sperm retrieval and ICSI.*° No clear relationship has 
been found between successful sperm harvesting and FSH, inhibin 
B, or testicular volume. In case of complete AZFa and AZFb 
microdeletions, no spermatozoa can be retrieved. Testicular sperm 
extraction is the technique of choice and shows excellent repeat- 
ability.*4 Microsurgical testicular sperm extraction may increase 
retrieval rates, although comparative studies are not available 
yet.°° After opening the testis, fluid from large calibre tubules is 
aspirated with the aid of the operating microscope; complications 
appear to be lower than with classical TESE. Positive retrievals are 
reported even in conditions such as Sertoli cell only syndrome.*7 

Testicular fine needle aspiration may be a good alternative 
for TESE, especially in men with normal size testis and nor- 
mal gonadotrophins.® Disadvantage of this technique of sperm 
harvesting is that does not allow histological examination to 
detect (for instance) carcinoma in situ (CIS) and testicular 
malignancies. 
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CHAPTER 7.3 


Infertility 
Sperm retrieval 


Oliver Kayes and Akwasi Amoako 


Introduction to sperm retrieval 


Azoospermia, defined as the complete absence of sperm in the 
ejaculate, affects 1-3% of the male population and accounts for 
10-15% of infertile males. It is usually classified into two distinct 
subgroups, obstructive and non-obstructive. Obstructive azoo- 
spermia (OA) constitutes 40% of cases. Spermatogenesis is nor- 
mal as evidenced by normal testicular volume and normal serum 
follicle-stimulating hormone (FSH) and testosterone levels, but a 
mechanical obstruction of the ductile system prevents expulsion 
of spermatozoa in semen. Acquired causes of OA include vasec- 
tomy, genital tract infections, surgery (scrotal, inguinal, pelvic, or 
abdominal) and trauma. Congenital causes include cystic fibro- 
sis, congenital absence of the vas deferens, ejaculatory duct, and 
prostatic cysts. The remaining 60% of azoospermic men have a 
defect in sperm production due to hypospermatogenesis or mat- 
uration arrest at the spermatid stage and these are classed as non- 
obstructive azoospermia (NOA).!-3 

NOA can result from exposure to environmental toxins, medi- 
cations, cryptorchidism, genetic, and congenital abnormalities, 
varicocele, trauma, viral orchitis, endocrine disorders, or it may be 
idiopathic. Historically, these men were considered sterile and the 
only chance of their partner becoming pregnant was through the 
use of donor sperm. 

Several sperm retrieval techniques have been developed to 
obtain sperm from the vas deferens, the epididymis, or the testicu- 
lar parenchyma in men with OA and NOA or ejaculatory prob- 
lems. Surgical sperm retrieval combined with recent advances in in 
vitro fertilization (IVF) and the advent of intracytoplasmic sperm 
injection (ICSI) permit excellent prospects for pregnancy and allow 
infertile men without ejaculated sperm the opportunity to father 
their own genetic offspring.!*4 


Sperm retrieval techniques 


Techniques currently employed for sperm extraction can be broadly 
divided into aspiration techniques and open biopsy techniques and 
includes: vasal sperm aspiration; percutaneous epididymal sperm 
aspiration (PESA); microsurgical epididymal sperm aspiration 
(MESA); fine-needle testicular sperm aspiration (TESA); multibi- 
opsy testicular sperm extraction (TESE); and microdissection tes- 
ticular sperm extraction (micro-TESE). In men with OA, sperm 
retrieval can be successfully harvested from the vas deferens, epi- 
didymis, or the testicular parenchyma using either an aspiration 
or open biopsy technique. Testicular sperm extraction remains 


the only way to harvest sperm in men with NOA and yields clin- 
ically usable sperm in approximately 50% of these men.” The ideal 
surgical sperm retrieval technique should be able to retrieve high 
quality and adequate numbers of sperm for treatment and/or cryo- 
preservation with minimal damage to the testicles. Sperm retrieval 
techniques may be performed using local, regional, or general 
anaesthesia. Our usual practice is to perform aspiration techniques 
under local anaesthesia while the open microsurgical techniques 
are completed under regional or general anaesthesia. 


Vasal sperm aspiration 


Vasal sperm aspiration involves extraction of sperm from the vas 
deferens in patients with congenital or acquired obstruction of the 
ductile system, vasectomized men, or men with ejaculatory prob- 
lems. A small scrotal incision is made to identify the vas deferens 
and the lumen is entered via a small incision or puncture through 
its muscular wall. A fined-tipped syringe containing sperm culture 
medium is used to aspirate leaking vasal fluid. The incision made 
into the lumen of the vas is closed once adequate spermatozoa have 
been retrieved.® Vasal sperm aspiration yields more mature, highly 
motile, and fertilizable sperm than any of the other sperm retrieval 
techniques because sperm aspirated from the vas have undergone 
the extensive maturation process in the epididymis required to 
attain motility potential.” Vasal sperm has been used successfully 
in intrauterine insemination cycles, although is more commonly 
utilized in IVF/ICSI.8 Short stay outpatient or day case surgery care 
is standard practice with associated rapid recovery within 24 hours. 
Although uncommon, complications include bleeding (1%), infec- 
tion (1%), and scarring in the lumen of the vas deferens (5%).3 


Epididymal sperm aspiration 

Percutaneous epididymal sperm aspiration and microsurgical epi- 
didymal sperm aspiration are the two techniques currently used to 
obtain sperm from the epididymis of men with obstructive azoo- 
spermia. Men with OA have good prospects of successful sperm 
retrieval from their epididymis. PESA is normally undertaken as an 
outpatient procedure with local anaesthesia (+/- sedation) but can 
also be done under regional or general anaesthesia. The procedure 
involves stabilization of the epididymis between the index finger, 
thumb, and forefinger while cupping the testis in the palm. A 19 G 
needle attached to a tuberculin (1 mL) syringe containing gamete 
culture medium is directly inserted through the stretched scrotal 
skin into the epididymis. The plunger of the syringe is fully drawn 
back to create a negative pressure and the tip of the needle is gently 
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moved in and out of the epididymis until slightly opalescent fluid 
is aspirated into the syringe. The needle is gently withdrawn from 
the epididymis and the aspirate flushed into sperm medium in a 
tube that is passed on to the laboratory personnel for microscopic 
examination. 

The main advantages of PESA are reproducibility, the possibility 
of repeat procedures, reduced cost, reduced pain, and no require- 
ment for intensive microsurgical training.? 

MESA involves opening of the scrotal skin to expose the epi- 
didymis and allows direct visualization of the seminiferous tubules. 
A small incision is made in the selected epididymal tubule and 
fluid exuding from the tubule is aspirated using a silicone tube or 
blunted needle attached to a 1 mL tuberculin syringe. The aspirate 
is flushed into 0.5-1.0 mL of sperm medium at 37°C and the tube 
containing the epididymal aspirate is transferred to the laboratory 
for microscopic examination. The main advantage of MESA over 
PESA is the retrieval of higher numbers and better quality sperm. 
MESA however, is associated with more complications such as 
bleeding, haematoma, postoperative pain, infection, and fibrosis. 
There are associated training and equipment restrictions that only 
permit MESA to be offered in limited centres. 

During PESA or MESA, sufficient spermatozoa for ICSI or cryo- 
preservation may be obtained in a single puncture and aspirate. 
The procedure can however be repeated with fresh materials at dif- 
ferent sites of the same epididymis and/or from the contralateral 
epididymis until an adequate number of viable motile sperm have 
been recovered.!° Successful sperm retrieval using either technique 
has been reported for 90-100% of men with OA. Motile sperm 
isolated with PESA and MESA has similar fertilization, cleavage, 
and clinical pregnancy rates to ejaculated sperm when used in ICSI 
cycles.° It is important to warn patients that potential microsur- 
gical reconstructive techniques (i.e. epididymo-tubulo-vasostomy) 
may be impeded and compromised following epididymal breach 
and aspiration. 


Testicular sperm aspiration 


TESA is a blind procedure whereby a large gauge needle attached 
to a syringe is inserted through the stretched anterior scrotal skin 
into the anteromedial or anterolateral portion of the superior tes- 
ticular pole in an oblique angle towards the middle and lower zones 
of the testis. A small piece of testicular tissue is aspirated and the 
needle is gently withdrawn from the testis while the negative pres- 
sure is maintained. The specimen is flushed into a tube containing 
0.5-1.0 mL warm sperm medium and transferred to the laboratory 
for microscopic examination. TESA (or TESE) may be performed 
at the contralateral testis if insufficient or no sperm are obtained. 
Different areas of the testicles can be sampled.° 


Testicular sperm extraction 


Testicular sperm extraction (TESE) involves the use of single or 
multiple open biopsies to retrieve sperm from the testicular par- 
enchyma. TESE is primarily used in cases of NOA but may be used 
where PESA and MESA have failed and in men with OA. This tech- 
nique has been used historically as the method of choice to obtain 
sperm from the testicular parenchyma, although in recent years 
microsurgical TESE has become the preferred method with several 
perceived advantages over conventional TESE. Standard testicular 
sperm extraction (TESE) involves opening of the scrotal skin and 
tunica vaginalis to expose the tunica albuginea. Incisions are made 


through the tunica albuginea in different regions of each testis, usu- 
ally three incisions per testicle, and the testicular tissues extruding 
from the incisions are excised. Gentle pressure is applied to the tes- 
tis to extrude testicular parenchyma out of the small incision and 
assist in its removal. Some fragments (at least one per testis) are 
embedded within Bouin's solution for histological examination. 
The remaining testicular biopsies are passed on to the laboratory 
personnel for sperm retrieval. TESE can be repeated in a differ- 
ent testicular pole if a multiple biopsy approach is used.-!! Sperm 
retrieval rates using conventional TESE vary from 25% to 60%.!2 

Microdissection testicular sperm extraction (micro-TESE) is 
done similarly to the conventional TESE (see Fig. 7.3.1) by opening 
the scrotal skin and tunica vaginalis but instead of using multiple 
incisions, a single equatorial incision is made in the tunica albug- 
inea to bi-valve the testis and expose the testicular parenchyma. 
Micro-TESE incorporates the use of an operating microscope 
with x16-25 magnification to dissect the testicular parenchyma 
and search for dilated seminiferous tubules!” that indicate poten- 
tial areas of active spermatogenesis. Biopsies can be performed by 
removing these individual tubules. In the absence of dilated tubules, 
multiple random biopsies are taken from at least three regions of 
each testicle. Specimens are sent to the laboratory for processing 
and to search for sperm. The albuginea and scrotal layers are closed 
using absorbable sutures. 


Fig. 7.3.1 Microdissection testicular sperm extraction (micro-TESE). (A) The 
testis are delivered through a midline skin incision and inspected for evidence of 
reduced function (size), obstruction (distended epididymis), infections (scarring, 
hydrocele), and general normal anatomy. (B) An equatorial incision is made, 
sparing the relevant blood supply and the testis is bivalved gently to expose 

the underlying parenchyma. (C) Using an operating microscope, the testicular 
parenchyma is inspected to identify potential areas of active spermatogenesis (i.e. 
dilated seminiferous tubules). Individual tubules are excised and placed in culture 
medium for inspection by the embryologist. (D) The tunica albuginea is closed 
with either interrupted on running sutures (4/0 vircyl/™). Before closure of the 
dartos and skin, careful inspection for bleeding is completed, and delivery of a 
bilateral cord block is undertaken. 


Table 7.3.1 Success rates of micro-TESE in non-obstructive 
azoospermic (NOA) men with known associated negative 
fertility factors 


Condition Success rate (%) 
Clinical 

History of undescended testis 52-74% 
Varicocele 63% 
Infection (e.g. epididymitis, mumps) 67% 
Torsion >50% 
Post chemotherapy 55-75% 
Genetic 

Any AZF a +/or b microdeletion 0% 
Isolated AZF c microdeletion 75% 
Idiopathic 50-60% 
Klinefelter’s 30-50% 
Biological 

High FSH; small testis 50% 
Sertoli cell-only syndrome (SCOS) 40% 
Maturation arrest (MA) 40% 
Hypospermatogenesis 75% 


Source: data from Ashraf CM et al, ‘Microdissection Testicular sperm extraction (Micro- 
TESE): Results of a large series from India’, Andrology, Volume 3, Issue 1, 1000113, Copyright 
© 2014 Ashraf CM, et al. and Schlegel PN, ‘Testicular sperm extraction: microdissection 
improves sperm yield with minimal tissue excision, Human Reproduction, Volume 14, 

Issue 1, pp. 131-5, Copyright © 1999 European Society of Human Reproduction and 
Embryology. 


The success of micro-TESE at obtaining testicular sperm for ICSI 
has been reported in the region of 50-54% in all cases of NOA 
and in patients where dilated seminiferous tubules were clearly 
identified, the success rate was 73.6% (Table 7.3.1). Furthermore, 
sperm retrieved using micro-TESE techniques results in fertiliza- 
tion and embryo cleavage rates of 61% and 75% respectively, with 
a cumulative clinical pregnancy rate of 29.78% per ICSI cycle.!? 
Additionally, micro-TESE offers the advantage of removing only a 
small amount of parenchymal tissue; thereby helping to preserve 
testicular androgen production in men with NOA who may already 
have compromised testicular size and function. Comparative stud- 
ies have shown improved retrieval rates for micro-TESE against 
multiple biopsies (63% vs. 43%) and reduced average sampling vol- 
umes (9.4 mg vs. 720 mg).4 

Conventional TESE or micro-TESE may be performed on the 
contralateral testis if insufficient or no sperm are obtained. Different 
areas of the testicles can be sampled. Patients are discharged on the 
same day and can return to normal activities one and three days 
after percutaneous and open techniques, respectively. Analgesics, 
scrotal ice packing, and support is recommended to control oedema 
and to alleviate pain. Patients should refrain from ejaculation and 
strenuous physical activity for approximately 14 days. 

Following TESE or micro-TESE, testicular tissue is placed in 
2 mL of sperm medium and minced mechanically with sterile 
slides. The presence of spermatozoa is checked with an inverted 
microscope at x3,400 magnification. Any motile sperm that are 
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found are immediately frozen. If the initial microscopic evaluation 
did not show motile spermatozoa, the sperm suspension is trans- 
ferred into a Falcon tube and centrifuged at 600 g for five minutes. 
The pellet is resuspended in 0.5 mL of sperm medium and incu- 
bated at 37°C and 5% CO, for one hour and the presence of motile 
sperm is checked again. After two hours of extensive search, if no 
sperm is found, the sample is discarded. 

Current evidence in the literature regarding the ideal choice 
of sperm retrieval technique is restricted to non-comparative, 
descriptive, observational, and uncontrolled studies. Current evi- 
dence, however, suggests that micro-TESE performs better than 
conventional TESE, particularly in cases of sertoli cell-only syn- 
drome (SCOS) where tubules containing active foci of spermato- 
genesis can be identified and in men with high FSH and smaller 
testes (see Table 7.3.1). Conventional TESE can yield better sperm 
retrieval rate than FNA.!° 

Fresh motile testicular sperm retrieved from NOA patients may 
have the same potential to achieve fertilization and pregnancy as 
sperm retrieved from OA patients. Sperm retrieval rates using 
micro-TESE have been evaluated in both OA and NOA men. In one 
study, sperm were retrieved from 17 of 40 (43%) patients with NOA 
and 18 of 18 (100%) with OA. Motile sperm retrieved in cases of 
NOA and OA using micro-TESE had similar fertilization and preg- 
nancy rates.!4 Several variable such as age, serum FSH, and inhibin 
B levels, testicular size, genetic analysis, history of Klinefelter syn- 
drome, history of cryptorchidism or varicocele have been used to 
preoperatively identify non-obstructive azoospermic men with a 
potentially high yield at the time of sperm extraction. To date, none 
of these factors absolutely predict the chance of successful sperm 
retrieval in men with NOA. 

Histological examination of percutaneous or open testicular 
biopsy cannot absolutely predict future sperm retrieval success 
rates due to sampling errors and the phenomenon of sporadic 
spermatogenesis observed in the testes of some infertile men with 
NOA.15 In recent years, fine-needle aspiration has been proposed as 
a means of systematically localizing areas of active spermatogenesis 
in the testis to aid biopsy and improve chance of successful sperm 
retrieval. This technique has not been scrutinized and the available 
evidence is currently restricted to data from only one centre.® 


Role of adjuvant therapies prior to surgical 
sperm retrieval 


Hormonal therapies have been empirically used prior to surgical 
sperm retrieval in patients with NOA to potentiate spermatogenic 
function and hopefully improve output and sperm quality. Although 
none of these treatments have been subjected to randomized con- 
trolled trials, the available evidence from various studies suggests a 
possible role.!° Clomiphene citrate, human chorionic gonadotropin 
(hCG), and human menopausal gonadotropin (hMG) have been 
shown to increase endogenous FSH secretion and intratesticular 
testosterone levels, which are essential for spermatogenesis. A mul- 
ticentre study involving 612 men with NOA reported that adminis- 
tration of clomiphene citrate, hCG, and hMG prior to micro-TESE 
resulted in the presence of sperm in the ejaculate which obviates 
the need for surgical sperm retrieval and a greater likelihood 
of successful sperm retrieval in those who remain azoospermic 
(57% vs. 33.6%) compared to the control group.!”!8 Pure FSH 
treatment prior to TESE in 108 men with NOA and normal FSH 
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levels has also shown a higher sperm retrieval rate in the treated 
group (64% vs. 33%) compared to the control group.!? 

Aromatase inhibitors such as letrozole and anastrozole have also 
been used to correct the abnormal testosterone to oestradiol ratio 
that is commonly found in men with NOA. This imbalance is pur- 
ported to result from an increase in aromatase activity from the 
hyperplastic Leydig cells which results in increased oestrogen pro- 
duction. Some investigators have reported a dramatic improvement 
in sperm concentration and motility in men with severe oligozoo- 
spermia.?°*! The anti-oestrogen tamoxifen has also been used to 
correct the abnormal testosterone/oestrogen ratio in men with 
NOA and improve the results of testicular sperm recovery, as well 
as increasing the chance of pregnancy by ICSI.?2 

Varicocele has a substantial impact on sperm production and 
quality and varicocelectomy in patients with abnormal semen 
parameters, which leads to an improvement in sperm count and 
motility. However, the impact of varicocelectomy in improving 
sperm production in men with NOA and the chance of successful 
sperm recovery is currently not well established. Some studies have 
reported a positive effect on sperm retrieval rates following vari- 
cocelectomy. A retrospective review of 138 patients with clinical 
varicoceles who either had varicocelectomy or not prior to TESE 
shows similar sperm retrieval rate of 60% and 60%, respectively.” 
Further data is pending in this area. 


Cryopreservation 


Sperm that are retrieved surgically can be used for treatment in a 
fresh IVF cycle by timing oocyte retrieval day with surgical sperm 
retrieval; however, the logistics involved may not allow this and the 
absence of any retrieved sperm on the day of the of oocyte retrieval 
may result in cycle cancellation. Cryopreservation of human sper- 
matozoa was introduced in the 1960s and provides an alternative by 
storing surgically retrieved spermatozoa before assisted reproduc- 
tion treatments. Cryopreservation is known to have some deleteri- 
ous effects on spermatozoa by altering important structures such 
as the sperm membrane, chromatin integrity, and DNA fragmenta- 
tion, thereby decreasing overall viability and ability to survive the 
freeze-thaw process. These effects are even more marked in sperm 
retrieved from the testes. 

However, emerging evidence suggests that cryopreservation has 
no significant effect on sperm viability. A retrospective cohort study 
involving a total of 337 IVF/ICSI cycles using sperm surgically 
retrieved on the day of oocyte retrieval (group A), the day before 
oocyte retrieval (group B), and frozen-thawed testicular spermatozoa 
(group C) from men with OA and NOA found similar fertilization 
rates of 70.7%, 68.7%, and 67.3%, clinical pregnancy rates of 31.3%, 
30.9%, and 25.5%, and delivery rates of 28.9%, 28.5%, and 23.2% for 
groups A, B, and C, respectively. Neither the timing of TESE (on the 
day of or the day before oocyte retrieval) nor the use of frozen-thawed 
testicular sperm affected the outcome of ICSI-ET cycle when motile 
spermatozoa were obtained in azoospermic men. In addition, the 
aetiology of azoospermia does not have any influence on the outcome 
with different timings of microdissection TESE procedures for ICSI.74 


Conclusion 


Surgical sperm retrieval in combination with IVF/ICSI represents 
new therapeutic avenues in the fertility management of couples 


where the male partner has azoospermia which is not correctable. 
The current techniques have variable success rates but have not 
been subjected to randomized control trials—hence the paucity of 
good evidence to inform the choice of one technique over the oth- 
ers. In experienced hands, sufficient and good quality sperm can 
usually be harvested for treatment and/or cryopreservation. 


Further reading 


Donoso P, Tournaye H, Devroey P. Which is the best sperm retrieval 
technique for non-obstructive azoospermia? A systematic review. 
Hum Reprod Update 2007; 13(6):539-49. 

Kalsi J, Thum MY, Muneer A, Abdullah H, Minhas S. In the era of 
micro-dissection sperm retrieval (m-TESE) is an isolated testicular 
biopsy necessary in the management of men with non-obstructive 
azoospermia? BJU Int 2012; 109(3):418-24. 

Shin DH, Turek PJ. Sperm retrieval techniques. Nat Rev Urol 2013; 
10(12):723-30. 
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Infertility 
Vasectomy 


Yacov Reisman 


Introduction to vasectomy 


The purpose of the vasectomy is to provide reliable contraception.! 
In 2002, data collected in the United States show that vasectomy 
was used by 5.7% of men aged 15-44, which represents the fourth 
most commonly used contraceptive method. Another study from 
the United States estimates that about one out of every six men over 
the age of 35 has had a vasectomy.” Meanwhile, a UK study shows 
that 18% of men aged <70 years have had a vasectomy. Higher vas- 
ectomy rates are associated with higher levels of education and 
income.? 

Research indicates that the level of effectiveness is 99.6%.4 
Compared to tubal sterilization, vasectomy is equally effective in 
preventing pregnancy; however, vasectomy is simpler, faster, safer, 
and less expensive.>° 


Counselling and relative contraindications 


It is not a legal requirement to involve both partners in the decision- 
making and consent process. Nevertheless, it is good practice to 
involve both partners if the male agrees. 

The history should include information about the patient’s mari- 
tal status, number of children, and motives for the procedure. His 
medical and surgical history should be reviewed as well and past 
history of surgical or anaesthetic complications should be noted. 

The procedure should be described. Vasectomy is intended to 
be a permanent form of contraception; its benefits and potential 
complications should be explained as well. It should be emphasized 
that vasectomy does not produce immediate sterility and another 
form of contraception is required until vas occlusion is confirmed 
by post-vasectomy semen analysis.! 

As pregnancy after vasectomy may have serious consequences, 
men should be always informed about the small possibility of vas- 
ectomy failure. The risk of pregnancy after vasectomy is approxi- 
mately 1 in 2,000 for men who have post-vasectomy azoospermia.” 
Genital examination can be performed. Both vasa should be pal- 
pated, with particular attention paid to the mobility and the num- 
ber of vasa.4 

Over 10 years, about 2% of vasectomized men have a reversal 
operation, and sometimes additional artificial reproductive tech- 
niques are needed to achieve conception.! 

There are no absolute contraindications. Relative contraindica- 
tions may be the absence of children, young age (<30 years) (as 
the chance of a reversal request is increased in men who had a 


vasectomy at a young age and in those without children), severe 
illness, no current relationship, and scrotal pain. 14 


Surgical techniques 


Vasectomy can performed in an outpatient setting under local 
anaesthesia. Prophylactic antimicrobials are not indicated rou- 
tinely. The patient should be instructed to cleanse the genital area 
on the day of surgery. Aspirin should not be taken for one week 
before the procedure, while other platelet inhibitors and anticoagu- 
lants should be withheld for three to four days beforehand. If an 
anxiolytic has been prescribed, it should be taken 30 minutes before 
surgery. 

The proper surgical environment includes a warm room to facili- 
tate scrotal relaxation. The procedure is performed with the patient 
in the supine or dorsolithotomy position. Intravenous access is 
generally not required. Some surgeons shave the surgical area, and 
warmed povidone-iodine solution applied. The penis may then be 
retracted by taping it to the abdomen. 

For anaesthesia, a 1-2 cm wheal should be made at the desired 
incision site, bilaterally. The needle is advanced parallel and 
adjacent to the vas and toward the external inguinal ring. After 
gentle aspiration, 2-5 mL of 1% lidocaine without adrenaline is 
injected.!4 

Although various vasectomy techniques have been described, all 
share three essential steps: isolation of the vas deferens, delivery 
and interruption of the vas, and management of the vasal ends. 

Isolation of the vas can occasionally be challenging. The tech- 
nique used to position the vas is the key to a successful proced- 
ure. A ‘three-finger technique’ for positioning the vas has been 
described, in which the non-dominant hand is used to manipulate 
the vas into a subcutaneous position. 

After the vas is manoeuvred to the desired location, a 1-2 cm 
horizontal or vertical incision is made. Next, the soft tissue is 
bluntly dissected. A clamp is then advanced through the incision 
to grasp the vas and surrounding tissue. After, the fibrous layer 
surrounding the vas is incised longitudinally. Controversy exists 
regarding the length of the vas segment to be removed. In one 
study, removal of segments that were less than 14-16 mm in length 
was associated with increased rates of recanalization. Therefore, 
removal of at least 15 mm is recommended. There is no need for 
routine pathologic examination of the vas. A variety of surgical 
techniques for occluding the vas are used, but no single method 
has been shown to be superior to others. Options include ligation, 


clipping, cautery, proximal fascial interposition, and open-ended 
techniques. Combinations of these methods are usually performed. 
Ligation of the vasal ends is a common practice. Proximal fascial 
interposition involves the closure of the fascial sheath over the 
prostatic cut end of the vas in a purse-string fashion. This technique 
was shown to be effective and to cause few postoperative complica- 
tions.8-10 Following management of the vasal ends, the wound is 
then inspected and the incision is closed with absorbable suture. 

The no-scalpel technique was developed in China in 1974 in the 
hope of improving the acceptance of vasectomy in that country. 
A ringed extracutaneous vas clamp is used to fixate the vas to the 
overlying skin, and a single midline incision is made by means of 
a sharpened clamp. The benefits of no-scalpel vasectomy include 
a shorter operating time, less pain and swelling, and faster recov- 
ery. Failure rates are similar to those associated with conventional 
techniques.!! 


Postoperative care and clearance 


After the procedure is completed, postoperative instructions 
should be reviewed with the patient. Appropriate recommenda- 
tions include intermittent ice applications to the scrotum, bed rest, 
scrotal support for 48 hours, and avoidance of heavy exertion for 
one week. Appropriate analgesia should be offered. Sexual activity 
should be avoided for one week. Another method of contraception 
should be used until semen analysis has confirmed azoospermia. 

Many patients are not compliant with the protocol after vasec- 
tomy. There is general consensus that men can be given clearance 
if no spermatozoa are found in the ejaculate. At least 80% of men 
have no spermatozoa found in their ejaculate three months after 
vasectomy. In some men, low numbers of non-motile spermato- 
zoa are present and can persist for a longer period of time. These 
men can be given clearance if <100,000 non-motile spermatozoa 
per millilitre are present three months after vasectomy. In case 
of persistent motile spermatozoa after six months of follow-up, 
it is advised that the vasectomy be redone. An adequate number 
of ejaculations, at least 20, should have occurred in those three 
months. 12-14 


Effectiveness 


The World Health Organization (WHO) states that, ‘vasectomy 
is highly effective when the procedure is properly performed and 
when the man waits for 3 months after the vasectomy before hav- 
ing unprotected intercourse. Pregnancy rates associated with vas- 
ectomy are reported in the range of 0-2 per 100 operations, with 
most studies reporting failure rates of less than 1%.15 

Vasectomy failure may be due to user failure or to failure of the 
technique itself. User failure occurs when alternate contraception 
is not used during the period after vasectomy but before all sperm 
are cleared from the reproductive tract. The most common cause of 
failure of the vasectomy technique itself is spontaneous recanaliza- 
tion of the vas, which can occur at any time after vasectomy. Early 
recanalization occurs before azoospermia is achieved, when sperm 
counts begin to rise before they have even fallen to zero. Late reca- 
nalization occurs after azoospermia has been demonstrated, when 
motile sperm reappear in the ejaculate. The pregnancy rate due to 
late recanalization is approximately 1 in 2,000.! 


CHAPTER 7.4 INFERTILITY: VASECTOMY 


In a large review of randomized trials concerning different vas- 
ectomy methods, none of the trials found a difference between the 
groups for time to azoospermia. Fascial interposition was less likely 
to end in vasectomy failure at 34 weeks.!! 


Complications and late consequences 


A low frequency of complications is associated with vasectomy. 
Different definitions of complications in the literature have resulted 
in different reported frequencies. 

Postoperative bleeding and haematoma (4-22%) rarely, may 
require incision and drainage. If the haematoma is stable, allow it 
to resolve on its own. Some advocate the use of prophylactic anti- 
biotics.!® Infections (0.2-1.5%) are generally mild and limited to 
the wound site, but Fournier’s disease has been reported.!7 Chronic 
scrotal pain (1-14%) is usually mild but sometimes is associated 
with negative impact on quality of life. Few of these men require 
additional surgery. 

A sperm granuloma is the result of an inflammatory reaction to 
the leakage of sperm from the vas. Sperm granuloma develops in 
15-40% of patients undergoing vasectomy and may cause pain in 
up to 3% of patients in whom it develops.!® Sexual problems are 
no more prevalent among vasectomized men than they are among 
non-vasectomized men. !8 

Antisperm antibodies are found in between 8-21% of men in the 
general population and in 9-36% of infertility patients. In contrast, 
circulating sperm agglutinating antibodies are found in 50-80% 
of men in the first year after following vasectomy. Development of 
antisperm antibodies is thought to be related to breakdown of the 
blood-testis barrier and leakage of sperm antigens from the epi- 
didymis. Sperm antigens have been found in the serum of men as 
early as two weeks after vasectomy. 

All available data indicate that vasectomy is safe and is not asso- 
ciated with increasing risk of serious, long-term side effects or dis- 
ease, such as testicular or prostate cancer or heart disease. 1° 


Further reading 


Cook LA, Van Vliet H, Lopez LM, Pun A, Gallo ME Vasectomy occlusion 
techniques for male sterilization. Cochrane Database Syst Rev 2007; 
18(2):CD003991. 

Dohle GR, Diemer T, Kopa Z, et al. European Association of Urology 
guidelines on vasectomy. Eur Urol 2012; 61:159-63. 

Royal College of Obstetricians and Gynaecologists. Male and Female 
Sterilization: Evidence-based Guideline no. 4. London, UK: RCOG 
Press, 2004. 

World Health Organization. Selected Practice Recommendations for 
Contraceptive Use, 2nd edition. Geneva, Switzerland: World Health 
Organization, 2004. 
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CHAPTER 7.5 


The management of fertility 
in spinal cord injury 
Mikkel Fode and Jens Sonksen 


Causes of infertility in spinal cord injury 


As normal ejaculation is mediated by sympathetic and parasym- 
pathetic fibres from segments T10-12 and S2-4, respectively, only 
about 10% of men with spinal cord injury (SCI) can ejaculate nor- 
mally by sexual stimulation.‘“!4 In addition, SCI can reduce semen 
quality. The reason for this is not entirely clear but factors in sperm 
transportation/storage, the seminal plasma, and the immune sys- 
tem are likely to be acountable. Meanwhile SCI does not signifi- 
cantly affect female fertility. 


Treatments 


Treatment of SCI induced infertility is dependent on obtaining 
viable sperm. The first choice is penile vibratory stimulation (PVS) 
(Fig. 7.5.1). This is performed by stimulating the glans penis for 


Fig. 7.5.1 Penile vibratory stimulation (PVS). PVS is performed by stimulating 
either the ventral or the dorsal side of the glans penis for repeated periods of two 
to three minutes until ejaculation. The optimal stimulation parameters have been 
shown to be an amplitude of 2.5 mm and a frequency of 100 Hz. If PVS is initially 
unsuccessful, dual stimulation of both sides of the glans with two vibrators can 
be attempted. The illustration depicts the FERTI CARE® vibrator (Multicept A/S, 
Frederiksberg, Denmark). 

Reproduced courtesy of Jens Sonksen, MD, PhD, DMSci. 


repeated periods of two to three minutes or until ejaculation. The 
penile skin should be inspected for bruises during breaks. PVS is 
most effective in men with an intact reflex arc, as men with injuries 
at T10 or above have an 88% success rate, while men with lower inju- 
ries have a 15% success rate. If a patient is unable to ejaculate initially, 
two vibrators can be applied at each side of the glans simultaneously. 
Although rare, the most serious side effect of PVS is an uninhibited 
sympathetic reflex response termed autonomic dysreflexia. This can 
occur in patients with an injury at or above T6. Patients at risk, can 
be given prophylactic nifedipine. If pre-symptoms (including hyper- 
tension, bradycardia, sweating, chills, headache, anxiety, and flush- 
ing) occur during stimulation, the procedure should be discontinued 
and the patient should be returned to an upright position. 

If PVS is unsuccessful, electroejaculation (EEJ) can be 
attempted.!>-?? With this method, an electric current is deliv- 
ered through a rectal probe (Fig. 7.5.2). First 5V of electricity is 


Fig. 7.5.2 Electroejaculation (EEJ). EE) is performed with the patient placed in 

the lateral decubitus position. The probe is inserted into the rectum with the 
electrodes facing toward the seminal vesicles and the prostate. An electric current 
is then delivered in a wave-like pattern with a progressivly increasing voltage up to 
30 V. A dribbling ejaculation takes place during breaks between stimulation waves 
and the ejaculate is collected by milking the urethra. The illustration depicts the 
Seager Model 14 Electroejaculator (Dalzell Medical Systems, USA). 

Reproduced courtesy of Jens Sonksen, MD, PhD, DMSci. 
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delivered for five seconds, after which the current is abruptly dis- 
continued. This causes pelvic muscle contractions during which 
ejaculation can occur. When the contractions have ended, subse- 
quent waves of stimulation and pauses are initiated. The electri- 
city is progressively increased to a maximum of 20-30 V. Waves 
are continued until no more ejaculate is obtained. As EEJ often 
results in a partly retrograde ejaculation the bladder can be emp- 
tied and a sperm-friendly medium instilled prior to EEJ. This 
allows sperm to be collected by catheterization following the pro- 
cedure. In patients with preserved pelvic sensation, general anaes- 
thesia is necessary. EEJ typically results in a lower total motile 
sperm count compared to PVS, but the procedure results in an 
ejaculate in almost all cases. The risk of autonomic dysreflexia is 
higher with EEJ than with PVS but the same considerations apply. 
In patients under general anaesthesia, blood pressure must be 
monitored as any abrupt increase should lead to discontinuation 
of the procedure. 

Surgical sperm retrieval should only be considered as a last 
option, as these methods are both expensive and invasive and yield 
lower total motile sperm counts than PVS and EE). 


Methods of insemination 


Home insemination can be attempted in patients who are able to 
ejaculate with PVS and who have good semen quality. No cut-off 
point has been established but a reasonable estimate is a minimum 
of four million motile sperm. After instruction, the couple per- 
forms PVS around the time of ovulation. The ejaculate is collected 
in a cup and injected into the vagina by a needleless syringe. The 
largest study of its kind (n = 140) has recently shown a pregnancy 
rate of 43% and a median time to pregnancy of 22.8 months (range 
6.0-98.4) with this method. 

If the couple is unable to or does not wish to perform home 
insemination, assisted reproductive techniques (ART) can be 
performed at a fertility clinic. ART include intrauterine insem- 
ination (IUD), in vitro fertilization (IVF), and intracytoplasmic 
sperm injection (ICSI). Pregnancy outcomes with these meth- 
ods are similar to those found in the overall population of infer- 
tile couples. The choice of method depends on the total motile 
sperm count. IUI may be attempted with counts above four mil- 
lion, while IVF or ICSI are recommended in case of lower sperm 
counts or in case of IUI failure. It is important to bear in mind 
that the number of motile sperm depends partly on the method 
of sperm retrieval as PVS yields the highest count while sur- 
gical sperm retrieval automatically commits the couple to IVF 
or ICSI. 


Conclusion 


The first choice for inducing ejaculation in SCI patients is PVS. If this 
is unsuccessful, EEJ should be employed. Depending on the total 
motile sperm count, couples can choose between performing home 
insemination or receiving a form of ART. The advantages of home 
insemination include low cost, a strong sense of patient control, and 
the possibility of multiple pregnancies without further treatment, 
while the disadvantages are a lower overall pregnancy rate than with 
ART and a relatively long median time to pregnancy. With the right 
treatment, it is possible for most SCI men to have children. 


Further reading 


Brackett NL, Ibrahim E, Iremashvili V, Aballa TC, Lynne CM. Treatment 
for ejaculatory dysfunction in men with spinal cord injury: an 18-year 
single center experience. J Urol 2010; 183(6):2304-8. 

Fode M, Krogh-Jespersen S, Brackett NL, et al. Ejaculatory disorder in men 
with spinal cord injury. Eur Urol Rev 2011; 6(1):49-55. 

Kafetsoulis A, Brackett NL, Ibrahim E, Attia GR, Lynne CM. Current trends 
in the treatment of infertility in men with spinal cord injury. Fertil 
Steril 2006; 86(4):781-9. 

National Spinal Cord Injury Statistical Center. Spinal cord injury facts and 
figures at a glance. J Spinal Cord Med 2010; 33:439-440. 

Sonksen J. Assisted ejaculation and semen characteristics in spinal cord 
injured males. Scand J Urol Nephrol Supp! 2003; (213):1-31. 

Sonksen J, Biering-Sorensen F, Kristensen JK. Ejaculation induced by penile 
vibratory stimulation in men with spinal cord injuries. The importance 
of the vibratory amplitude. Paraplegia 1994; 32(10):651-60. 

Sonksen J, Fode M, Lochner-Ernst D, Ohl DA. Vibratory ejaculation in 
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Sonksen J, Ohl DA, Wedemeyer G. Sphincteric effects during penile 
vibratory ejaculation and electroejaculation in men with spinal cord 
injuries. J Urol 2001; 165:426-9. 


References 


1. Brackett NL, Ibrahim F, Iremashvili V, Aballa TC, Lynne CM. 
Treatment for ejaculatory dysfunction in men with spinal cord 
injury: an 18-year single center experience. J Urol 2010; 183(6):2304-8. 

2. Ohl DA, Menge AC, Jarow JP. Seminal vesicle aspiration in spinal 
cord injured men: insight into poor sperm quality. J Urol 1999; 
162(6):2048-51. 

3. Brackett NL, Davi RC, Padron OF, Lynne CM. Seminal plasma of 
spinal cord injured men inhibits sperm motility of normal men. J Urol 
1996; 155(5):1632-5. 

4. Brackett NL, Lynne CM, Aballa TC, Ferrell SM. Sperm motility from 
the vas deferens of spinal cord injured men is higher than from the 
ejaculate. J Urol 2000; 164(3 Pt 1):712-5. 

5. Basu S, Lynne CM, Ruiz P, Aballa TC, Ferrell SM, Brackett NL. 
Cytofluorographic identification of activated T-cell subpopulations in 
the semen of men with spinal cord injuries. J Androl 2002; 23(4):551-6. 

6. Aird IA, Vince GS, Bates MD, Johnson PM, Lewis-Jones ID. 
Leukocytes in semen from men with spinal cord injuries. Fertil Steril 
1999; 72(1):97-103. 

7. Trabulsi EJ, Shupp-Byrne D, Sedor J, Hirsch IH. Leukocyte subtypes 
in electroejaculates of spinal cord injured men. Arch Phys Med Rehabil 
2002; 83(1):31-4. 

8. Basu S, Aballa TC, Ferrell SM, Lynne CM, Brackett NL. Inflammatory 
cytokine concentrations are elevated in seminal plasma of men with 
spinal cord injuries. J Androl 2004; 25(2):250-4. 

9. Cohen DR, Basu S, Randall JM, Aballa TC, Lynne CM, Brackett 
NL. Sperm motility in men with spinal cord injuries is enhanced 
by inactivating cytokines in the seminal plasma. J Androl 2004; 
25(6):922-5. 

10. Brackett NL, Cohen DR, Ibrahim E, Aballa TC, Lynne CM. 
Neutralization of cytokine activity at the receptor level improves 
sperm otility in men with spinal cord injuries. J Androl 2007; 
28(5):717-21, 

11. Sonksen J, Biering-Sorensen F, Kristensen JK. Ejaculation induced 
by penile vibratory stimulation in men with spinal cord injuries. The 
importance of the vibratory amplitude. Paraplegia 1994; 32(10):651-60. 

12. Kafetsoulis A, Brackett NL, Ibrahim E, Attia GR, Lynne CM. Current 
trends in the treatment of infertility in men with spinal cord injury. 
Fertil Steril 2006; 86(4):781-9. 

13. Sonksen J. Assisted ejaculation and semen characteristics in spinal cord 
injured males. Scand J Urol Nephrol Supp! 2003; (213):1-31. 


14. 


15. 


16. 


17. 


18. 


CHAPTER 7.5 THE MANAGEMENT OF FERTILITY IN SPINAL CORD INJURY 


Brackett NL, Kafetsoulis A, Ibrahim E, Aballa TC, Lynne CM. 
Application of 2 vibrators salvages ejaculatory failures to 1 vibrator 
during penile vibratory stimulation in men with spinal cord injuries. 

J Urol 2007; 177(2):660-3. 

Ekland MB, Krassioukov AV, McBride KE, Elliott SL. Incidence of 
autonomic dysreflexia and silent autonomic dysreflexia in men with 
spinal cord injury undergoing sperm retrieval: implications for clinical 
practice. J Spinal Cord Med 2008; 31(1):33-9. 

Steinberger RE, Ohl DA, Bennett CJ, McCabe M, Wang SC. Nifedipine 
pretreatment for autonomic dysreflexia during electroejaculation. 
Urology 1990; 36(3):228-31. 

Brindley GS. Electroejaculation: its technique, neurological 
implications and uses. J Neurol Neurosurg Psychiatry 1981; 44(1):9-18. 
Brackett NL, Ead DN, Aballa TC, Ferrell SM, Lynne CM. 

Semen retrieval in men with spinal cord injury is improved by 


19. 


20. 


21. 


22, 


interrupting current delivery during electroejaculation. J Urol 2002; 
167(1):201-3. 

Perkash I, Martin DE, Warner H, Blank MS, Collins DC. Reproductive 
biology of paraplegics: results of semen collection, testicular biopsy and 
serum hormone evaluation. J Urol 1985; 134(2):284-8. 

Sarkarati M, Rossier AB, Fam BA. Experience in vibratory and electro- 
ejaculation techniques in spinal cord injury patients: a preliminary 
report. J Urol 1987; 138(1):59-62. 

Ohl DA, Sonksen J, Menge AC, McCabe M, Keller LM. 
Electroejaculation versus vibratory stimulation in spinal cord 

injured men: sperm quality and patient preference. J Urol 1997; 
157(6):2147-9. 

Sonksen J, Fode M, Lochner-Ernst D, Ohl DA. Vibratory ejaculation in 
140 spinal cord injured men and home insemination of their partners. 
Spinal Cord 2012; 50(1):63-6. 


859 


CHAPTER 7.6 


Mechanism of penile erection 


Selim Cellek 


Anatomy of the penis 


The penis is composed of three cylindrical masses of cavernous tis- 
sue bound together by fibrous tissue (Buck’s fascia) and covered with 
skin. The lateral two masses are known as the corpus cavernosum; 
the third is median and is termed the corpus spongiosum (Fig. 7.6.1). 
The corpus cavernosum is surrounded by a thick fibrous envelope 
called the tunica albuginea. The urethra is located within the cor- 
pus spongiosum, which is surrounded by a thinner and more elastic 
fibrous layer than the tunica albuginea of the corpus cavernosum (Fig. 
7.6.1). The blood supply to the penile skin and corpus cavernosum is 
via external and internal pudendal arteries respectively. The internal 
pudendal artery exits Alcock’s canal, and after giving off branches to 
the scrotum and the bulb becomes the common penile artery. This 
divides into the dorsal artery which supplies the glans, and the cav- 
ernosal artery which goes through the tunica albuginea at the hilum 
of the penis; then runs distally in the centre of each corpus while 
giving off numerous helicine branches. These corkscrew-shaped 
muscular vessels open directly into the lacunar spaces in the corpus 
cavernosum (Fig. 7.6.1). The venous drainage is via the superficial, 
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intermediate, and deep venous systems. The superficial system, 
which lies above Buck’s fascia, allows blood from multiple superficial 
veins primarily of the skin to drain into the superficial dorsal vein, 
which itself drains into the external branch of the internal saphenous 
vein. The intermediate venous system lies beneath Buck’s fascia and 
comprises the deep dorsal vein and the multiple circumflex veins. 
This system drains blood from the glans, corpus spongiosum, and 
the distal two-thirds of the corpora. The deep dorsal vein runs in 
the groove dorsally between the corpus cavernosum (Fig. 7.6.1) and 
drains into the dorsal venous complex at the urethroprostatic junc- 
tion. The deep drainage system consists of the cavernosal and crural 
veins. Emissary veins in the proximal third of the penis join to form 
one or two cavernosal veins, which pass between the bulb and crus of 
the penis to drain into the internal pudendal vein.! 


Human sexual cycle 


The classic human sexual cycle consists of four phases: desire, 
arousal, orgasm, and resolution.~4 Erection in man occurs during 
the arousal phase and continues through the orgasm phase until the 
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Fig. 7.6.1 Cross-section anatomy of penis. The penis is composed of three cylindrical masses of cavernous tissue bound together by fibrous tissue and covered with skin. Two of 
the masses are lateral, and are known as the corpus cavernosum; the third is median, and is termed the corpus spongiosum. The location of arteries, veins, and urethra are depicted. 


Reprinted from Greg T MacLennan, Hinman's Atlas of UroSurgical Anatomy, Second Edition, Saunders an imprint of Elsevier, Philadelphia, USA, Copyright © 2012, with permission from Elsevier. 


resolution phase. During the desire and arousal phases, the central 
nervous system receives, processes, and integrates tactile, visual, 
olfactory, and imaginative sexual stimuli. This leads to the activa- 
tion of autonomic and somatic pathways which descend through the 
spinal cord to the peripheral tissues. Activation of the erectogenic 
autonomic pathways causes the relaxation of penile arterial and cav- 
ernosal smooth muscle, causing an increase in blood flow into the 
penis (Fig. 7.6.2). The rise in the blood flow triggers further activa- 
tion of the endothelial cells lining the blood vessels and cavernosal 
sinusoidal spaces, which leads to further relaxation of the under- 
lying smooth muscle (Fig. 7.6.2). Increased inflow due to arterial 
and cavernosal smooth muscle relaxation, decreased outflow due to 
physical compression of subtunical venules, and contraction of stri- 
ated muscles lead to a further increase in intracavernosal pressure 
which reaches above the systemic blood pressure (Fig. 7.6.2); a hall- 
mark of rigid erection." In this chapter, the factors involved in this 
central-peripheral-smooth muscle axis will be introduced and the 
current knowledge around these mechanisms will be summarized. 


Central mechanisms 


Sexual stimuli are received by the brain from all parts of man’s body. 
This information is then processed and integrated in the occipital 
lobe (visual), rhinencephalon (olfactory), thalamus (tactile), and 
limbic system (imaginative), leading to activation of two nuclei in 
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the hypothalamus: the paraventricular nucleus (PVN) and medial 
preoptic area (MPOA).° These two nuclei send projections to auto- 
nomic and spinal centres regulating the peripheral events leading 
to erection. Within the PVN and MPOA, several neurotransmit- 
ters/neuropeptides such as dopamine, oxytocin, serotonin, adreno- 
corticotrophic hormone (ACTH), alpha-melanocyte stimulating 
hormone (a-MSH), gamma-aminobutyric acid (GABA), noradren- 
aline (NA), excitatory amino acids, opioid peptides, acetylcholine, 
and nitric oxide (NO) have been localized and most have been sug- 
gested to be involved in the central regulation of penile erection.® 
Descending pathways from the brain through the spinal cord are 
both excitatory and inhibitory in nature. It is thought that with- 
out any sexual stimuli there is a continuous inhibitory tone on the 
descending pathways, while the excitatory component is silent. 
This tonic inhibition is lifted, which is called disinhibition, when 
the sexual stimuli increase above a threshold level. This leads to 
increased pro-erectile excitatory descending activity with acti- 
vation of the peripheral autonomic and somatic pathways. The 
nucleus para gigantocellularis (nPGC) of the brain stem is thought 
to be the relay point where this tonic inhibition takes place.” 
Below the brain stem, the descending excitatory path reaches two 
further critical relay points in the spinal cord: the thoracic centre at 
the level of T11-L2 and the sacral centre at the level of S2-S4. These 
two relay points are important in integrating the ascending and 
descending stimuli from and to the periphery and higher central 
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Fig. 7.6.2 Schematic representation of haemodynamic events during erection. During the flaccid state, the cavernosal and arterial smooth is contracted and subtunical 
venules are open. This causes outflow to exceed the inflow. During erection, cavernosal and arterial smooth muscle relaxes, which increases the inflow. Expansion of the 
cavernosal space leads to elongation and obstruction of subtunical venules; this decreases the outflow. 

Reproduced with permission from Carson C, McMahon CJ). Fast Facts: Erectile Dysfunction, 4th edn. Oxford: Health Press Limited, 2008, fastfacts.com 
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Fig. 7.6.3 Central-peripheral-penile axis: the stimuli (visual, olfactory, tactile, 
and imaginary) are received, processed, and integrated by higher centres which 
leads to activation of the paraventricular and medial preoptic nuclei within 

the hypothalamus (A). Activation of hypothalamic nuclei causes activation of 
descending excitatory pathway through the spinal cord, which goes through the 
nucleus paragigantocellularis (B) in the brain stem. The neuronal activation is then 
relayed through the autonomic and somatic descending paths and reaches two 
further critical relay points in the spinal cord: the thoracic centre at the level of 
T11-L2 (C) and the sacral centre at the level of S2-S4 (D). At these points, the 
erectile neuronal paths leave the spinal cord and are relayed to the periphery via 
autonomic and somatic nerves. The autonomic nerves are relayed further at the 
pelvic plexus (E) before reaching the penis via the cavernous nerve. The somatic 
nerve fibres reach the penis directly via the pudendal nerve. 


regions. At these points, the erectile neuronal paths leave the cen- 
tral nervous system and are relayed to the periphery via autonomic 
and somatic nerves (Fig. 7.6.3).%7 

Preganglionic sympathetic neurones and preganglionic parasym- 
pathetic neurones are localized in the thoracic and sacral centres of 
the spinal cord, respectively. Preganglionic fibres reaching the pelvic 
plexus (also known as the inferior hypogastric plexus) synapse with 
postganglionic neurons. It is important to note that neuronal cell 
bodies of the pro-erectile parasympathetic nerve fibres that reach 
the penis via the cavernous nerve are located in the pelvic plexus. 
Postganglionic sympathetic nerve fibres also reach the penis via the 
cavernous nerve. The cavernous nerve therefore carries both pro- 
erectile parasympathetic and anti-erectile sympathetic nerve fibres 
to the penile vasculature and the cavernous body. Sacral motor neu- 
rones send direct projections to the striated ischiocavernosus and 
bulbospongiosus muscles via the pudendal nerve (Fig. 7.6.3).° 


Sympathetic nerve fibres in the penis release low concentra- 
tions of the neurotransmitter NA continuously. NA causes con- 
traction of vascular and cavernosal smooth muscle by activating 
al-adrenoceptors. The tonic release of NA therefore causes a 
heightened smooth muscle tone under normal conditions (i.e. 
without sexual stimuli) keeping the penis flaccid. It should also 
be noted that parasympathetic nerve fibres release small amounts 
of NO during the flaccid phase; it is generally accepted that the 
heightened tone of the penile smooth muscle is the net result of 
a balance between contractile NA and relaxant NO (Fig. 7.6.4).° 
When the autonomic nerves are activated by higher centres as a 
result of sexual stimuli, two key events take place simultaneously: 


(i) NO released from postganglionic parasympathetic nerve 
fibres increases significantly which causes relaxation of vascu- 
lar and cavernosal smooth muscle. These nerve fibres are also 
known as nitrergic (Fig. 7.6.4) because of their expression of 
neuronal NO synthase (nNOS), which synthesizes NO.8 


(ii) Acetylcholine released from parasympathetic nerve fibres 
simultaneously with NO inhibits the release of NA from sym- 
pathetic nerve fibres.®10 


This initial relaxation as a result of increased vasorelaxant NO 
and decreased vasoconstrictor NA leads to an increase in blood 
inflow into the cavernosal space. Increased blood flow generates 
increased shear stress on the endothelial cells lining the blood 
vessels and cavernosal sinusoids. Shear stress causes activation of 
endothelial NO synthase (eNOS) in the endothelial cells!! which 
synthesizes further NO. At this point the NO concentrations reach- 
ing the penile smooth muscle rise to a peak level due to the contri- 
bution of its synthesis by both nNOS in the parasympathetic nerves 
and eNOS in the endothelium (Fig. 7.6.4). Other neurotransmit- 
ters and factors such as acetylcholine, vasoactive intestinal peptide 
(VIP), endothelium-derived hyperpolarizing factor (EDHF), pros- 
taglandins, angiotensin, and endothelin have also been suggested to 
be involved in regulation of penile smooth muscle tone.’ 


Smooth muscle 


As mentioned above, in the flaccid state, vascular, and cavern- 
osal smooth muscle tone in the penis is elevated by continuous 
release of NA from sympathetic nerve fibres. NA causes smooth 
muscle contraction primarily by eliciting a release of calcium from 
intracellular stores into the cytoplasm secondary to activation of 
a-adrenoceptors (Fig. 7.6.4). Elevated intracellular free calcium 
concentrations trigger activation of calcium-calmodulin depend- 
ent myosin light chain kinase (MLCK), which in turn phosphoryl- 
ates the myosin light chain which is essential for smooth muscle 
contraction. During this continuous contractile period, it is gen- 
erally accepted that calcium sensitizing pathways such Rho-kinase 
may also play a role in maintaining the high tone. Calcium sensitiz- 
ing pathways do not require elevated intracellular free calcium lev- 
els to activate MLCK. Once activated via a-adrenoceptors, calcium 
sensitizing pathways can maintain a high, smooth muscle tone for 
prolonged periods.® 

During erection, as the NA concentration reaching the smooth 
muscle decreases, the concentration of NO increases. This causes a 
shift in the smooth muscle from contractile phase to relaxant phase. 
This shift is a result of the combination of decreased activation of 
contractile pathways (i.e. direct activation of MLCK by increased 
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Fig. 7.6.4 Penile erection is governed by a balance between relaxant and contractile mechanisms in the smooth muscle: the cavernosal and vascular smooth muscle 

of the penis receive two opposing signals from endothelial cells and autonomic nerve fibres. The main relaxant mediator nitric oxide (NO) is synthesized by endothelial 
NO synthase (eNOS) in the endothelial cells and by neuronal NO synthase (nNOS) in the parasympathetic nerve fibres. The main contractile mediator noradrenaline 
(NA) is synthesized by tyrosine hydroxylase (TH) and stored in vesicles until its release (depicted as red circles) in the sympathetic nerve fibres. NO diffuses into the 
nearby smooth muscle cell and activates intracellular cytoplasmic soluble guanylate cyclase (sGC). Activation of sGC leads to an increased level of cyclic guanosine 
monophosphate (CGMP) concentrations in the smooth muscle cells. CGMP acts then on several pathways leading to relaxation. CGMP is quickly metabolized to inactive 
5'-GMP by phosphodiesterase type 5 (PDES). NA activates the «1-adrenoceptor («1-AR) on the membrane of the smooth muscle cell, which leads to the contraction. 
For clarity, other relaxant or contractile factors such as vasoactive intestinal peptide, endothelial derived hyperpolarizing factor, and endothelin are not depicted. 


calcium and calcium sensitizing pathways) and increased activa- 
tion of relaxant pathways, which in turn has an inhibitory effect on 
the contractile pathways via different mechanisms. 

The main relaxant mechanism is the activation of soluble gua- 
nylate cyclase (sGC) enzyme by NO. Activation of sGC leads to an 
increased level of cyclic guanosine monophosphate (cGMP) con- 
centrations in the smooth muscle cells (Fig. 7.6.4). cGMP acts then 
on several pathways leading to relaxation. cGMP is quickly metab- 
olized to inactive 5’-GMP by an enzyme called phosphodiesterase 
type 5 (PDE5) in the penile smooth muscle (Fig. 7.6.4).? Inhibition 
of PDES therefore causes an increase in cGMP concentrations in 
the penile smooth muscle, leading to potentiation of NO-driven 
erectile process. 

Relaxation of vascular and cavernosal smooth muscle causes 
an increase in blood flow into the cavernosal space. This leads 
to engorgement of sinusoidal spaces with blood which results in 
reduced outflow due to compression of the subtunical venules. 
This is commonly called the veno-occlusive mechanism. Such an 
increased inflow and decreased outflow causes the intracavernosal 
pressure to reach the level of systemic arterial pressure. The pres- 
sure is further increased when striated muscles such as ischiocaver- 
nosus muscle contract as a results of activation of pudendal nerve 
fibres. 


Conclusions 


A brief summary of the current understanding of mechanisms 
involved in the regulation of penile erection is given. Although the 
main players in this important physiological function such as NO 
and noradrenaline have been identified and characterized, there 
remain several unanswered questions: what are the contribution of 
other factors (e.g. EDHF, VIP) to penile erection in men? Which 
central neurotransmitters are involved in regulation of erectile 
response in men and how are they linked to psychological aspects 
of sexual function? What are the relative contribution of eNOS and 
nNOS? What are the characteristics of a human nitrergic neurone 
(i.e. how does a nitrergic neurone transport nNOS enzyme through 
its axon)? It is hoped that with the help of technological break- 
throughs these questions will be answered in the near future, which 
will eventually lead to better and newer treatment modalities for 
erectile dysfunction. 
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Erectile dysfunction 
Pathophysiology and assessment 


Antonino Sacca and Andrea Salonia 


Introduction to erectile dysfunction 


Erection is a complex neurovascular phenomenon under hormonal 
and psychological control; this includes arterial dilation, trabecular 
smooth muscle relaxation, and activation of the corporeal veno- 
occlusive mechanism. Erectile dysfunction (ED)—defined as the 
persistent inability to attain and maintain an erection sufficient to 
permit satisfactory sexual performance—may occur from multifa- 
ceted, complex mechanisms including disruptions in neural, vascu- 
lar, and hormonal signalling. 

Penile erections are under psychological control and represent 
the result of subsequent complex vascular and neurological phe- 
nomena. Penile erections are normally classified as central, reflexo- 
genic, and nocturnal erections (see Chapter 7.6). 

Abnormalities of erectile function have been traditionally clas- 
sified as neurogenic (failure to initiate), arteriogenic (failure to fill), 
and venogenic (failure to store).! However, the term venogenic ED 
reflects changes in the anatomy and histology of the corpus cav- 
ernosum, with alteration of the cavernous veno-occlusive mech- 
anism. In addition, abnormalities of the sex hormone milieu may 
significantly affect the quality of penile erections, and this aspect 
has attracted much interest with regard to its role in the ageing 
population.? 

This chapter will focus on one area of pathophysiology which 
leads to the development of ED: the ageing process. In addition the 
chapter will describe on the assessment of the patient seeking med- 
ical help for ED. 


Ageing and erectile function impairment 


Data from the European Male Ageing Study (EMAS) in European 
men aged 40-79 years old showed that around 30% of individuals 
reported ED and 6% reported severe orgasmic impairment, both of 
which were closely associated with age and concomitant morbidi- 
ties.’ Interestingly, concern about ED increased with age, peaking 
in the 50-59 years age band, but decreased thereafter.’ 

The process of ageing may affect all the components of the erect- 
ile process, including nerves, arteries, veins, cavernous tissue, and 
hormones. However, evidence in the literature of ageing-induced 
damage to these structures has certainly been influenced by the 
availability of techniques for identifying certain types of damage, 
and this is the reason for a leading role played by vascular and 
endocrine abnormalities affecting the male erectile system. 14-6 The 


process of ageing is multifactorial and depends on several factors, 
including metabolic rate, genetics, lifestyle, and environmental 
conditions.” 

Irrespective of the initiating factor, the ultimate common patho- 
logic process is smooth muscle cell (SMC) damage along with an 
increased penile fibrosis, which may ultimately decrease the vaso- 
dilator response. Age-related smooth muscle dysfunction has long 
been recognized in the respiratory,® gastrointestinal, and cardio- 
vascular!” systems. 

Likewise, ageing may also significantly affect the genitourinary 
tract; in this context, a frequent and co-causal association between 
lower urinary tract symptoms (LUTS) and sexual dysfunction (ie. 
ED and ejaculatory disorders) has been widely observed.!!-!4 

The exact mechanism that links ageing to SMC dysfunction 
within the CC is certainly not unique, and it is not completely 
understood. Normal erectile function is a delicate balance between 
vasoconstrictor and vasorelaxant mediators on corporal smooth 
muscle tone.!!> Endothelium-derived NO and endothelin-1 
(ET-1) have been identified as modulators of erectile func- 
tion. NO is a key regulator of cavernosal smooth muscle relax- 
ation, whereas ET-1, being a potent vasoconstrictor agent, is 
believed to maintain penile flaccidity.4!51° For instance, evi- 
dence suggests that there are age-related changes in the levels of 
these modulators when ED occurs.!7-2° Among others, Garban 
et al.'” showed a decreased NO synthase (NOS) activity and a 
reduction in NOS-containing nerve fibres within the corpus 
cavernosum in the penis of ageing male rats. Rajasekaran et al. 
reported age-related impairments in the expression of NO and 
ET-1 as well as in the production of growth factors, such as trans- 
forming growth factor-B1 (TGF-B1).7! Published reports suggest 
that elevated RhoA/Rho-kinase signalling plays may role in the 
development of ED, and in other disorders of the urogenital tract 
such as benign prostatic hyperplasia, kidney failure, ejaculation dis- 
orders, prostate and bladder cancer initiation, and eventual metas- 
tasis.22?3 Data would suggest that increased RhoA/Rho-kinase 
signalling is a major factor in the pathogenesis of age-associated ED 
and the mechanism involves increased penile smooth muscle con- 
tractility through inhibition of myosin light chain phosphatase. 124 
This pathway involves RhoA, a small monomeric G-protein that 
activates Rho-kinase. Activated Rho-kinase phosphorylates the 
regulatory subunit of smooth muscle myosin phosphatase (SMPP- 
IM). Inhibitory phosphorylation of SMPP-IM leads to the sensi- 
tization of myofilaments to Ca++,?” which translates into smooth 
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muscle contraction. An age-related increase in RhoA expression 
has been documented in rat vascular tissues, and this overexpres- 
sion has been suggested as being responsible for age-associated vas- 
cular disorders.74+° 

Moreover, hypertension, which has been recognized as a well- 
known vascular risk factor for ED,?”-% is also associated with ele- 
vated penile RhoA levels.3! Conversely, inhibition of Rho-kinase 
activity has been found to be beneficial in attenuating the decline in 
erectile function in hypertensive rats.3? In summary, the net result 
of the impairment of erection regulators, such as NO, ET-1, and 
Rho-kinase, is an increased penile smooth muscle tone, which may 
be responsible for the impaired erectile response seen throughout 
the ageing process in animal models. Overall, age-related mor- 
phological and functional changes in terms of smooth muscle and 
collagen content are observed in human corpus cavernosum as a 
possible contributing factor to the development of ED.?334 

A further major mechanism suggested as a potential cause of ED 
is pelvic atherosclerosis.! Atherosclerosis-induced arterial insuff- 
ciency is a common clinical problem in the elderly and remains the 
leading cause of death in the adult population.’ In this context, ED 
has progressively emerged as an important sentinel marker of men’s 
overall health, assuming major relevance exactly in the cardiovas- 
cular field.36-41 This is particularly important in individuals with 
diabetes mellitus.42-4” Overall, ED may be associated with a sig- 
nificantly increased risk of cardiovascular disease (CVD), coronary 
heart disease (CAD), stroke, overall atherosclerotic cardiovascular 
events,“ and all-cause mortality,3°-*! and the increase is probably 
independent of conventional cardiovascular risk factors,” glyco- 
metabolic control, and ED severity.4°44 

In pathophysiological terms, using animal models mimicking 
pelvic ischaemia and hypercholesterolemia, Azadzoi et al. demon- 
strated similar alterations in the smooth muscle cells of the detrusor 
and of the corpora, as result of pelvic atherosclerosis. Chronic 
ischaemia resulted in fibrosis, smooth muscle atrophy, and non- 
compliance of the bladder.*? Chronic ischaemia is also involved in 
the deterioration of cavernosal smooth muscle and in the devel- 
opment of corporeal fibrosis, which in turn may lead to ED.5%5! 
Moreover, pelvic atherosclerosis may damage the pudendal-cavern- 
ous-helicine arterial tree.”? In the early stages of atherosclerosis this 
process results in decreased arterial blood flow to the corpus cavern- 
osum and, as a consequence, leads to ED, while in more advanced 
stages, the erectile tissue loses its capability to produce the quantity 
of NO needed for smooth muscle relaxation, because of the down- 
regulation of the expression of the constitutive NOS. 

Chronic ischaemia is also responsible of the overexpression of 
TGF-61. This protein is a pleotropic cytokine demonstrated to be 
an essential mediator of tissue fibrosis.!°4+°5 Overproduction of 
TGF-B1 decreases the smooth muscle-connective tissue ratio by 
inducing the expression of collagen, fibronectin, and proteoglycans 
while inhibiting the growth of smooth muscle cells and the activity 
of collagenase.5°-58 

Oxidative stress is another potential factor in the pathogenesis 
of ED in the elderly. Oxidative damage to the vasculature caused 
by reactive oxygen species (ROS) plays a fundamental role in 
the natural ageing process.°? The interaction between ROS and 
NO has been indicated as crucial to the development of ED.6%61 
Specifically, NO would seem to interact with superoxide to form 
peroxynitrite, which has been reported to play a central role in 
atherogenesis. In the presence of peroxynitrite, the enzyme 


responsible for inactivating superoxide is inhibited, which in 
turn results in a further increase of peroxynitrite and may drive a 
reduction in the concentration of the available NO.6%63 Moreover, 
peroxynitrite and superoxide increase the incidence of apoptosis 
in the endothelium, leading to a further decrease in available NO. 
Finally, the reduction in NO concentration increases the adhesion 
of platelets and leukocytes to the endothelial cells, which react 
with a vasoconstriction stimulus mediated by thromboxane A2 
and leukotrienes.® Because the reduced availability of NO and 
long-term endothelial damage are the two most important causes 
of ED, the role of oxidative stress in the corpora cavernosa is a 
critical determinant in the pathophysiology of ED. Endothelial 
dysfunction represents the first step in the pathophysiology of 
ED and can anticipate a major peripheral vascular problem.64-66 
Overall, endothelial dysfunction can be defined as an abnormal 
endothelial response that reduces the bioavailability of NO and 
impairs vasodilation. 

Late-onset hypogonadism in the general male population can 
be defined by the presence of at least three sexual symptoms (i.e. 
decreased frequency of morning erections, ED, decreased frequency 
of sexual thoughts) associated with a total testosterone level of less 
than 11 nmol per litre (320 ng per dL) and a free testosterone (T) 
level of less than 220 pmol per litre (64 pg per mL).°” The import- 
ance of an age-related reduction in the circulating testosterone in 
men remains clinically controversial.®” In this context, hypogonad- 
ism is certainly a common condition which occurs more frequently 
in older men. It is characterized by low testosterone and is associ- 
ated with symptoms which are often non-specific. A key symptom 
is low libido, but it can also be associated with ED, reduced mus- 
cle mass and strength, increased body fat, reduced bone mineral 
density and osteoporosis, reduced vitality, and depressed mood. 
Moreover, hypogonadism is linked with a variety of co-morbid 
conditions including the metabolic syndrome, diabetes, obesity, 
and osteoporosis.*>68-70 


Erectile dysfunction assessment 


An accurate diagnosis of ED represents a significant opportunity 
not only to diagnose the dysfunction per se, and the associated 
aetiological factors, but also to identify co-morbid and potentially 
life-threatening conditions.”!”? Therefore, while maintaining the 
standards of simplicity, diagnosis of ED has to be as detailed as pos- 
sible. This requires a careful medical and sexual history, a compre- 
hensive physical examination, and laboratory testing. Conversely 
any assessment must be tailored to both patient complaints and 
individual risk factors. 


Basic diagnostic assessment of erectile dysfunction 


Medical history 

The work-up for ED diagnosis should start by considering that ED 
shares several common risk factors with CVD.” In this context 
a comprehensive medical history regarding both modifiable (e.g. 
physical exercise, obesity, dyslipidemia, smoking and recreational 
drugs, excessive alcohol intake) and unmodifiable risk factors must 
be taken.”4-7° The latter include diabetes mellitus, hypertension, 
sleep disturbances (e.g. obstructive sleep apnoea syndrome), meta- 
bolic syndrome, late-onset hypogonadism/testosterone deficiency 
syndrome and other hormonal causes of male sexual dysfunc- 
tions.””-84 The work-up should also consider symptoms and signs 
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of either depressions? or anxiety disorders.86-88 Impairment of 
erectile functioning is also frequently co-morbid with either neuro- 
logical disorders (i.e. multiple sclerosis, Parkinson's disease, and 
cerebrovascular disease)*? or psychiatric disorder.”! The history 
should also consider all major pelvic and retroperitoneal surgeries, 
which may also impact on male sexuality. 190 

ED is strongly related with ageing, with a steep incline in preva- 
lence rates in men older than 40 years.8©*! This increase of ED with 
age is also associated with a progressive increase in the prevalence 
LUTS.!*°? whose presence and severity should also be assessed. 

An evaluation of current treatments taken by the patient 
for any reason must complete the medical history. Indeed, a 
detailed knowledge of concurrent therapy including antide- 
pressants, antipsychotics, and antihypertensives (e.g. thiazides, 
B-blockers,®3 nitrates, and nitrate donors, antiandrogens, and so on), 
not only has a role in helping the physician gain a better understand- 
ing of the possible pathophysiological pathways of ED, but it may 
also identify potential drug interaction, such as the potential inter- 
action between PDES inhibitors and nitrate medication. Likewise, 
due to the highly prevalent co-presence of ED and LUTS, a compre- 
hensive collection of information regarding the potential use of any 
a-blockers and 5a-reductase inhibitors should complete the med- 
ical history. 13 


Sexual history 
Sexual history taking is mandatory in each patient complaining of 
any sexual dysfunction/disorder.7!°4 In this context, age, sexual 
orientation, marital status, sexual experience should be always con- 
sidered in order to better understanding individual sexual ecology. 
After having inquired whether or not the patient is sexually active 
and either naive or not for seeking medical help, the basic work-up 
in men with ED should consider onset and duration of the erectile 
problem, along with a detailed investigation about the rigidity and 
duration of nocturnal/morning erections, erogenous erections, and 
erections obtained by self-masturbation, as well.7124 

Diagnosis of congenital or acquired penile curvature (e.g. sec- 
ondary due to Peyronie’s disease) is mainly based on medical and 
sexual histories.’ 


Physical examination 
Physical examination in patients with ED usually does not reveal 
the diagnosis. In this context, according to the Recommendations of 
the International Consultation in Sexual Medicine (ICSM), for the 
Clinical Evaluation of Men and Women with Sexual Dysfunction,” 
physical examination is highly recommended, but not always 
necessary (grade C). Therefore, the aim of physical examination in 
men with ED is to assess genitourinary anatomy, as well as endo- 
crine, vascular, and neurological systems.’!°” Moreover, physical 
examination may reveal important information in patients with 
Peyronie’s plaques or atrophic testicles. Local examination thus 
includes inspection of the penile shaft for size, position of the 
meatus, scars and skin abnormalities, and palpation for fibrous 
plaques. Testicular size and consistency are assessed. Digital rectal 
examination is advisable in patients above 45 years?” of age (above 
50 years according to European Association of Urology (EAU) 
guidelines)”! and in men who might be possible candidates for tes- 
tosterone replacement therapy.” $7 

Moreover, a general examination ideally should include evalu- 
ation of male secondary sex characters, gynaecomastia, pulses, per- 
ipheral sensations, and scars from previous surgeries or trauma. 


Blood pressure and heart rate should be measured, especially if 
they have not been assessed throughout the previous three to six 
months.”! Waist circumference measurement is helpful in counsel- 
ling the patient about the risks related to obesity and the possibility 
of the metabolic syndrome.*! 


Laboratory assessment 

According to the EAU guidelines on male sexual dysfunction, 
laboratory testing must be tailored to the patient’s complaints and 
risk factors.”! Moreover, according to the recommendations of the 
ICSM for the Clinical Evaluation of Men and Women with Sexual 
Dysfunction, it is once again highly recommended, but not always 
necessary (grade C).°© Recommended laboratory tests include 
fasting glucose’! and lipids profile.”! if not assessed throughout 
the previous 12 months. Hormonal tests must include a morning 
sample of total testosterone.’!*38497 Additional laboratory tests 
(e.g. thyroid function, prolactin, luteinizing hormone) may be per- 
formed at the discretion of the physician, based on the medical his- 
tory and clinicians judgement.” 197 


Specialized diagnostic tests 


The vast majority of patients with ED can be adequately managed 
without further diagnostic assessments; conversely, some patients 
may actually benefit from specific diagnostic tests.7! Among them, 
men with primary erectile disorders (neither associated with 
acquired organic disease nor with psychogenic disorder), young 
patients with arteriogenic ED coupled with a history of either pelvic 
or perineal trauma, patients with complex endocrine, psychiatric, 
or psychosexual disorders. Even more important, specific tests 
should be used in men with congenital or acquired penile deformi- 
ties, who may eventually benefit from surgical correction.*” 


Rigiscan® assessment of nocturnal penile 

tumescence and rigidity 

The Rigiscan® device allows assessment of nocturnal penile tumes- 
cence and rigidity. At least two consecutive nights of recording are 
necessary to evaluate nocturnal penile tumescence and rigidity 
recordings.°® Nocturnal penile tumescence and rigidity with at least 
one erectile episode of tip penile rigidity greater than 60% and 10 min- 
utes in duration may be associated with normal erectile function.1>8 


Dynamic duplex ultrasound penile blood flow evaluation 
In-office evaluation of ED by colour duplex Doppler ultrasound 
(CDDU) can help the decision-making process related to choosing 
the most appropriate therapy.’!°? Standardized operating proce- 
dures (SOPs) for CDDU have been recently published.°? Usually, 
CDDU is a dynamic test requiring intracavernosal injection of a 
vasoactive agent performed by an experienced sonographer in a 
physician’s office or by a radiologist in a hospital setting. CDDU will 
assess arterial inflow, venous outflow and may help to understand 
the cause of the patients symptoms. 


Dynamic infusion cavernosometry or cavernosography 

The standard method of diagnosing venous leakage is by dynamic 
infusion cavernosometry and cavernosography (DICC).71°9 
Venous-occlusion dysfunction (VOD) is an organic cause of ED 
and it occurs when an abnormal venous drainage prevents a rigid 
erection in the presence of a normal penile arterial flow. VOD 
can be diagnosed by an abnormal cavernosometry and the site of 
the ‘leakage’ can be assessed through cavernosography.”? DICC is 
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not routinely performed; indeed, it should be performed only in 
patients failing to respond to oral/local therapy and who may be 
considered for vascular reconstructive surgery.”! 


Internal pudendal arteriography 

Arteriography is the most invasive diagnostic test for vasculogenic 
ED. It should be only considered in highly selected cases of young 
men with decreased cavernosal arterial inflow by CDDU and a his- 
tory of pelvic or perineal trauma,’!° where arteriography may 
highlight a discrete focus of arterial occlusion which may be cor- 
rected with microvascular surgery. Conversely, pudendal angiog- 
raphy, in conjunction with microembolization, is first-line therapy 
for high-flow/traumatic priapism. 100 


Conclusions 


Overall, ED is age-linked and may be considered a reliable proxy 
of male general health status. In this context, it seems reasonable 
to suppose that, throughout the ageing process, erectile function 
impairment may be mostly considered as the result of athero- 
sclerosis-induced cavernosal ischaemia, which ultimately leads 
to both cavernosal fibrosis and to veno-occlusive dysfunction. 
Abnormalities in circulating levels of hormones controlling sexual 
organs—mainly testosterone—most probably play a significant role 
in some patients. In practical terms, these findings prompt us to 
further outline the importance of taking a comprehensive medical 
and sexual history and performing a focussed physical examination 
in all men with ED. Laboratory tests should be also considered in 
the minimal work-up for ED, whereas specialised diagnostic tests 
should be only dedicated to selected patients. 
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CHAPTER 7.8 


Erectile dysfunction 
Medical therapy 


Hartmut Porst 


Introduction to medical therapy 


Many studies are witnessing that male sexual health is not main- 
tained in many elderly men, a process which usually starts in the 
fifth decade and progressively increases in the aged population. 
This statement applies for all male sexual functions but especially 
for erectile function as has been shown in a Norwegian epidemio- 
logic study.! Together with premature ejaculation (PE), erectile 
dysfunction is the most frequently reported male sexual disorder 
but shows in contrast to PE a clear age dependency, with a steep 
increase beyond the fifth decade. Whereas in age groups <50 years 
the prevalence rates for erectile dysfunction (ED) range between 
9% and 39% and are <20% in most series, they increase to between 
40-80% in the elderly population >70 years of age depending on 
the populations investigated.” 


Management of risk factors to improve 
erectile dysfunction 


In patients >40 years of age, ED is significantly associated with car- 
diovascular risk factors such as diabetes, hypertension, coronary 
artery disease (CAD), dyslipidemia, atherosclerosis, and metabolic 
syndrome. There is a strong correlation between ED and coronary 
artery disease.’ In a recently published meta-analysis reviewing 12 
prospective cohort studies with a total of 36,744 participants, the 
overall combined relative risks for men with ED compared with 
the reference group were 1.48 (95% confidence interval [CI]: 1.25- 
1.74) for CVD, 1.46 (95% CI: 1.31-1.63) for coronary heart disease, 
1.35 (95% CI: 1.19-1.54) for stroke, and 1.19 (95% CI: 1.05-1.34) 
for all-cause mortality.‘ In addition, many epidemiological studies 
have provided evidence that ED is also closely linked to benign 
prostate hyperplasia (BPH) and that men suffering from lower 
urinary tract symptoms (LUTS) due to BPH have a 60-80% like- 
lihood of suffering from simultaneous ED.° It has been shown by 
several studies that changes in lifestyle with giving up sedentary 
lifestyle and resuming regular physical activities, good control of 
diabetes with glycosylated haemoglobin values <7%, and changes 
of certain medications in the treatment of BPH, hypertension, and 
depression are able to improve erectile function per se or can add, 
respectively, to the efficacy of ED specific medications. Last, but 
not least, several studies provided evidence that untreated hypo- 
gonadism may cause per se sexual dysfunctions such as ED, loss 
of libido and ejaculatory problems, or can contribute to poor or 
non-responsiveness to ED-specific medications, especially to PDE 
5 inhibitors.® 


The respective threshold levels below which sexual symptoms 
become evident are about 15 nmol/l (432 ng/dl) for libido and 
8-10.4 nmol/l (230-300 ng/dl) for ED. In any case, T-replace- 
ment therapy in hypogonadal men with sexual disorders should 
be started first, followed by specific ED medications such as PDE5 
inhibitors if T-replacement alone fails. 


Medical treatment of erectile dysfunction 
Oral drug therapy of erectile dysfunction 


Phosphodiesterase (PDE)-5 inhibitors 

PDES inhibitors are recommended in the guidelines of the world 
leading medical societies as first line therapy of ED.”® PDES inhibi- 
tors inhibit the enzyme PDE5 competitively, thereby preventing the 
breakdown of its physiological target substance 3'5’-cGMP (cyclo- 
guanosine monophosphate). This mechanism of action results in an 
increase of the intracellular cGMP concentrations finally reaching 
the threshold level above which erection is triggered by a complex 
cascade of physiological actions (Fig. 7.8.1).The phosphodiesterase 
5 enzyme is found in high concentrations in the entire urogenital 
system and especially in the cavernous bodies, as well as in lower 
concentrations in the vascular and gastrointestinal system. 

Erection is initated in the cerebral sex centres by erotic stimuli, 
resulting in the release of erection stimulatory neurotransmitters 
such as dopamine, oxytocin and melanocortins (alpha-MSH). The 
erectile stimuli travel along oxytocinergic nerve fibres in the spi- 
nal cord to the spinal cord erection centres, which they leave at the 
level of S2-4 (called nervi erigentes) to join the inferior hypogastric 
plexus, before passing in the cavernous nerves that enter the cav- 
ernous bodies below the pelvic floor. The parasympathetic nerve 
fibres of the cavernous bodies finally lead into either cholinergic 
nerve terminals releasing ACH or in non-adrenergic, non-cholin- 
ergic (NANC) also called peptidergic nerve terminals, releasing 
either nitric oxide (NO) or vasoactive intestinal polypeptide (VIP). 
The NO release results in an activation of the enzyme guanylate 
cyclase which converts GTP to 3'5’-cGMP, the most important 
neurotransmitter for erection in the cavernous bodies. 

A further natural pathway for triggering an erection is the release 
of VIP from NANC nerve terminals resulting in the activation of 
the adenylate cyclase and production of 3’5’-cAMP. Both cGMP 
and cAMP induce relaxation of the cavernosal smooth muscle cells, 
resulting in an increase of arterial inflow and decrease in venous 
outflow thereby causing penile tumescence and erection. 
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Fig. 7.8.1 Erectile circle and the mechanism of PDES inhibitors. 
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ATP 3'5'-cAMP 


Whereas PDES inhibitors act through the cGMP pathway, prostaglandin E1 (alpostradil) and VIP act through the cAMP pathway. 

ACH = acetylcholine; ACTH = adrenocorticotropic hormone; ATP = adenosine triphosphate; 3'S'-cAMP = cyclic adenosine monophosphate; 3’5’-cGMP = cyclic 
guanosine monophosphate; eNOS = endothelial nitric oxide synthase; GTP = guanosine triphphosphate; MSH = melanocyte-stimulating hormone; NANC = non- 
adrenergic, non-cholinergic; NE = noradrenaline; NO = nitric oxide; VIP = vasoactive intestinal polypeptide 

Reproduced from Porst H, ‘Oral pharmacotherapy of erectile dysfunction’ pp. 75-93, in Porst H, and Buvat J (Eds.), Standard Practice in Sexual Medicine, Blackwell Publishing, Malden, MA, USA, 


Copyright © 2006, with permission from John Wiley & Sons, Inc. 


Because both psychogenic ED, characterized by an increase of 
the sympathetic tone, and organic ED, characterized by a variety 
of negative mechanisms on erection, always result in a decrese of 
cGMP, PDES inhibitors show impressive efficacy rates (60-80%) 
in both aetiologic scenarios. 

Usually PDE5 inhibitors are taken as needed (i.e. about one 
hour prior to sexual engagement). In general, all marketed PDE 
5 inhibitors show a comparable efficacy with succesfully com- 
pleted intercourse rates of between 60% and 75% depending 
on the underlying ED aetiology but discriminate themselves in 
terms of their pharmacokinetic profile with avanafil (Stendra’/ 
Spedra) showing the shortest T),,, and therefore the fastest 
onset of action and tadalafil (Cialis®) showing the longest T,/, 
with about 17 hours resulting in the longest period of efficacy 


among all PDE5 inhibitors. Several onset and duration of action 
studies have generated the following pharmacokinetic data as 
illustrated in Tables 7.8.1 and 7.8.2. 

The efficacy of all PDE5 inhibitors can substantially be impaired 
by the following factors: 


(i) Inadequate sexual stimulation 


(ii) Inadequate timing between drug intake and sexual activities 
(see pharmacokinetics) 


(iii) Intake of a fatty meal (impacts both efficacy and onset of 
action of avanafil, sidenafil, and vardenafil) 


(iv) Neuropathy/damage of the autonomic parasympathetic penile 
nerve supply (i.e. in diabetes, alcohol abuse, pelvic surgery 
with injury of the cavernous nerves) 


Table 7.8.1 Pharmacokinetics of the three PDES inhibitors sildenafil, tadalafil, and vardenafil (Cialis®, Levitra®, and Viagra® labels) 


Drug Tmax (min) Onset of action (min) Ty) (h) Duration of efficacy h Cmax g/mL 
earliest >50% pt. response (% successful coitus) 

Sildenafil 100 mg 70 (30-120) 14 20 3.82 + 0,84 8 (85%) 327 + 236 

Tadalafil 20 mg 120 (30-720) 16 30 17.5 36 (59% and 62%) 378 

Vardenafil 20 mg 40 (15-180) i 25 3.94 + 1.31 8 + 2 (69%) 2O9EEN 83 


Reproduced from Porst H et al, ‘SOP conservative (medical and mechanical) treatment of erectile dysfunction’ Journal of Sexual Medicine, Volume 10, Issue 1, pp. 130-171, 
Copyright © 2013 International Society for Sexual Medicine, with permission from John Wiley and Sons. 


Table 7.8.2 Pharmacokinetics of the new PDES inhibitors 


Avanafil'® Mirodenafil'” Lodenafil’® — Udenafil'? 

100 mg 10 mg 160 mg 100 mg 
Tax (h) OEE 1.25 12 1-15 
Tah <15 25 24 11-13 


Reproduced from Porst H et al, ‘SOP conservative (medical and mechanical) treatment of 
erectile dysfunction; Journal of Sexual Medicine, Volume 10, Issue 1, pp. 130-171, Copyright 
© 2013 International Society for Sexual Medicine, with permission from John Wiley 

and Sons. 


(v) Untreated hypogonadism if T-values are <10.4 nmol/L (300 
ng/dl) 


Frequent drug-related side effects of PDE5 include headache in 
between 10% and 15%, flushing in between 5% and 15%, dypep- 
sia in between 4% and 10%, rhinitis (stuffy nose) in between 4% 
and 10%. With sildenafil, temporary colour vision disturbances and 
increased brightness sensitivity was observed in up to 5% and with 
tadalafil back and muscle pain in up to 6%.° 


Daily dosing of tadlafil/udenafil 


Both tadalafil and udenafil show considerably longer half-lives of 
about 17 hours and 13 hours respectively than the other short act- 
ing PDES inhibitors and are therefore suitable for once a day dos- 
ing. With daily application of low doses efficacy rates comparable 
to p.r.n dosing of the maximum dose of either drug were reported 
(see relevant literature®). Tadalafil once a day in the dosages of 
2.5 mg and 5 mg is approved worldwide for the treatment of ED 
and represents an attractive alternative regimen to p.r.n.dosing, 
especially for those patients who are suffering from both, ED and 
LUTS/BPH.7~° 


Yohimbine 


Yohimbine is the main alkaloid from the bark of the tree called 
Coryanthe johimbe K. Schum (yohimbehe tree), particularly 
growing in Central Africa. The main site of action of yohim- 
bine are alpha2-adrenoceptors. Doses range from 5 mg to 15 
mg three times a day.!° Because of its weak efficacy, especially 
in patients with an organic ED aetiology, yohimbine is not 
recommended.”® 


L-Arginine 

L-Arginine, a natural amino acid, is the basic compound for 
the synthesis of NO (see Fig. 7.8.1). Daily doses of beween 3-7 
grammes have shown some efficacy in randomized trials—but the 
drug has never reached a broader market acceptance. In difficult 
to treat patients, L-Arginine may enhance the efficacy of PDE5 
inhibitors. 


Topical alprostadil (syn.PGE,) 


PGE, (Alprostadil) stimulates adenylate cyclase and increases the 
intracellular cAMP concentration thereby facilitating the relaxa- 
tion of the cavernous smooth musculature. With a special topical 
PGE, gel preparation two large randomized placebo-controlled 
double-blind trials with doses of 100, 200 and 300 ug alprostadil 
were conducted in total of 1,732 patients (21% diabetes, 44% 
hypertension, 12% RRP, 21% CAD, 16% nitrate or alpha blocker 
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medication). The mean changes of the IIEF-EF domain scores 
from baseline to end point were -0.7, 1.6, 2.5, and 2.4 points for 
each group, respectively (p <0.001).!! Adverse events were mainly 
temporary and limited locally to the application site with penile 
oedema (1.4%), genital pain (17.5%), penile burning (23%), 
penile erythema (11.3%). Partners complained in 4.4% of vaginal 
burning and in 2.1% of vaginitis. Because of its limited efficacy 
as compared to PDES inhibitors, topical alprostadil is not suited 
as monotherapy for organic ED patients but might be considered 
for combination therapy with PDES inhibitors in difficult to treat 
patient groups. 


Transurethral alprostadil (PGE,) with MUSE® 
(medicated urethral system for erection) 


An alprostadil preparation using a transurethral application 
with a small applicator for single use was introduced in 1994 
and later marketed as MUSE® (medicated urethral system for 
erection).°” Although the transurethral application route is 
preferable to intracavernosal self-injection therapy, the infe- 
rior efficacy data in direct comparative trials with intracav- 
ernously injected alprostadil limits its use as monotherapy for 
those patients who are non-responsive to PDE5 inhibitors. 
MUSE® is applied into the moistened urethra through the 
external orifice directly after emptying the bladder (Fig. 7.8.2). 
Typical frequent side effects are penile/urethral pain between 
25% and 43% and urethral bleeding (around 5%). Infrequent 
adverse events include dizziness because of blood pressure fall 
(1-5%) and even the occurrence of syncope between 0.4% and 
3%. 

The efficacy of MUSE® may be enhanced by simultaneous appli- 
cation of a constriction bandage on the penis base to avoid fast 
venous drainage. 


Intracavernosal self-injection therapy 


The following vasoactive drugs have been used both for diagnostic 
and therapeutic purposes in the management of ED®7: 


PGE1 (prostaglandin E1, syn. alprostadil) (trade names: Caverject®, 
Edex®, Viridal®); 


Papaverine (several generics available worldwide); 


Combination papaverine/phentolamine-bimix (trade name: 
Androskat®: only available in some European countries); 


Trimix (syn. triple drug): mixture of PGE ,/papaverine/phentolamine 
(no commercial product available); 


Combination of vasoactive intestinal polypeptide and phentolamine 
(trade name Invicorp®, only available in Europe on a prescrip- 
tion basis). 


Intracorporeal injection therapy is a second-line therapy in ED for 
those patients who are non- or poorly reponsive to PDES inhibi- 
tors, which is frequently the case in patients with long-term dia- 
betes or patients after pelvic surgery with injury of the cavernous 
nerves. The overwhelming majority of patients conducting self- 
injection therapy uses alprostadil (PGE,) usually in doses between 
5 and 20 ug, which are available in user-friendly dual-chamber 
injection syringes for single use and marketed as Caverject® or 
Edex®/Viridal® in many countries worldwide. Patients have to be 
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MUSE (Medical Urethral System for Erection) 
Single use system for application of Alprostadil into the urethra. 


Fig. 7.8.2 Correct technique of transurethral application of MUSE (medicated urethral system for erection). 
Reproduced from Porst H et al, ‘SOP conservative (medical and mechanical) treatment of erectile dysfunction’, Journal of Sexual Medicine, Volume 10, Issue 1, pp. 130-171, Copyright © 2013 


International Society for Sexual Medicine, with permission from John Wiley and Sons. 


instructed in the correct self-injection technique which usually 
takes about two to three sessions. 

Side effects are either attributed to the mode of application or 
the drug itself. Haematoma/bruising of the penile skin and scar- 
ring of the cavernous tissue with manifestation of Peyronie-like 
indurations with/without penile deviation are relatively frequent 
(see Table 7.8.3). Prolonged erections/priapism mostly occurs 
in the initation phase and are significantly more common with 
papaverine and phentolamine containing preparations (3-10%) 
than with PGE, mono-preparations (<1%). Priapism episodes 
lasting longer than six hours should be treated by intracavern- 
osal injection of a sympathomimetically acting antidote (etile- 
frine, phenylephrine, or adrenaline) alone or by evacuation of the 
entrapped blood through a butterfly cannula depending on the 
duration of priapism. 


Combination therapies 


Combination therapies should considered in those ED patients 
not satisfactorily be served with either monotherapy. This is 
often observed in patients with severe organic ED and espe- 
cially in patients with diabetes or after pelvic surgery. 

In the literature, only two smaller studies were published using a 
combination of sildenafil and MUSE® in non-responders to either 
monotherapy.!*!>According to the author’s personal experience, 
combination therapy of daily dosing tadalafil 5 mg with either 
MUSE® or intracavernous alprostadil (Caverject®, Viridal®) is 
able to rescue a reasonable number of non-responders to PDE5 
inhibitor monotherapy.!* 1° 


Further readings 


Corona G, Maggi M. The role of testosterone in erectile dysfunction. 
Nat Rev Urol 2010; 7:46-56. 


Table 7.8.3 Penile fibroses in prospective long-term intracavernosal self-injection trials with alprostadil (PGE,) 


No. pts. Follow-up (months) Fibrosis total Nodules plaques Deviations Severe fibros. 
Alprostadil st. powder 683 18 7.5% (51) 22 8 21 
(Caverject®-USA) 
Alprostadil st. powder 848 6 4% (34) Not published 
(Caverject®-Europe) Sii 18 5.1% (26) 
Alprostadil Alfadex 162 48 11.7% (19) 10 6 3 


(Viridal®-Europe) 


Reproduced from Porst H et al, ‘SOP conservative (medical and mechanical) treatment of erectile dysfunction’, Journal of Sexual Medicine, Volume 10, 
Issue 1, pp. 130-171, Copyright © 2013 International Society for Sexual Medicine, with permission from John Wiley and Sons. 


Gacci M, Eardley I, Giuliano F, et al. Critical analysis of the relationship 
between sexual dysfunctions and lower urinary tract symptoms due to 
benign prostatic hyperplasia. Eur Urol 2011; 60:809-25. 

Hatzimouratidis K, Amar E, Eardley I, et al. Guidelines on male sexual 
dysfunction: erectile dysfunction and premature ejaculation. 

Eur Urol 2010; 57:804-14. 

Porst H. The rationale for prostaglandin E1 in erectile failure: A survey of 
world-wide experience. J Urol 1996; 155:802-15. 

Porst H, Burnett A, Brock G, et al.; and the ISSM Standards Committee 
for Sexual Medicine. SOP conservative (medical and mechanical) 
treatment of erectile dys-function. J Sex Med 2013; 10:130-71. 

Porst H, Kim ED, Casabé AR, et al.; for the LVHJ study team. Efficacy and 
safety of tadalafil once daily in the treatment of men with lower urinary 
tract symptoms suggestive of benign prostatic hyperplasia: Results of 
an international randomized, double-blind, placebo-controlled trial. 
Eur Urol 2011; 60:1105-13. 

Porst H, Rajfer J, Casabé A, et al. Long-term safety and efficacy of tadalafil 5 
mg dosed once daily in men with erectile dysfunction. J Sex Med 2008; 
5:2160-9. 
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CHAPTER 7.9 


Erectile dysfunction 
Surgical therapy 


Carlo Bettocchi and Marco Spilotros 


Introduction to surgery 
for erectile dysfunction 


Since the introduction of PDE5 inhibitors and PGE, (prostaglan- 
dine E1) the treatment options for erectile dysfunction (ED) have 
radically changed. Furthermore, vacuum device therapy can also 
provide satisfactory results in selected patients. Despite that, a sig- 
nificant patient group does not achieve satisfactory erections and 
the sole available option to treat their condition is represented 
by surgery. In addition, this approach is advocated in those cases 
in which medical treatment is contraindicated, or when ED and 
severe corporal fibrosis with significant curvature of the penis 
coexist. Penile prosthetic surgery is the most common solution to 
restore erectile function in the abovementioned conditions, but 
venous ligation and penile arterial revascularization have some 
value in selected patients. 


Penile prosthesis 


Penile prosthesis implantation is recommended in patients with 
organ failure who do not respond to medical therapy, in case of 
severe corporal fibrosis due to priapism or when both ED and 
Peyronie's disease are diagnosed. There are several devices available 
with different features for the needs of each patient: adequate coun- 
selling before the procedure is mandatory in order to select the best 
option and reduce the postoperative dissatisfaction rate.! 
Hydraulic and malleable penile implants are the most common 
devices used: the former can be three-piece (3P) or two-piece (2P) 
inflatable (Table 7.9.1).2 Three-piece prostheses are characterized 
by two cylinders implanted into the corporas, a pump positioned in 
the scrotum, and a reservoir generally placed in the Retzius space. 
The system is filled with saline or contrast medium and its passage 
between the reservoir and the cylinder activates the pump, which 
produces an artificial erection while detumescence is achieved by 
deflating the cylinders. Two-piece prostheses do not have a sep- 
arate reservoir and the fluid is contained in the bottom of the two 
cylinders and the pump provides the activation and deactivation of 
the device. With malleable prostheses, patients cannot reach pen- 
ile detumescence and the hard rods placed into the corpora can 
be manually positioned upwards or downwards in order to allow 
sexual intercourse or conceal the device, respectively. The main 
difference between inflatable and malleable prostheses lies in the 
aesthetic outcome and ease of use: with the former, the result is 
excellent both during erection and detumescence but requires 


Table 7.9.1 Principle penile prostheses available on the market 


AMS” Coloplast” Other companies 
Malleable Spectra” Genesis” Promedon Tube” 
Silimed® 
Jonas? 
Virilis 1” 
Virilis II” 
Apollo” 
Soft silicone Subrini 
Two-piece Ambicor® 
Three-piece AMS 700 CX" Alpha 1” 
AMS 700 CXR” Titan” 
AMS LGX” Titan narrow 
base” 


reasonable manual dexterity, while the latter are extremely easy 
to use, but the aesthetic appearance is less natural. A third type of 
implant is the Subrini prosthesis, manufactured in soft silicone: 
these devices have been used in the past to restore erectile func- 
tion and in more recent series to prevent penile shortening after 
Peyronie's disease surgical treatment.>4 

Several surgical approaches are described for penile prosthesis 
implantation and are related to the personal experience of the sur- 
geon and to device itself. The incision can be performed at the tip of 
the penile shaft or along it (for a malleable implant) while it can be 
infrapubic or penoscrotal for both malleable and inflatable devices. 
Patient history and examination are mandatory to choose the bet- 
ter option: in case of obesity, the easiest approach is the penoscrotal 
option; while in the case of previous pelvic surgery, the infrapu- 
bic incision or a combined penoscrotal and abdominal one can be 
helpful and safer for the reservoir positioning. ! 

Penile prosthetic surgery has several critical steps." In the peno- 
scrotal approach, the isolation of both corpora and the indentifica- 
tion of the urethra represent the first one: the insertion of a Foley 
catheter at the beginning of the procedure and the use of a Scott 
retractor make the process easier. The site of the bilateral corporo- 
tomies is fundamental in order to bury the tubing: staying sutures, 
generally 2/0 or 0 Vicryl, are positioned in each corpora and the 
incision is performed between them followed by their dilation. 


A preliminary blunt dissection of the erectile tissue with curved 
scissors both distally and proximally is useful prior to dilatation. 
Hegar and Brooks dilators are generally chosen in virgin cases, 
while Rosellos are suggested in case of several corporal fibrosis. At 
the end of this procedure, the simultaneous insertion of dilators in 
both corpora proximally and then distally confirms that both cor- 
pora have the same length and that cross-over between them has 
not occurred. Their exact length is then measured and after care- 
ful washing of the corpora with antibiotic solution, the cylinders 
are positioned and the staying sutures are tightened. For inflatable 
devices, the operation proceeds with the insertion of the pump and 
the reservoir. The pump should not be placed relatively superfi- 
cial position to facilitate easy manipulation. The reservoir can be 
inserted through an infrapubic, abdominal, or penoscrotal incision, 
with the first two approaches recommended in cases of previous 
pelvic and abdominal surgery. Following a penoscrotal incision, a 
hole in the external inguinal ring is performed and the reservoir is 
placed in the Retzius space with the bladder empty. Since the intro- 
duction of the flatter reservoir, both by AMS (American Medical 
Systems, Minnetonka, MN) and Coloplast (Minneapolis, MN), 
there is an increasing trend in positioning them under the rectus 
muscle or even in the subcutaneous tissue in case of patients with a 
plentiful fat pad. The components are then connected and a careful 
haemostasis is performed: a drain can be left in situ for 24 hours 
and then removed with the catheter, with an alternative being a 
compressive bandage around the penile shaft and scrotum. 

As mentioned above, this kind of operation although relatively 
simple can present several complications. Urethral perforation 
can be recognized by bleeding throughout the external meatus. 
Corporal perforation is occasionally seen in fibrotic corporas: in 
cases of proximal perforation, the rear tip extender of the prosthesis 
can be sutured to the corpora to fix the cylinder and thus prevent 
its migration, while distal lesions should be repaired to avoid the 
erosion of the prosthesis. Bladder injuries, can occur but are gener- 
ally rare during the reservoir positioning, but if it occurs prolonged 
catheterization is recommended.® 

Postoperative complications in penile prosthetic surgery can 
occur; however, their rate is low and surgical outcomes are improv- 
ing, thanks to a progressively better experience regarding the tech- 
nique and the enhancements in the prosthesis itself. Infection of 
the device represents the most serious complication of all, and for 
this reason meticulous attention to sterility during the operation 
and an adequate prophylactic antibiotic coverage is important. In 
order to reduce the bacterial colonization of the genital area show- 
ers with antibacterial soap for few days before surgery are recom- 
mended, followed by a prolonged washing with iodine-based soap 
in the operative room prior to surgery.! Furthermore, during the 
procedure it is recommended to irrigate the operative field and par- 
ticularly both corpora before the insertion of the device with anti- 
biotic solution. Antibiotic-soaked swabs should be used to prevent 
the contact between prosthesis and skin. In their 3P implants, AMS 
and Coloplast have introduced an antibiotic coating with minocy- 
cline and rifampicine, and a hydrophilic coating in polyvinylpyr- 
rolidone (PVP), respectively, to further reduce this risk. The AMS 
device does not need to be soaked in an antibiotic solution before its 
insertion, while this is necessary for the Colopast prosthesis. These 
improvements have resulted in a significant decrease in the infec- 
tion rate for virgin implants to 0.68% and 1.06%, respectively, for 
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AMS and Coloplast implants.” In case of infection, the removal 
of the device is mandatory and at the same stage a new one can 
be placed after a salvage washing with antiseptic solutions (iodine, 
peroxide, and antibiotic); excellent results are reported in up to 
84% of cases.°-!! After infection, another common postoperative 
risk is mechanical malfunction such as leakage of liquid from the 
cylinders, cylinder aneurysm, or pump malfunction. Autoinflation 
of the prosthesis can occur following formation of a capsule around 
the pump—but thanks to the introduction of the lock-out valve, 
this event is now observed only in about 1% of cases. 113 

The low complication rate, the reliability of the devices, and 
the high satisfaction rate in patients and partners make penile 
prosthesis a safe and successful option to restore erectile func- 
tion in patients who cannot be treated successfully with medical 
therapy.!4-16 


Penile arterial revascularization 
and venous ligation 


Penile arterial revascularization is a feasible and satisfactory pro- 
cedure in selected patients with arterial insufficiency secondary to 
trauma. Doppler ultrasound and arteriography are mandatory to 
document an arterial insufficiency, a stenosis in the internal puden- 
dal artery, and to exclude a venous leakage. This kind of surgery is 
only suitable for those patients are relatively young, and do not suf- 
fer from vascular disease or diabetes.!”-!8 To restore a satisfactory 
arterial flow in both corpora, the inferior epigastric artery can be 
anastomosed to the dorsal artery or to the deep dorsal vein, with or 
without venous ligation.!°° This approach, which requires experi- 
ence in microsurgery, can provide excellent results if performed in 
the indicated patients although complications such as thrombosis of 
the anastomosis and glans hyperaemia can occur.!!82! Outcomes 
of penile arterial revascularization have been gathered from several 
studies, but randomized controlled trials are not available. Babei et 
al.,2? in a meta-analysis of the relevant publications about this topic 
up to 2008, concluded that this surgery can be successful in the 
long term, particularly for men younger than 30 years, non-smok- 
ers, and without venous leakage. 

A further surgical approach to treat ED in men with congenital 
venous leakage due to large deep and dorsal veins and large crural 
veins is represented by venous ligation.**4 The same procedure 
is not recommended in older patients where the venous leakage 
occurs as a consequence of smooth muscle dysfunction.?3> To 
achieve successful results, the patency of the penile arterial supply 
is mandatory. Cayan et al.?° reported their experience in 26 men 
with primary venous leakage treated with resection of the superfi- 
cial and deep dorsal veins, ligation of the cavernous vein, and cru- 
ras proximal to the entrance of the cavernous artery. After one-year 
follow-up, they reported excellent results and patient satisfaction, 
especially in young patients with normal penile arterial system and 
no risk factors. Rahman et al.?” showed similar results in 11 young 
patients with primary ED for congenital venous leakage. They per- 
formed in these patients a ligation of the two cruras proximally to 
the entrance of the cavernous artery and reported satisfactory and 
durable results after a median follow-up of 34 months. Venous liga- 
tion in young patients without systemic pathological conditions in 
which a congenital venous leakage is documented can provide sat- 
isfactory results even if data based on larger series are necessary. 
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Further reading 
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CHAPTER 7.10 


Ejaculatory disorders 


Chris G. McMahon 


Introduction to ejaculatory disorders 


Ejaculatory dysfunction is one of the most common male sexual dis- 
orders. The spectrum of ejaculatory dysfunction extends from prema- 
ture ejaculation, through delayed ejaculation to a complete inability 
to ejaculate, anejaculation, and also includes retrograde ejaculation. 


The anatomy and physiology 
of the ejaculatory response 


The ejaculatory reflex comprises sensory receptors and areas, affer- 
ent pathways, cerebral sensory areas, cerebral motor centres, spi- 
nal motor centres, and efferent pathways. Neurochemically, this 
reflex involves a complex interplay between central serotonergic 
and dopaminergic neurons, with secondary involvement of cho- 
linergic, adrenergic, oxytocinergic, and gamma aminobutyric acid 
(GABA) neurons. Serotonin, which inhibits emission/ejaculation, 
and dopamine, which promotes seminal emission/ejaculation, have 
emerged as key neurochemical factors.! 


Premature ejaculation 


Premature ejaculation (PE) has been estimated to occur in 4-39% 
of men in the general community?’ and is often reported as the 


100 


most common male sexual disorder. There is, however, a substan- 
tial disparity between the incidence of PE in epidemiological stud- 
ies which rely upon either patient self-report of PE or inconsistent 
and poorly validated definitions of PE,”?!° and that suggested by 
community-based stopwatch studies of the intravaginal ejacula- 
tion latency time (IELT), the time interval between penetration 
and ejaculation.!! The latter demonstrates that the distribution of 
the IELT was positively skewed, with a median IELT of 5.4 min- 
utes (range 0.55-44.1 min), decreased with age and varied between 
countries, and supports the notion that IELTs of less than one 
minute are statistically abnormal compared to men in the general 
Western population (Fig. 7.10.1).4 


Classification of premature ejaculation 


The population of men with PE is not homogenous and comprises 
lifelong (primary) and acquired (secondary) PE!? and has been 
recently expanded to include natural variable PE and premature- 
like ejaculatory dysfunction. 


+ Lifelong PE is characterized by early ejaculation at every or nearly 
every intercourse within 30-60 seconds in the majority of cases 
(80%) or between one to two minutes (20%), with every or 
nearly every sexual partner and from the first sexual encounters 
onwards. 


80 5 


60 5 


40 + 


Number of men 


20 4 


0 200 400 600 800 


T T 
1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400 2,600 2,800 


Mean IELT (second) 


Fig. 7.10.1 Distribution of intravaginal ejaculatory latency times (IELT) values in a random cohort of 491 men. 
Reproduced from Waldinger MD et al, ‘Original Research— Ejaculation Disorders: A Multinational Population Survey of Intravaginal Ejaculation Latency Time’, Journal of Sexual Medicine, Volume 2, 


Issue 2, pp. 492-7, Copyright © 2005 John Wiley and Sons, with permission from John Wiley and Sons. 
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+ Acquired PE differs from lifelong PE, in that sufferers develop 
early ejaculation at some point in their life having previously 
had normal ejaculation experiences. Acquired PE may be due 
to sexual performance anxiety,!4 psychological or relationship 
problems,!4 erectile dysfunction (ED),!° prostatitis,!© hyperthy- 
roidism,!” or during withdrawal/detoxification from prescribed!® 
or recreational drugs.!° 


+ Natural variable PE should be regarded as a normal variation in 
sexual performance, as the IELT is never consistently rapid but 
merely coincidental and situational.?° 


+ Premature-like ejaculatory dysfunction is characterized by a pre- 
occupation with a subjective but false perception of PE by men 
who ejaculate with a normal IELT of three to six minutes. 


Defining premature ejaculation 


The first contemporary multivariate evidence-based definition 
of lifelong PE was developed in 2008 by a panel of international 
experts, convened by the International Society for Sexual Medicine 
(ISSM), who agreed that the diagnostic criteria necessary to define 
PE are: time from penetration to ejaculation; inability to delay 
ejaculation; and negative personal consequences from PE such 
as distress, bother, frustration and/or the development of sexual 
avoidance. This panel defined lifelong PE as a male sexual dys- 
function characterized by ‘ ... ejaculation which always or nearly 
always occurs prior to or within about one minute of vaginal pene- 
tration, the inability to delay ejaculation on all or nearly all vaginal 
penetrations, and the presence of negative personal consequences, 
such as distress, bother, frustration and/or the avoidance of sexual 
intimacy’?! 


The aetiology of premature ejaculation 


Ejaculatory latency time is probably a biological variable, which is 
genetically determined and may differ between populations and 
cultures, ranging from extremely rapid through to average or slow 
ejaculation. The notion that lifelong PE has a genetic basis is sup- 
ported by animal studies showing a subgroup of persistent rapidly 
ejaculating Wistar rats,?? an increased familial occurrence of life- 
long PE,?> a moderate genetic influence on PE in the Finnish twin 
study,”4 and recent report that genetic polymorphism of the 5-HT 
transporter gene determines the regulation of the IELT and that 
men with LL genotypes have statistically shorter IELTs than men 
with SS and SL genotypes.?° 

Anxiety has been reported as a possible cause of acquired PE by 
multiple authors. They have suggested that high levels of sexual 
performance anxiety and excessive and controlling concerns about 
sexual performance and potential sexual failure might distract a 
man from monitoring his level of arousal and recognizing the pro- 
dromal sensations that precede ejaculatory inevitability.2°>! 

Recent data demonstrates that as many as half of subjects with 
ED also experience acquired PE.!>? Subjects with ED may either 
require higher levels of manual stimulation to achieve an erection 
or intentionally ‘rush’ intercourse to prevent early detumescence 
of a partial erection, resulting in ejaculation with a brief latency. 
This may be compounded by the presence of high levels of per- 
formance anxiety related to their ED which serves to only worsen 
their prematurity. 

The majority of patients with thyroid hormone disorders experi- 
ence sexual dysfunction.!”? Studies report a significant correlation 


between acquired PE and suppressed thyroid stimulating hormone 
(TSH) values*? with an acquired PE prevalence of 50% in men 
with hyperthyroidism which fell to 15% after thyroid hormone 
normalization.!” 

Acute and chronic lower urogenital infection, prostatodynia, or 
chronic pelvic pain syndrome (CPPS) is associated with ED, PE, 
and painful ejaculation. Although physical and microbiological 
examination of the prostate in men with painful ejaculation or 
lower urinary tract symptoms (LUTS) is mandatory, there is insuf- 
ficient evidence to support routine screening of men with PE for 
chronic prostatitis. 


Treatment of premature ejaculation 


Premature ejaculation treatment strategies include psychosexual 
counselling, daily or on-demand pharmacotherapy, either alone 
or in combination as part of an integrated treatment programme. 
Figure 7.10.2 is a flow chart for the management of PE. 


Psychosexual counselling 


The cornerstones of behavioural treatment are the Seman’s ‘stop- 
start’ manoeuvre and its modification proposed by Masters and 
Johnson, the squeeze technique. Both are based on the theory 
that PE occurs because the man fails to pay sufficient attention to 
pre-orgasmic levels of sexual tension.*+34 As most men with PE 
are aware of their anxiety and the sources of that anxiety tend to 
be relatively superficial, treatment success with these behavioural 
approaches is relatively good in the short term, but convincing 
long-term treatment outcome data are lacking.*>-*8 

Cognitive behavioural therapy (CBT), especially when combined 
with pharmacotherapy, is an effective intervention for acquired PE 
related to sexual performance anxiety; a substantial proportion of 
men report sustained improvements on ejaculatory latency and 
control following cessation of pharmacotherapy.?°-4! However, 
men with lifelong PE rarely achieve symptomatic improvement 
with CBT alone and are best managed with either pharmacotherapy 
alone or in combination with CBT if there is a significant second- 
ary psychogenic contribution, where cessation of pharmacotherapy 
invariably results in a return to pre-treatment latency and control 
within one to two weeks. 


Pharmacological treatment 


The introduction of the serotonergic tricyclic clomipramine and 
the selective serotonin reuptake inhibitors (SSRIs) paroxetine, ser- 
traline, fluoxetine, citalopram, and fluvoxamine, has revolutionized 
the approach to and treatment of PE. These drugs block axonal 
reuptake of serotonin from the synaptic cleft of central and per- 
ipheral serotonergic neurons by 5-HT transporters, resulting in 
enhanced 5-HT neurotransmission, stimulation of post-synaptic 
membrane 5-HT2C autoreceptors, and ejaculatory delay. 


Daily treatment with selective serotonin reuptake inhibitors 

Daily treatment with paroxetine 10-40 mg, clomipramine 12.5- 
50 mg, sertraline 50-200 mg, fluoxetine 20-40 mg, and citalopram 
20-40 mg are effective, safe, and well-tolerated treatments for PE 
(Table 7.10.1).42-47 Paroxetine exerts the strongest ejaculation delay, 
increasing IELT approximately 8.8-fold over baseline.” Ejaculation 
delay usually occurs within 5-10 days of starting treatment, but the 
full therapeutic effect may require two to three weeks of treatment 
and is usually sustained during long-term use.*! Patient should be 
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PATIENT/PARTNER HISTORY 
+ Establish presenting complaint 
+ Onset and duration of PE 

+ ISSM definition of PE 

+ Psychosocial history 

e Medical history 

+ Physical Examination 
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Fig. 7.10.2 Management algorithm for the office treatment of premature ejaculation. 


e Pharmacotherapy 
e SSRI agents 
e Topical anaesthetics 
e Second line 
+ Behavioural therapy 
e Stop/start 
e Squeeze technique 
+ Sensate focus 
+ Relationship 
Counselling 
OR 
Combination 
treatment 


Reproduced from David Rowland et al, ‘Disorders of Orgasm and Ejaculation in Men’, Journal of Sexual Medicine, Volume 7, Issue 4, Part 2, pp. 1668-86, Copyright © International Society for Sexual 


Medicine 2010, with permission from John Wiley and Sons. 


reviewed after four weeks of treatment and dose titrated accord- 
ing to response and tolerability. Although tachyphylaxis is uncom- 
mon, some patients report a reduced response after 6-12 months 
of treatment. 


On-demand treatment with selective serotonin 

reuptake inhibitors 

Administration of clomipramine and to a lesser extent, paroxetine, 
sertraline and fluoxetine four to six hours before intercourse is mod- 
estly efficacious and well tolerated but is associated with substan- 
tially less ejaculatory delay than daily treatment (Table 7.10.1).48->! 
On-demand treatment may be used following an initial four to 
eight week trial of daily treatment or combined with concomitant 
low dose daily treatment.*8->° 


On-demand treatment with dapoxetine 
Dapoxetine (30 mg, 60 mg) is an SSRI, specifically developed for 
the treatment of PE. It is rapidly absorbed and has a brief plasma 


half-life of 0.5-0.8 hours with minimal plasma accumulation, sug- 
gesting a role as an on-demand treatment for PE. 

The dapoxetine clinical trial programme includes more than 
7,400 men and demonstrates superiority to placebo, with a dose- 
dependent fold increase in mean IELT of 2.5-3.0 over baseline, 
substantial improvements in ejaculatory control, patient and part- 
ner sexual satisfaction, and reductions in personal, partner, and 
relationship distress.°? 


On-demand treatment with tramadol 

Tramadol is a centrally acting synthetic opioid analgesic with an 
unclear mode of action. The only double-blind well-designed 
study demonstrates a superiority to placebo, but a mediocre 
fold increase in IELT of 2.49, consistent with the weak serotonin 
reuptake inhibitor activity of tramadol.” The unclear safety profile 
and the potential for addiction discourages use of tramadol in PE 
clinical practice. 
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Table 7.10.1 Doses and dosing instructions of drug therapy for premature ejaculation (PE) 
Drug Dose Dosing instructions Indication Comments Level of evidence 
Paroxetine 10-40 mg Once daily Lifelong PE igh 
Acquired PE 
Sertraline 50-200 mg Once daily Lifelong PE igh 
Acquired PE 
Fluoxetine 20-40 mg Once daily Lifelong PE igh 
Acquired PE 
Citalopram 20-40 mg Once daily Lifelong PE igh 
Acquired PE 
Clomipramine — 12.5-50 mg Once daily Lifelong PE igh 
Acquired PE 
12.5-50 mg On demand, 3-4 hours Lifelong PE igh 
prior to intercourse Acauired PE 
Tramadol 25-50 mg On demand, 3-4 hours Lifelong PE Potential risk of opiate Low 
prior to intercourse Acauired PE addiction 
Dapoxetine 30-60 mg On demand, 1-3 hours Lifelong PE Non-approved igh 
prior to intercourse Acquired PE investigational drug 
Topical Patient titrated On demand, 20-30 minutes Lifelong PE igh 
lignocaine/ prior to intercourse Acquired PE 
priliocaine 
Alprostadil 5-20 mcg Patient administered Lifelong PE Risk of priapism and Very low 
intracavernous injection Acquired PE corporal fibrosis 
5 min prior to intercourse 
PDES Sildenafil 25-100 mg On demand, 30-50 minutes Lifelong and acquired PE in men Very low 
inhibitors Tadalafil 10-20 mg prior to intercourse with normal erectile function 
Vardenafil 10-20 mg Lifelong and acquired PE in men Improved efficacy if Moderate 


with ED 


combined with SSRI 


Topical anaesthetics 

The use of topical local anaesthetics, such as lidocaine and/or pri- 
locaine as a cream, gel, or spray is well-established and is mod- 
erately effective in retarding ejaculation. A recent study reported 
that a metered-dose aerosol spray containing a eutectic mixture of 
lidocaine and prilocaine (TEMPE®) produced a 2.4-fold increase 
in baseline IELT and significant improvements in ejaculatory con- 
trol and both patient and partner sexual quality-of-life.>4°° The use 
of topical anaesthetics may be associated with significant penile 
hypoanaesthesia and possible transvaginal absorption, resulting 
in vaginal numbness and consequent female anorgasmia, unless a 
condom is used. 


Phosphodiesterase inhibitors 

Off-label on-demand or daily dosing of PDE5 inhibitors is not rec- 
ommended for the treatment of lifelong PE in men with normal 
erectile function. ED pharmacotherapy alone or in combination 
with PE pharmacotherapy is recommended for the treatment of 
lifelong or acquired PE in men with co-morbid ED. 


Surgery 

Selective dorsal nerve neurotomy or hyaluronic acid gel glans penis 
augmentation is not recommended for the treatment of PE. Surgery 
may be associated with permanent loss of sexual function and is 
contraindicated in the management of PE. 


Delayed ejaculation, anejaculation, 
and anorgasmia 


Any psychological or medical disease or surgical procedure which 
interferes with either central control of ejaculation or the peripheral 
sympathetic nerve supply to the vas and bladder neck, the somatic 
efferent nerve supply to the pelvic floor, or the somatic afferent 
nerve supply to the penis can result in delayed ejaculation, anejacu- 
lation, and anorgasmia. As such, the causes of delayed ejaculation 
and anejaculation are manifold (Table 7.10.2). 


Defining delayed ejaculation/anejaculation 


Delayed ejaculation (DE) (inhibited ejaculation, retarded ejacula- 
tion) and anejaculation are probably the least common, least stud- 
ied, and least understood of the male sexual dysfunctions. Again, 
there are a number of definitions for DE, but the DSM-IV definition 
again uses requirement for a recurrent symptom (delayed or absent 
ejaculation) combined with some degree of personal distress.>© 


Pathophysiology of delayed ejaculation/anejaculation 


A number of pathophysiologies have been associated with ejacula- 
tory problems. These include congenital disorders, as well as ones 
caused by trauma, infection, disease, and treatment for other dis- 
orders (Table 7.10.2). When a medical history or symptomatology 


Table 7.10.2 Causes of delayed ejaculation, anejaculation, and 
anorgasmia 


Ageing male 
psychogenic 


Degeneration of penile afferent nerves causing 
inhibited ejaculation 


Congenital Millerian duct cyst 


Wolfian duct abnormaility 


Prune belly syndrome 


Anatomic causes Transurethral resection of prostate 


Bladder neck incision 


Neurogenic causes Diabetic autonomic neuropathy 


Multiple sclerosis 


Spinal cord injury 


Radical prostatectomy 


Proctocolectomy 


Bilateral sympathectomy 


Abdominal aortic aneurysmectomy 


Para-aortic lympthadenectomy 


Infective Urethritis 
Genitourinary tuberculosis 
Schistosomiasis 
Endocrine ypogonadism 
ypothyroidism 
Medication Alpha-methyl dopa 


hiazide diuretics 


Tricyclic and SSRI antidepressants 


Phenothiazine 


Alcohol abuse 


so indicates, investigation of such possible aetiologies may be 
necessary. 

Delayed ejaculation due to degeneration of psychogenic factors, 
penile afferent nerves, and pacinian corpuscles in the ageing male, 
diabetic autonomic neuropathy, SSRI antidepressants and major 
tranquillizers, radical prostatectomy, or other pelvic surgery are the 
most common causes of DE seen in clinical practice. 

Psychogenic DE is usually related to sexual performance anxiety, 
which may draw the man’s attention away from erotic cues that nor- 
mally serve to enhance arousal. Other psychodynamic explanations 
emphasize psychosexual development issues and have attributed 
lifelong DE to a wide range of conditions, including fear, anxiety, 
hostility, orthodoxy of religious belief, and relationship difficul- 
ties.57°8 Idiosyncratic and vigorous masturbation styles that cannot 
be replicated during intercourse with a partner, or an ‘autosexual’ 
orientation where men derive greater arousal and enjoyment from 
masturbation than from intercourse, are risk factors for DE.°? 
Disparity between the reality of sex with the partner and the sexual 
fantasy used during masturbation may inhibit sexual arousal and 
thus represent another contributor to DE. 
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Delayed ejaculation and anejaculation is commonly seen in men 
with hypothyroidism and occasionally in hypogonadal men. The 
ability to ejaculate may be severely impaired in multiple sclerosis, 
diabetic autonomic neuropathy, and by spinal cord injury (SCI). 


Evaluation of men with delayed 
ejaculation/anejaculation 


Assessment begins by determining whether DE is lifelong or 
acquired, global or situational. Its evaluation includes establish- 
ment of how often a man can ejaculate during intercourse and the 
time elapsed between penetration and ejaculation, the IELT. If ejac- 
ulation fails to occur, the duration of thrusting before suspension 
of intercourse, and the reasons for suspension of intercourse (e.g. 
fatigue, loss of erection, a sense of ejaculatory futility or partner 
request, and whether ejaculation can occur during post-coital self 
or partner-assisted masturbation must be determined) should be 
clarified. 

In men with acquired DE, previous illness, surgery, medications, 
or life events/circumstances should be reviewed. The events may 
include a variety of life stressors and other psychological factors 
(e.g. following his wife’s mastectomy where the man is afraid of 
hurting her and therefore is only partially aroused). Societal and 
religious attitudes that may interfere with excitement are noted, 
such as the ‘spilling of seed as a sin. 

A focused physical and genital examination to determine whether 
the testes and epididymes are normal and whether the vasa are pre- 
sent or absent on each side, supported by a screening morning total 
testosterone level and any other hormonal or imaging investiga- 
tions indicated by either history or physical examination will iden- 
tify or exclude organic disease. The presence of a neuropathy may 
require electrophysiological evaluation of neural pathways con- 
trolling ejaculation, pudendal somatosensory and motor evoked 
potentials, sacral reflex arc testing, and sympathetic skin responses. 

The occurrence of orgasm in the absence of prograde ejaculation 
suggests retrograde ejaculation and can be confirmed by the pres- 
ence of spermatozoa in post-masturbation first-void urine. If the 
aetiology of DE is unclear, culture of expressed prostatic secretion 
and urine, urine cytology, and serum prostate specific antigen will 
exclude prostatitis, bladder, and prostatic cancer. Ultrasound scan 
of the testicles and epididymes may define any local disease. 

Figure 7.10.3 is a flow chart for the management of DE.*! 


Treatment of men with delayed 
ejaculation/anejaculation 


Treatment should be aetiology-specific, address the issue of infer- 
tility in men of a reproductive age, and may include patient/couple 
psychoeducation and/or psychosexual therapy, pharmacotherapy, 
or integrated treatment. Men/partners of reproductive age under- 
going pelvic surgery should be informed of the risk of infertility 
due to anejaculation and the availability of sperm harvesting and 
assisted reproductive techniques. 


Psychological strategies in the treatment of delayed ejaculation 
Numerous psychotherapeutic processes are described for the man- 
agement of delayed or inhibited ejaculation.©*® Among these 
strategies are: (i) sex education; (ii) reduction of goal-focused anxi- 
ety; (iii) increased, more genitally focused stimulation; (iv) patient 
role-playing an exaggerated ejaculatory response on his own and in 
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DELAYED EJACULATION 
ANEJACULATION 
ANORGASMIA 


IS THERE ORGASM? 


Fig. 7.10.3 Management algorithm for the office treatment of delayed ejaculation. 
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Reproduced from David Rowland et al, ‘Disorders of Orgasm and Ejaculation in Men’, Journal of Sexual Medicine, Volume 7, Issue 4, Part 2, pp. 1668-86, Copyright © International Society for Sexual 
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front of his partner; (v) masturbatory retraining; and (vi) realign- 
ment of sexual fantasies and arousal strategies. 

Most current sex therapy approaches to DE emphasize the 
importance of masturbation in the treatment of DE, with most of 
the focus on ‘masturbatory retraining’ integrated into sex therapy. 

An important component in the treatment of any type of DE is 
the removal of the ‘demand’ (and thus anxiety-producing) charac- 
teristics of the situation.® To reduce anxiety, treatment may include 
recognition of DE men’s overeagerness to please their partners, 
validation of (though not necessarily encouragement of) the man’s 
autosexual orientation, removal of stigmas suggesting hostility or 
withholding towards their partner, and general anxiety reduction 
techniques such as relaxation and desensitization. 


Pharmacotherapy in the treatment of delayed ejaculation 

Drug treatment of delayed or inhibited ejaculation has met with 
limited success (Table 7.10.3). These drugs facilitate ejaculation 
by either a central dopaminergic, anti-serotonergic, or oxytocin- 
ergic mechanism of action or a peripheral adrenergic mechanism 
of action. However, no drugs have been approved by regulatory 


agencies for this purpose, and most drugs that have been identi- 
fied for potential use have limited efficacy, impart significant side 
effects, or are yet considered experimental in nature. Results are 
relatively poor in men with psychogenic DE and neuropathic DE. 

Alpha-1 adrenergic receptor agonists such as on-demand pre- 
coital pseudoephedrine (120 mg one to two hours prior to inter- 
course) or the serotonin-noradrenaline reuptake inhibitors (SNRI) 
antidepressant reboxetine (4-8 mg daily) which inhibits synaptic 
noradrenaline reuptake have limited efficacy. The antihistamine 
cyproheptadine, a central serotonin antagonist, is anecdotally asso- 
ciated with the reversal of anorgasmia induced by the SSRI antide- 
pressants, but no controlled studies have been reported.®.® These 
studies suggest an effective dose range of 2-16 mg, with administra- 
tion on a chronic or ‘on demand’ basis. However, significant dose- 
related sedative effects are likely to diminish its overall efficacy. 

Amantadine, an indirect stimulant of dopaminergic nerves both 
centrally and peripherally, has been reported to stimulate sexual 
behaviour and ejaculation in SSRI antidepressant induced anorgas- 
mia when administered on demand (100-200 mg, five to six hours 
before coitus) or chronically (100-200 mg BID).67 


Table 7.10.3 Adjunctive drug therapy for SSRI-induced sexual 
dysfunction 


Drug Dosage 
As needed Daily 
Amantadine 100-400 mg (for two days prior 100-200 mg bid 
to coitus) 
Cabergoline 0.25-0.5 mg every 
3 days 
Pseudoephedrine 60-120 mg (1-2 hrs prior to coitus) 
Reboxetine 4-8 mg 
Oxytocin 24l U intranasal during coitus 
Bupropion 150 mg daily 
or bid 
Buspirone 5-15 mg bid 
Cyproheptadine 4-12 mg (3-4 hrs prior to coitus) 


A variety of other pharmacological agents including bromocrip- 
tine, cabergoline, bupropion, and buspirone have been anecdotally 
reported as potential DE pharmacotherapy, despite an absence of 
large population randomized controlled trials (RCTs). Of interest 
is the recent single case report of the intracoital administration of 
intranasal oxytocin in a case of treatment-resistant anorgasmia.® 
However, in the absence of robust RCT data, oxytocin cannot be 
recommended as a treatment for DE. 


Retrograde ejaculation 


Antegrade (normal) ejaculation requires a closed bladder neck 
(and proximal urethra). Surgical procedures that compromise 
the bladder neck closure mechanism and diabetes mellitus are 
the most common causes of retrograde ejaculation. Transurethral 
incision of the prostate (TUIP) results in retrograde ejaculation 
in 5%®° to 45%” of patients and is probably related to whether 
one or two incisions are made and whether or not the incision 
includes primarily the bladder neck or extends to the level of the 
verumontanum. Transurethral resection of the prostate (TURP) 
carries a higher incidence of retrograde ejaculation than does 
TUIP. The reported incidence of retrograde ejaculation following 
TURP ranges from 42%7! to 100%.”* Retrograde ejaculation and 
failure of emission can be distinguished by examination of a post- 
masturbatory specimen of urine for the presence of spermatozoa 
and fructose. 

Results of surgical treatment of retrograde ejaculation with blad- 
der neck reconstruction remain consistently poor.’ Drug treatment 
is the most promising approach. Several sympathomimetic agents, 
including pseudoephedrine, ephedrine, and phenylpropanolomine 
have been described as useful with mixed results.”4 The most use- 
ful is pseudoephedrine, which is administered at a dose of 120 mg 
2-2.5 hours precoitally. The tricyclic antidepressant, imipramine, 
which blocks the reuptake of noradrenaline by the axon from the 
synaptic cleft, is also occasionally useful.”° The usual dose is 25 mg 
twice daily and long-term treatment is likely to be more effective. In 
patients who do not achieve antegrade ejaculation with surgery or 
medication, sperm retrieval and artificial insemination is an alter- 
native approach. 
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Painful ejaculation 


Painful ejaculation or odynorgasmia is a poorly characterized syn- 
drome. It may be associated with urethritis, benign prostatic hyper- 
trophy (BPH), acute or chronic prostatitis, chronic pelvic pain 
syndrome, seminal vesiculitis, seminal vesicular calculi, or ejacula- 
tory duct obstruction.”®-7? Often, no obvious aetiologic factor can 
be found. Painful ejaculation occurs in 17-23% of men with LUTS/ 
BPH.80-83 Men with BPH and painful ejaculation have more severe 
LUTS and report greater bother. In addition, they report a higher 
incidence of ED and a reduced ejaculation volume, compared to 
neb with LUTS only.§4 Treatment of men with LUTS with alpha- 
blocking drugs may be associated with painful ejaculation. A lower 
incidence of pain has been reported with the uroselective alpha-1 
blocking drug, alfuzosin.*° Management should focus on treatment 
of the underlying cause of symptoms. 
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CHAPTER 7.11 


Priapism 


Asif Muneer and David Ralph 


Priapism—historical background 
and classification 


The ancient Greek god Priapus was thought to be the son of 
Aphrodite and through the jealousy of Hera who cast a spell, Priapus 
was born with an enormous phallus, large hands, and tongue. It is 
from Priapus, the ancient god of fertility and gardening that the 
term priapism has been derived. Priapism is defined as a prolonged 
penile erection which persists in the absence of sexual stimulation 
and despite orgasm. The condition is a rare urological emergency 
with an incidence of 1.5 cases per 100,000 person-years.! The earli- 
est documented account of this disorder is the citation ‘Gonorrhoea, 
Satyriasi et Priapisme’ by Petraeus.” 

Although a complete understanding of the underlying patho- 
physiology of this condition is still far from complete, a renewed 
interest in priapism has emerged over the last two decades. Both 
clinical studies and in vitro work has helped to formulate novel 
theories in order to explain the pathophysiology of the condition 
and develop novel management strategies. There are three main 
subtypes which are differentiated by the development of ischaemia 
within the corpus cavernosum. Ischaemic (low-flow) priapism is 
the commonest subtype, followed by non-ischaemic (high-flow) 
priapism, and then the rarer stuttering (recurrent) priapism. 
Differentiation between these three subtypes depends on the clin- 
ical characteristics and the presence or absence of an ischaemic 
milleu in the corpus cavernosum. 


Pathophysiology of priapism 
Ischaemic (low-flow priapism) 


Ischaemic priapism is the most common and extensively investi- 
gated subtype. The majority of clinical cases are idiopathic; however, 
several aetiological factors have been identified from case reports, 
case series, and anecdotal evidence. The commonest risk factors 
include hypercellular haematological disorders (including sickle 
cell disease), malignancy, neurological conditions, and pharmaco- 
logical agents such as antipsychotics or intracavernosal injections 
used for erectile dysfunction (see Table 7.11.1). In ischaemic pri- 
apism, the underlying factor which results in the development of 
the characteristic clinical picture and its long-term sequelae is stasis 
of deoxygenated blood in a closed compartment, akin to a com- 
partment syndrome. As the duration of the priapism increases, the 
blood within the corpus cavernosum becomes increasingly hypoxic 
and acidotic,* and eventually develops glucopoenia.4 The develop- 
ment and maintenance of this ischaemic extracellular milieu results 
in corpus cavernosum smooth muscle dysfunction, which can 


become irreversible if the ischaemia is not promptly reversed and 
normal cavernosal blood flow resumed.* 

Using electron microscopy, the early histological changes within 
the cavernosal smooth muscle include an increase in size of the peri- 
nuclear cytoplasm, endoplasmic reticulum, ribosomes, and Golgi 
apparatus after approximately 12 hours. Between 24 and 48 hours, 
widespread endothelial destruction and exposure of the basement 
membrane occurs with subsequent thrombocyte adherence. The 
smooth muscle cells also undergo a transformation as described 
above, as well as necrosis, which culminates in a phenotypic change 
into fibroblast-like cells.> Clinically, priapism lasting for more than 
24 hours is associated with the development of some degree of erect- 
ile dysfunction. In cases lasting longer than 72 hours, it is unlikely 
that any long-term erectile function will be maintained. 

The complex regulatory mechanisms involved in achieving a 
penile erection provide several areas in the pathway where dys- 
regulation may occur and lead to a persistent penile erection. 
The precise nature of the initiating mechanism in this condition 
is still unclear; however, it is undoubtedly multifactorial, involving 
central neuronal pathways, alterations in the corpus cavernosum 
microenvironment, modulation of the smooth muscle contractile 
machinery and aberrant neurotransmitter regulation in the corpus 
cavernosum. During the maintenance phase, there is an imbalance 
between the regulatory factors mediating vasorelaxation and vaso- 
constriction pathways in the penis. Although earlier studies sug- 
gested that nitric oxide (NO)-mediated smooth muscle relaxation 
is unlikely to have a role in priapism,° in vivo work utilizing endo- 
thelial NO synthase (eNOS)-negative mutant mice as a model for 
stuttering priapism have proposed that reduced endothelial NO/ 
cyclic guanosine monophosphate (cGMP) production results in 
phosphodiesterase-5 (PDE5) dysregulation with a lowering of the 
PDE5 functional set point. Therefore, when neuronally derived 
NO mediates smooth muscle relaxation, there is insufficient PDE5 
available to degrade it. Combined with the impaired procontractile 
effects of Rho-kinase in the corpus cavernosum, the overall balance 
is towards unregulated smooth muscle relaxation, and hence a per- 
sistent erection.” 


Non-ischaemic (high-flow) priapism 

High-flow priapism is relatively uncommon, and follows blunt 
trauma to the perineum or genitalia (typically after straddle-type 
injuries) where the cavernosal artery is compressed against the 
pubic bone. Patients commonly present after a delay following the 
initial injury with a non-painful persistent erection and this may 
occur several weeks following the initial injury. Analysis of the 
aspirated blood from the corpus cavernosum characteristically 


shows normoxia with a normal blood pH. Provided that the intra- 
cavernosal blood remains normoxic, the corpus cavernosum is 
unlikely to develop irreversible smooth muscle dysfunction. It is 
therefore important to accurately differentiate between the priap- 
ism subtypes so that the correct management can be instituted.8? 


Stuttering (recurrent) priapism 


An estimated 20-25 million individuals are thought to suffer from 
stuttering priapism. Although the exact aetiology is poorly under- 
stood, this condition is common in patients with sickle cell disease, 
although idiopathic stuttering priapism as an entity is now also 
increasingly recognized. Clinically, stuttering priapism character- 
istically occurs nocturnally with intermittent painful erections. 
Erections become painful if the duration of the erection exceeds 
one hour. However, in some individuals the erections become 
painful after a shorter period. In patients with sickle cell disease, 
the erections are associated with the development of ischaemia 
and hence smooth muscle dysfunction may result after several 
short-lived episodes. Very rarely, stuttering priapism may also be 
a manifestation of short-lived high-flow episodes as a fistula may 
intermittently open and spontaneously close.!°1! It is possible that 
stuttering priapism may represent the early phase of a disease con- 
tinuum that culminates in a case of ischaemic priapism which is 
refractory to medical or surgical intervention. 


Management of priapism 


Priapism is an emergency and therefore patients require an urgent 
assessment and treatment, as a diagnostic delay may result in irre- 
versible smooth muscle dysfunction. Provided that the diagnosis 
is established promptly, ischaemic priapism requires urgent inter- 
vention, whereas non-ischaemic priapism can initially be treated 


Table 7.11.1 Common aetiological factors for priapism 


Idiopathic 30% risk 


Haematological Sickle cell disease 


Leukaemia 


Polycythaemia 


Thalassemia 


Fabry’s disease 


Antipsychotics Chlorpromazine 


Clozapine 


Hydralazine 


Prazosin 


Guanethidine 


ee : a 
Intracavernosal injections Papaverine 5% risk 


Prostaglandin E, 1% risk 


Malignancy Metastatic prostate cancer 


Bladder caner 


Neurological Cauda equina 


Spinal stenosis 
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conservatively. Diagnostic uncertainty can result if there have been 
attempted interventions prior to presentation, such as corporal 
blood aspirations or inexperienced radiological evaluation, which 
can incorrectly diagnose a non-ischaemic priapism when the actual 
underlying condition is an ischaemic priapism. However, provided 
that the clinical history, corporal blood aspiration, and radiological 
assessment is all interpreted correctly, there should be no doubt 
with the underlying diagnosis. 


Radiological assessment of patients 
presenting with priapism 


Penile ultrasound with colour Doppler studies provides a conveni- 
ent and relatively easy assessment of the patient presenting with 
priapism. Ischaemic priapism characteristically will show poor per- 
fusion of the cavernosal tissue and in more prolonged cases, distal 
fibrosis is evident. In contrast, non-ischaemic priapism will dem- 
onstrate perfusion throughout the corpus cavernosum, as well as 
the site of the arteriosinusoidal fistula. Where the facility is avail- 
able, penile MRI is useful in imaging cases where there is diagnos- 
tic uncertainty, or in prolonged ischaemic priapism to establish the 
viability of the cavernosal smooth muscle. 


Management of ischaemic priapism 


The initial management of patients with ischaemic priapism 
involves the administration of analgaesia. As the duration of the 
penile erection increases, the corpus cavernosum becomes increas- 
ingly hypoxic and acidotic. This results in painful stimuli via noci- 
ceptors in the penis, and opioid analgaesia is often required.!? 
Once adequate pain relief has been administered to the patient a 
clinical history should establish whether there are any predispos- 
ing medical conditions or risk factors which have resulted in the 
development of the priapism. However, aspiration of stagnant 
blood from the corpus cavernosum normally aids in establishing a 
correct diagnosis. Following a local anaesthetic dorsal penile nerve 
block, a large-gauge needle can be inserted directly into the cor- 
pus cavernosum laterally to avoid the dorsal neurovascular bun- 
dle and urethra. Alternatively, the needle can be inserted directly 
through the glans penis and into the distal corpus cavernosum. 
Aspiration of deoxygenated and viscous blood is characteristic of 
ischaemic priapism. In some instances where the duration of pri- 
apism is short, this diagnostic procedure in itself may resolve the 
problem if veno-occlusion is successfully reversed and reperfusion 
with oxygenated blood allows penile detumescence.!3!4 The aspi- 
rated blood should undergo biochemical analysis in order to cal- 
culate the pO,, pH, and glucose levels. This helps to verify that this 
is indeed an ischaemic priapism. 1-15 Unsuccessful detumescence 
following aspiration of blood from the corpus cavernosum requires 
additional pharmacological and surgical steps. 

The next step involves the instillation of a-adrenergic agonists to 
induce smooth muscle contraction in the corpus cavernosum and 
the helicine arteries. This reduces the volume of stagnated blood 
within the penis and relieves the pressure on the subtunical ven- 
ules and promotes successful detumescence. However, the cavern- 
osal smooth muscle may still fail to contract due to the metabolic 
alterations in the immediate microenvironment of the cavernosal 
smooth muscle. 

The most common agent utilized is the a-adrenergic agonist 
phenylephrine which is injected intracavernosally in aliquots of 
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200-500 ug.!> Careful monitoring of the patient's blood pressure is 
required, as the adrenergic effects of the drug on the systemic circu- 
lation can lead to systemic hypertension particularly with repeated 
doses.!°Alpha agonists attach to the al receptor on smooth mus- 
cle, resulting in an increase in the intracellular IP, levels. The IP, 
attaches to the sarcoplasmic reticulum, which releases Ca?* into 
the sarcoplasm and stimulates myosin light chain kinase resulting 
in smooth muscle contraction (Fig. 7.11.1). Alternative a-adrener- 
gic agents that have successfully been utilized include adrenaline, 
noradrenaline, and metaraminol.!> Oral terbutaline has also been 
reported to be successful,!®!7 although it does have B, agonist 
effects and minor B, activity.!4 Alternative medical treatments such 
as methylene blue and etilefrine have been utilized in patients who 
fail to respond to these measures. 

Methylene blue is a compound with several biological effects. 
It is a well-known inhibitor of soluble guanylate cyclase (sGC).!8 
By inhibiting intracellular sGC and thereby reducing cGMP levels, 
cavernosal smooth muscle tone is increased. The use of methylene 
blue has been limited to anecdotal reports and small case ser- 
ies.!°-2! Etilefrine is an a-adrenergic agonist that has the advantage 
of oral administration as well as intracavernous use. It is success- 
fully utilized in sickle cell patients.??-74 


Surgical management of ischaemic priapism 


The underlying physiological basis for surgical interventions is 
to divert ischaemic blood from the corpus cavernosum into the 
venous system by developing a new channel of blood flow. The 
main surgical procedures that have been utilized are listed in 
Table 7.11.2.256 

The Winter shunt and the Ebbehoj procedure both allow a sim- 
ple way of creating a shunt between the corpus spongiosum and 
the corpus cavernosum. A narrow-blade scalpel is inserted into the 
glans, dorsal to the urethral meatus and into the corpus cavern- 
osum. Multiple incisions are made through the same entry site by 
rotating the scalpel blade by 90 degrees. The overlying glans is then 
closed using sutures. In contrast, Winter’s procedure uses a Tru-cut 
biopsy needle to remove a core of tunica albuginea and therefore 
create fistulous communications. Several attempts may be required 
before detumescence occurs. 


Q, agonist 


Fig. 7.11.1 Intracellular mechanism of alpha agonists to induce smooth muscle 
contraction. 
SR: sarcoplasmic reticulum; MLCK: myosin light chain kinase; PLC: phospholipase C. 


Table 7.11.2 Surgical interventions for ischaemic priapism 


Year Technique 

1964 Quackels procedure 

1964 Grayhack procedure 

1975 Ebbehoj procedure 

1976 Winter shunt 

1976 Barry procedure 

1981 Al Ghorab procedure 

2008 Lue T shunt and tunnelling 


Despite these surgical procedures, over 50% of patients still 
develop erectile dysfunction following successful detumescence 
with the erectile dysfunction rate being even higher when the dur- 
ation of the priapism is longer.!* 

More complex shunt surgery has been attempted with limited suc- 
cess. Proximal shunts can be created between the proximal corpus 
spongiosum and corpus cavernosum by making a small corporotomy 
(called a Grayhack procedure) (Fig. 7.11.2), or between the saphenous 
vein and corpus spongiosum (termed a Quakels procedure) (Fig. 
7.11.3). The success of these procedures is limited in prolonged cases, 
as the blood flow out of the ischaemic compartment is impaired. 

Recently, further modifications of the shunt procedures have been 
described. The T shunt (Fig. 7.11.4) involves inserting a scalpel through 
the glans penis and into the tip of the corpus cavernosum followed 
by a 90-degree rotation of the scalpel. If there is still a failure of detu- 
mescence then the procedure is repeated on the opposite side. Failure 
of this manoeuvre is followed by inserting a small dilator through the 
glans penis and into the corpus cavernosum (known as tunnelling). 

The high incidence of erectile dysfunction following prolonged 
ischaemic priapism episodes is due to the development of fibro- 
sis in the corpus cavernosum. Depending on the amount of viable 
smooth muscle, treatment with PDES inhibitors may be successful 
but failure of pharmacological treatment ultimately requires inser- 
tion of a penile prosthesis. This surgical option provides girth and 
rigidity to allow penetrative intercourse, but the insertion of an 


Fig. 7.11.2 Grayhack procedure. 


Fig. 7.11.3 Quakels procedure. 


implant in a heavily fibrosed corpora is notoriously difficult and is 
associated with complications such as urethral injury, crural per- 
foration, failure to dilate, and prosthetic infection. Although add- 
itional surgical manouvres and special cavernotomes can aid in 
the delayed placement of a penile prosthesis, an alternative option 
is to insert a prosthesis at an earlier stage.?” Ischaemic priapism 
with a prolonged duration and which is refractory to pharma- 
cological or surgical intervention is suitable for immediate pen- 
ile implant placement, provided that there is evidence of smooth 
muscle necrosis within the corpus cavernosum (see Fig. 7.11.5).?8 
The advantage of this early placement is that the penile length is 
maintained and the space in the corpus cavernosum can be created 
without facing extensive fibrosis. Although malleable implants are 
easily inserted, exchange to an inflatable implant can be performed 
at a later date. 


Management of non-ischaemic priapism 


Although patients present with less pain due to the presence of nor- 
moxic blood within the corpus cavernosum, the persisting erection 
can still remain troublesome. Differentiating this condition from 
ischaemic priapism is a priority, and is aided by taking an accur- 
ate and thorough clinical history combined with Doppler studies 
that show an increased arterial blood flow to the penis. The blood 
is well oxygenated and the risk of ischaemic damage with even- 
tual corporal fibrosis and impotence is low. Potency is reported 
to be preserved in 77-86% of patients with long-term follow-up.8 
Arteriography combined with superselective embolization using 
absorbable material (e.g. gelfoam), is the treatment of choice in this 
condition (see Fig. 7.11.6).?° In the presence of fistulae at the base 
of the corpora, duplex ultrasound-guided compression can also 
be successful in reversing the high-flow priapism. Open arterial 
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(B) 


90° 


Fig. 7.11.4 T shunt. A scalpel is inserted through the glans penis (A) and into the 
corpus cavernosum followed by rotation in a direction away from the urethral 
meatus (B). 

Reprinted by permission from Macmillan Publishers Ltd: Nature Reviews Urology, Yun-Ching 
Huang et al, ‘Evaluation and management of priapism: 2009 update’, Volume 6, pp. 262-271, 
Copyright © 2009, Rights Managed by Nature Publishing Group, DOI:10.1038/nrurol.2009.50 


ligation using intraoperative ultrasound techniques has also been 
described." 


Management of stuttering priapism 


Patients with problematic stuttering priapism can be offered oral 
medication, with refractory cases requiring surgical intervention. 
Several oral agents have been used in the past based solely on anec- 
dotal evidence, including digoxin, procyclidine, pseudoephedrine, 
and terbutaline. More recently, 5-alpha reductase inhibitors and keto- 
conazole have also been used in small case series. However, the most 
efficacious treatments involve antiandrogens (cyproterone acetate) or 
lutenizing hormone-releasing hormone (LH-RH) analogues. Recent 
studies have also found that there is a paradoxical effect following the 
long-term administration of a PDE5 inhibitor, in that it can reduce 
the frequency of erections in these patients”? based on studies using 
eNOS knockout mice.” Treatment failures have prompted surgical 
interventions in the form of phenylephrine drug delivery systems, 
which have been successful only in the short term. Ultimately, the 
insertion of a penile prosthesis can overcome problematic erections 
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Fig. 7.11.5 Dilatation of the corpus cavernosum in a case of refractory low-flow 
priapism unresponsive to pharmacological treatment for 72 hours. 


Fig. 7.11.6 Angiography demonstating a fistula causing non-ischaemic priapism. 
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The ageing male 


Geoffrey |. Hackett 


Introduction to the ageing male 


As much of primary care management involves the prevention of 
cardiovascular events, the life expectancy of men has improved con- 
siderably over the last 30 years but life expectancy still lags an average 
of six years behind women in most European countries (Fig. 7.12.1). 

Patients would ideally like to enjoy a higher quality of life in 
these additional years, essentially extending the years of middle life 
rather than senility. Issues such as the prevention of osteoporosis 
or dementia in ageing men become more important as longevity is 
enhanced. These are issues that we rarely discuss with ageing men. 
Under the heading of ‘the ageing male, somewhat different symp- 
toms and complaints are listed by multiple authors.” These include: 


(i) Physical changes, increased visceral and abdominal fat, 
decreased muscle strength, insulin resistance, type 2 diabetes, 
increasing severity of cardiovascular disease 


(ii) Vegetative or somatoform complaints 
(iii) Cognitative complaints; reduced concentration and forgetfulness 


(iv) Affective and mood changes: depression, anxiety, tearfulness, 
irritability, and reduced sexual interest 


(v) Behavioural changes, such as reduction in sexual activity or 
reduced time spent on hobbies once enjoyed 


The contributions of biological and psychosocial determinants of 
age-related complaints remains controversial: similar complaints 
motivating middle-aged men to seek medical or psychological help 
have been interpreted by clinical and developmental psychologists 
as a ‘mid-life crisis. Psychosocial changes and transitions in mid- 
dle-aged men, such as grown-up children leaving home (‘empty 
nest’), unfulfilled life and career aspirations, ill elderly relatives, 
an increase vulnerability to economic changes in the workforce, 
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Fig. 7.12.1 (A) Time trends in life expectancy, by sex, EU27, 2002-2007; and (B) life expectancy from age 60 years, sex and country, latest year. 
Reproduced with permission from European Commission, The State of Men's Health in Europe, Copyright © European Union, 1995-2015, available from http://ec.europa.eu/health/population_ 


groups/docs/men_health_report_en.pdf. Source: data from Eurostat demo_mlexpec 1 2008 except EU27, BE, FR, IT, UK (2007). 


and so on may culminate in significant distress in the age span 
40-60. From this perspective, negative, age-related stereotypes of 
physical and mental stress contribute significantly to distress in 
middle-aged men along with dissatisfaction with their relation- 
ship and work. Age-related resources (experience, reflectiveness, 
caution) are seen as undervalued components of ‘healthy ageing’? 
A major research problem resides in the fact that the definitions 
of the ageing male are based on clinical samples with a lack of sys- 
tematic studies in the ageing community. The MMAS? focused on 
the associations and impact of erectile dysfunction in an ageing 
population. Beutel et al. reviewed? stratified samples of 2,182 men 
in age groups (18-75) and found a continuous increase of physical, 
mental, and general fatigue and a reduction of activity and motiv- 
ation with age. Exhaustion, cardiovascular, and musculoskeletal 
complaints increased, along with reduced health satisfaction and 
increased depression scores. Marked increase of certain com- 
plaints were more specific to certain age groups, dissatisfaction 
with sexuality increased markedly above 60, anxiety was greatest 
at ages 60-70 and then improved. Household income and employ- 
ment were strong associations with anxiety and depression at all 
ages. The lack of a partner was consistently associated with poor 
satisfaction with health, particularly over 60. 

The European report on men’s health (2010)! focused on men’s 
treatment-seeking behaviour at different ages across Europe. Men 
are low attenders at primary and secondary care services below the 
age of 45, but over the age of 75 account for significantly greater 
occupancy of acute hospital beds than women.! Such reports have 
led to greater interest in preventative strategies for men over 40 to 
reduce the huge secondary care burden created by the ageing male 
population. 


Hormones and ageing 


For over 30 years, physicians have been aware of the importance 
of multiple hormonal changes with ageing, including growth hor- 
mone, IGF-1, DHEa-sulphate, thyroxine, and melatonin. Leptin 
and sex hormone-binding globulin (SHBG) levels increase with age 
and oestrogen changes little with age.* 

Testosterone levels fall progressively in men from the age of 30 
by 1% per annum? but few primary care physicians consider meas- 
urement of testosterone in men presenting with symptoms, such as 
tiredness, sweating, poor concentration, altered mood, depression, 
or erectile dysfunction.‘ This is despite evidence-based guidelines 
from urology- and endocrine societies recommending testos- 
terone measurement as best practice in cases of ED and type 2 
diabetes. Androgen therapy has been viewed with suspicion by 
urologists, often perceived as quackery. Others have felt that it is 
inappropriate to interfere with normal ageing processes or that we 
must heed warnings from our enthusiasm for hormone replace- 
ment therapy (HRT) in females. 

Several terms have been used for the condition of androgen defi- 
ciency in ageing males, but late-onset hypogonadism or testoster- 
one deficiency syndrome (TDS) are currently preferred.” The term 
‘andropause’ is not currently fashionable, as it suggests that there is 
a male equivalent to the female menopause. Other terms include 
androgen deficiency of the ageing male (ADAM), partial androgen 
deficiency of the ageing male, or partial androgen deficiency. 

The current BSSM (British Society for Sexual Medicine), ISSAM 
(International Society for Study of the Aging Male), EAU (European 
Urology Association) definition of late onset hypogonadism? 
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is: ‘A biochemical syndrome associated with advancing age and 
characterised by a deficiency in serum androgen levels with or 
without a decreased genomic sensitivity to androgens. It may result 
in significant alterations in the quality of life and adversely affect 
the function of multiple organ systems? 

This state of hypogonadism causes a global decrease in energy 
and a decrease in the feeling of well-being. It also causes a change in 
sexual function and has other endocrine and metabolic repercus- 
sions. These can affect bones, muscles, and lipids, as well as cogni- 
tive function TDS or late-onset hypogonadism as defined on the 
basis of clinical symptoms associated with abnormal testosterone 
levels. The European Male Ageing Study? (EMAS) studied 3,369 
men aged 40-79 at eight European centres and concluded that the 
three following cardinal symptoms were most likely to be related to 
low levels of testosterone: 


+ Erectile dysfunction 
+ Reduced sexual desire 
+ Loss of morning erections 


Other symptoms such as hot flushes, sweats, tiredness, loss of vital- 
ity, reduced shaving frequency, gynaecomastia, depressed mood, 
poor concentration, and sleep disturbance were regarded as less 
specific. 

Recent guidelines suggest that a level of total testosterone of 
<8 nmol/L or free testosterone of less than 180 pmol/L require tes- 
tosterone replacement therapy and total testosterone of >12 nmol/L 
or free testosterone of >225 pmol/L do not. Between these levels, a 
trial of therapy for a minimum of six months should be considered 
based on symptoms (Fig. 7.12.2).” 


Biochemical assessment of hypogonadism 


Total testosterone should be measured between the hours of 
7-11 am on two occasions at least one month apart and ideally be 
assessed by mass spectrometry (ID-GCMS). Equilibrium dialysis 
is currently the gold standard for free testosterone, as immunoas- 
says based on analogue displacement are currently inaccurate.”* 
The EAU/ISSM/BSSM management algorithm is shown in 
Figure 7.12.2. 


Assessing symptoms of low testosterone 


As many of the symptoms of hypogonadism are vague in nature, 
initial assessment and subsequent response may be best under- 
taken with the aid of one of the following validated questionnaires®: 


+ The Ageing Males’ Symptoms (AMS) scale is a 17-item ques- 
tionnaire and is useful in the diagnosis of hypogonadism and in 
monitoring changes in response to treatment with testosterone; 


+ The Androgen Deficiency in Ageing Men (ADAM) scale is a 10- 
item questionnaire that is useful for screening and within clinical 
consultations; 


+ The International Index of Erectile Function (IIEF); or 
+ The Sexual Health Inventory for Men (SHIM); 


+ The Hospital Anxiety and Depression Scale (HADS) or PHQ9 
are currently used in primary care to assess depression in chronic 
medical conditions in primary care. Symptoms of depression and 
hypogonadism often overlap and antidepressants may exacerbate 
the symptoms of hypogonadism. 
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Signs & symptoms 
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Fig. 7.12.2 Testosterone deficiency syndrome. 


SHBG - Sex-hormone binding globulin 
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Reproduced with permission from E. Nieschlag et al, Investigation, treatment and monitoring of late-onset hypogonadism in males: ISA, ISSAM, and EAU recommendations, International Journal of 


Andrology, Volume 28, Issue 3, pp. 125-127, Copyright © 2005 John Wiley and Sons. 


Low testosterone and increased mortality 


There is increasing evidence that TDS is associated with 
increased cardiovascular and all-cause mortality.?-!© Two recent 
meta-analyses have looked at a large number of long-term stud- 
ies linking low testosterone to increased cardiovascular and 
all-cause mortality. Araujo!® concluded that the evidence for a 
link between low testosterone was strong but concluded that the 
differences in cohort selection and choice baseline testosterone 
measurement were important particularly as SHBG rises with 
age and falls with obesity and insulin resistance. Haring et al.?° 
looked at the data in terms of several models and found that even 
after strict adjustment for co-morbidities there seems to be a link 
between mortality risk and testosterone level throughout the 
studies (Table 7.12.1). 

A recent study of 3,637 community-dwelling men aged 70-88 
in Western Australia!” showed that low free testosterone, raised 
SHBG, and lutenizing hormone (LH) were associated with all- 
cause and cardiovascular deaths (HR 1.62 95% CI 18.2-24.8). An 
earlier study from the same authors studied 3,443 men!8 over 70 
and showed an increased risk of stroke and transient ischaemic 
attack (TIA) associated with minor reductions in total and free tes- 
tosterone <11.7 nmol/L (HR 1.99). Another recent study suggested 


that the combination of low free testosterone and low vitamin D 
were associated with increased all-cause mortality. 


Mortality studies from high-risk groups 


Malkin et al. (Fig. 7.12.3)?! followed up to 930 men referred with 
coronary artery disease for 6.9 years. The prevalence of hypog- 
onadism was 24%, mortality rates were 21% versus 12% (p = 0.002) 
for hypogonadal men versus eugonadal, and the study was halted 
early at 6.9 years. Only beta-blocker therapy and left ventricular 
failure were found to have a greater influence on survival. 

Muraleedaran et al.?* screened a primary care diabetic popula- 
tion of 587 patients and followed them up for 5.8 years. They found 
475 of men had normal TT levels, 22% were overtly hypogonadal 
(<8 nmol/L) and 31% were in the borderline range. These percent- 
ages were in close agreement with earlier publications by Kapoor 
et al.?3 and Hackett et al.?4 


Effect of low testosterone on surrogate 
markers for cardiovascular risk 


Decreases in serum total cholesterol have been noted as early as 
after four weeks?” but most studies have reported a decrease after 
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Table 7.12.1 Association of low testosterone levels with all-cause mortality by difference cut-offs from recent studies 


Cut-off for the MMAS; 8 TT Wang; 34 TT Rancho Bernardo Male veterans HIM; 36 TT EPIC; 6 TT Age-specific 
definition of low <6.94 nmol/L <8.0 nmol/L 7 TT <8.36 nmol/L Study; 35 TT <10.41 nmol/L <12.5 nmol/L cut-off <10th 
total testosterone (200 ng/dL) (230 ng/dL) (241 ng/dL) <8.7 nmol/L (300 ng/dL) (360 ng/dL) percentile 
(TT) (250 ng/dL) 
Low TT (n) 34 69 82 98 241 474 
Model 1 1.59 1.96 2.21 2.24 33 1.28 221 
(0.83; 4.02) (0.93; 3.63) (1.26; 3.89)** (1.41; 3.57)" 0.93; 1.90) 0.95; 1.72 1.40; 3.49)" 
Model 2 2.12 2.08 233) 2.10 28 1.20 2.26 
(1.01; 4.46)* (1.12; 3.86)* (1.33; 4.12)" (1.34; 3.29)" 0.89; 1.84) 0.88; 1.62 13359) 
Model 3 2.50 2.24 253 232 37 1.28 235) 
(1.18; 5.27)* (1.21; 4.17)* (1.43; 4.47)" (1.38; 3.89)" 0.95; 1.99) 1:93; 175 1.47; 3.74)" 
Model 4 2.68 23 256 192 alld] 1.10 2.25 
(1.19; 6.04)* (1.06; 4.26)* (1.38; 4.76)** (1.18; 3.14)* 0.72; 1.69) 0.78; 1.56 57375) a 
Model 1: adjusted for age. Model 2: adjusted for age, and WC. Model 3: adjusted for model 2, smoking (3 categories), high-risk alcohol use, and physical activity. Model 4: adjusted for 
model 3, renal insufficiency, and DHEAS. HR, hazard ratio; Cl, 95% confidence interval; CVD, cardiovascular disease; WC, waist circumference; DHEAS, dehydroepiandrosterone sulfate. 


*p, 0.05. 
**p, 0.01. 
**, 0.001. 


Reproduced from Robin Haring et al, ‘Low serum testosterone levels are associated with increased risk of mortality in a population-based cohort of men aged 20-79’, European Heart 
Journal, Volume 31, Issue 12, pp. 1494-1501, Copyright © 2010. Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2010, by permission of 


Oxford University Press. 


three months.? Greater reductions were seen in obese men? 
with metabolic syndrome. The MRFIT?® study showed that hypo- 
gonadal men had slightly increased triglycerides and high-density 
lipoproteins (HDL), leading to the suggestion that testosterone 
replacement therapy (TRT) might be expected to lower triglycer- 
ides and HDL. 

The decrease in serum triglycerides follows a similar pattern: after 
four weeks with decrease over nine months?” and maximum effect 
at 12 months.”° The decrease in low-density lipoprotein cholesterol 


seems somewhat slower: after three months, after 40-44 weeks, or 
after 12 months.?° 

Studies have found both an increase and decrease in HDL choles- 
terol?> dependent on the presence of diabetes or the use of statins. 
TRT has also been shown to reduce fibrinogen to levels similar to 
fibrates. Low androgen levels are associated with inflammation.*° 
A decline was noted in IL6 and TNF-alpha within 16 weeks? and 
in another study after 16 weeks.”° In the Moscow study, C-reactive 
protein was reduced by TRT at 30 weeks versus a placebo.?7 


Survival by testosterone status. Bio-T/all cause mortality. [adjusted] 
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Fig. 7.12.3 Effect of baseline bioavailable testosterone on all-cause mortality in men with proven coronary heart disease (n = 930 mean follow-up of 6.9 years). 
Reproduced from Heart, Chris J Malkin et al, Low serum testosterone and increased mortality in men with coronary heart disease, Volume 96, Issue 22, pp. 1821-1825, 2010, with permission from 


BM) Publishing Group Ltd. 
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Several studies have shown reduction in waist circumference, 
visceral fat, and BMI.?> Preliminary longer term studies sug- 
gest considerable weight loss can be seen for up to four years. 
Placebo-controlled studies in untreated hypertension are difficult 
to conduct for ethical reasons. In some studies a decline in dia- 
stolic blood pressure has been observed, after 3-9 months,” and 
in systolic blood pressure.2> Maximum effects were observed after 
12 months.”° A decrease in arterial stiffness measured as pulse wave 
velocity was measurable after 48 weeks,” and in large artery com- 
pliance after three months? a reduction on carotid artery intimal 
thickness was observed at 12 months in one study but this did not 
reach significance due to the small cohort size.*5 


The effects of testosterone replacement 
therapy on cardiovascular mortality 


A prospective recent study of 587 men with type 2 diabetes?8 
involved 5.8 years follow-up. Low testosterone was defined as 
TT <10.4 nmol/L. Fifty-eight men were treated with testoster- 
one for two years or more. The mortality rate was 20% in the 
untreated group, 9.1% in the normal group independent of co- 
morbidities and therapies. Mortality was 8.6% in the treated 
group (p = 0.049). 

A similar retrospective US study involved 1,031 men with 372 
on TRT. The cumulative mortality was 21% in the untreated group 
versus 10% (p = 0.001) in the treated group, with greatest effect in 
younger men and those with type 2 diabetes.”? In a recent paper 
of 145 patients with first ischaemic stroke and diabetes, 66% were 
found to be hypogonadal. In the testosterone-treated group, 7% 
had a recurrence of stroke in two years versus 16.6% in the control 
group with 28% of the treated men returning to work versus 6% 
of the control group. There were significant improvements in lipid 
profile and HbA1c.30 


Effects on angina threshold 
and heart failure 


Men with angiographically proven CAD (coronary artery disease) 
had significantly lower testosterone levels?! compared to controls 
(p <0.01) and there was a significant inverse relationship between 
the degree of CAD and TT (total testosterone) levels (r = -0.52, p 
<0.01).2° Nearly 25% of men presenting for coronary angiography 
had testosterone levels in the low hypogonadal range and some 50% 
had a TT of less than 11 nmol/L.*? 

Studies have shown pharmacological doses of testosterone to 
relax coronary arteries when injected intraluminally*? and to 
produce modest but consistent improvement in exercise-induced 
angina and reverse-associated electrocardiogram (ECG) changes.*? 
The mechanism of action is via blockade of calcium channels with 
effect of similar magnitude to nifedipine.* 

In men with chronic stable angina pectoris, the ischaemic thresh- 
old had increased after four weeks and a recent study demonstrates 
improvement continuing beyond 12 months.3#33 Exercise cap- 
acity in men with chronic heart failure increased after 12 weeks,*4 
predominantly through the improvement in skeletal muscle 
performance. 

A recent trial of 209 elderly frail men? over 65 randomized to 
receive either placebo or 100 g of topical testosterone gel was termi- 
nated early as there were 23 cardiac events (two deaths) in the 106 


men in the testosterone group versus five in the placebo group, des- 
pite positive results in study end points. These events included myo- 
cardial infarction and dysrhythmias and hypertension. The authors 
conceded that there were more cardiovascular co-morbidities in 
the active treatment group and that the starting dose and escalation 
was outside the product licence. The active treatment group had 
more severe CAD. The study involved rapid escalation up to 150 mg 
per day, above the manufacturer’s recommended dose, and many of 
the events were reported with inadequate validation. 


Insulin resistance and type 2 diabetes 


Studies have shown an inverse relationship between serum tes- 
tosterone and fasting blood glucose and insulin levels.32636 Both 
hyperinsulinaemia and low testosterone have been shown to pre- 
dict the development of type 2 diabetes (T2D).3:767-43 Medications 
such as chronic analgesics, anticonvulsants, 5-ARIs, and androgen 
ablation therapy are associated with increased risk of testosterone 
deficiency and insulin resistance.”* 

Hypogonadism is a common feature of the metabolic syn- 
drome.® Intra-abdominal adiposity (IAA) drives the progression 
of multiple risk factors directly, through the secretion of excess 
free fatty acids and inflammatory adipokines, and decreased 
secretion of adiponectin.“* The important contributions of IAA to 
dyslipidaemia and insulin resistance provide an indirect, though 
clinically important, link to the genesis and progression of ath- 
erosclerosis and cardiovascular disease.*4 The presence of excess 
IAA is an important determinant of cardiometabolic risk. IAA 
is accompanied by elevated C-reactive protein and is associated 
with an inflammatory cascade, with the expression of a number 
of atherogenic inflammatory kinins leading to cardiovascular 
plaque and type 2 diabetes. The INTERHEART Study® involving 
29,972 participants examined the contributory factors involved in 
a first acute myocardial infarction and found IAA to be an import- 
ant predictive factor. It recommended waist circumference or 
hip-waist ratio as a standard measurement of cardiovascular risk. 
Women with T2D or metabolic syndrome characteristically have 
low SHBG and high free testosterone.!° The precise interaction 
between insulin resistance, visceral adiposity, and hypogonad- 
ism is, as yet, unclear but the important mechanisms are through 
increased aromatase production, raised leptin levels, and increase 
in inflammatory kinins.*4 

In obese males, levels of testosterone are reduced in proportion 
to degree of obesity. The first step in reducing visceral fat is diet and 
lifestyle change.*° Patients should be advised to switch to a low gly- 
caemic diet, providing carbohydrate that does not increase glucose 
levels; that means reducing potatoes and bread and substituting nat- 
ural rice and full corn. Men should be encouraged to combine aer- 
obic exercise with strength training. As muscle increases, glucose 
will be burned more efficiently and insulin levels will fall. A mini- 
mum of 30 minutes’ exercise three times weekly should be advised. 

From age 30, testosterone levels fall by 1-2% per year and 3 kg of 
lean muscle per decade, but will have been replaced by even more 
fat.? Men with low testosterone levels show less diurnal variation 
compared with younger men with normal levels.”8 Testosterone 
increases levels of fast-twitch muscle fibres.*? By increasing tes- 
tosterone, levels of type 2 fibres increase and glucose burning 
improves. Weight loss will increase levels of testosterone and aug- 
ment the effects of lifestyle and exercise advice.*° 
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Table 7.12.2 Outcome of therapy in a population of men with type 2 diabetes and hypogonadism (BLAST) 


HbA1c(%) >7.5 Weight (kg) BMI(kg/m2) WC (cm) TC(mml/l) EF (IEF) AMS (pts) HADS-D GEQ (% imp) 
30 weeks —0.41 =O =03 OS 2025 730 53 o 46 
p value 0.007 Os 0.01 0.012 0.025 0.006 0.095 0.64 <0.001 
82 weeks =0.87 =2 —1.00 —4.2 0 +4.31 a 2S 68-70 
+9.57 
PDESI 
p value 0.009 0.016 0.019 <0.001 0.035 0.003 0.001 0.001 0.0001 


Reproduced with permission from G. Hackett et al., ‘The response to testosterone undecanoate in men with type 2 diabetes is dependent on achieving threshold serum levels 
(the BLAST study); International Journal of Clinical Practice, Volume 68, Issue 2, pp. 203-215, Copyright © 2014 John Wiley & Sons Ltd. 


Diabetologists have traditionally considered the fall in testoster- 
one level as being a consequence of obesity but studies now clearly 
show that low testosterone leads to visceral obesity and metabolic 
syndrome, and is also a consequence of obesity. Four large long- 
term studies have shown that baseline levels of testosterone pre- 
dict the later development of type 2 diabetes.*!0°37 In the case of 
MMAS, a baseline total testosterone of less than 10.4 nmol/L was 
associated with a greater than fourfold incidence of type 2 diabetes 
over the next nine years and NHANES-III followed up men from as 
young as 20 and found a similar fourfold greater prevalence inde- 
pendent of obesity or ethnicity.7” UK diabetes data from 201047 
showed the prevalence of type 2 diabetes in men aged 35-44 to be 
doubled that of women, despite men in that age group having lower 
levels of obesity and taking more exercise. This effect was even more 
marked in southern Asian men.*” A study has recently commenced 
in Australia to establish whether treating young obese men with low 
testosterone will reduce the incidence of type 2 diabetes. There is 
high-level evidence that TRT improves insulin resistance, as meas- 
ured by HOMA-IR, reduces HbA1c?? (by approximately 0.7% by 
18 months),*? and inflammatory markers (CRP, IL6, and TNF-alpha) 
in men with type 2 diabetes and metabolic syndrome.?”*-® There is 
high level of evidence for reduction in total cholesterol,weight, BMI 
and visceral fat (a significant marker for CV risk) and improvement 
of lean muscle mass. Improvements in sexual function were seen in 
men with baseline TT levels below 8 nmol/L with metabolic param- 
eters requiring sustained levels above 14 nmol/L for 12-18 months. 
The BLAST study?’ suggested that men with depression (23% of the 
cohort with diabetes) were markedly less responsive (Table 7.12.2). 


Osteoporosis, recurrent falls, 
and muscle strength 


The prevalence of osteoporosis in men over 50 is 4-6%, and hypo- 
gonadism, particularly with onset in younger men, is an acknowl- 
edged risk factor (in around 20% of all male cases) with white men 
at greater risk (7%) than black (5%), or Hispanic American men 
(3%).47-48:49 This becomes more important when population data 
show that by age 75 there are around 60 living men for every 100 
living women.! The morbidity and mortality of osteoporotic frac- 
tures are significantly higher in men than women (Fig. 7.12.4).°° 
In terms of both primary and secondary prevention of osteopor- 
osis, men are largely ignored, with the perception being that osteo- 
porotic fracture is almost exclusively a problem in postmenopausal 
women.*? Current NICE (National Institute of Health and Clinical 
Excellence) guidance*? on osteoporosis concentrates exclusively 


on women and there is currently no guidance for men, although 
hypogonadism is frequently quoted as a major risk factor. NICE 
guidance on prostate cancer” does stress the importance of osteo- 
porosis treatment in men on androgen ablation therapy. 

The importance of androgen deficiency in relation to osteopor- 
osis is more significant, as hypogonadism has been associated with 
cognitive impairment?! and risk of falls in the elderly,*! increasing 
fracture risk. The MINOS study looked at 1,040 French men aged 
51-54 and the MrOS**°3 study in the United States studied 2,587 
community based men aged 65 to 99 and concluded that men with 
a bioavailable testosterone in the lower quartile had a 40% add- 
itional risk of fall. The effect was most apparent in the 65 to 69 age 
group, and in men aged over 80 testosterone levels were not associ- 
ated with falls. The authors concluded that ‘these results provide 
additional justification for trials of testosterone in older men and 
should aid in the design of those studies. 

Despite these findings, Kiebzak et al.*4 in a review of 363 patients 
admitted for osteoporotic fracture (110 men and 253 women) only 
4.5% of men versus 27% of women had prior treatment. The 12- 
month mortality for men of 32% for osteoporosis is less clear but 
30% of all hip fractures over 75 occur in men compared with 17% 
for women. At 12-month follow-up of survivors, 27% of men ver- 
sus 71% of women were taking treatment (usually only calcium and 
vitamin D). Eleven per cent (11%) of men versus 27% of women 
received follow-up bone density assessment. 

A long-term study on the effects of testosterone treatment showed 
that bone mineral density continues to increase in the lumbar spine 
after 18 to 30 months of treatment. Meta-regression analysis per- 
formed at the lumbar spine and femoral neck revealed a significant 
effect of TRT, and pooled results from eight randomized clinical 
trials (RCTs)>> found that testosterone had a moderate effect on 
bone resorption markers. To date, no adequately powered trial has 
yet explored the impact of therapy on hip and vertebral fracture. 

Recurrent falls in the elderly are associated with consider- 
able mortality and economic burden. Risk of falling has been 
shown to be clearly associated with loss of lean muscle especially 
in the lower limbs of ageing men. Srinivas-Shanker et al.°° stud- 
ied 274 intermediate-frail and frail elderly hypogonadal (mean T 
11.1 nmol/L) men, aged 65-90 years treated with 25-75 mg tes- 
tosterone gel or placebo daily for six months and followed up for 
another six months after cessation of therapy. Mean T increased 
to 18.4 nmol/L at six months, and declined to 10.5 nmol/L at 
12 months. Isometric knee extension peak torque, lean body 
mass (plus decreased body fat) and somatic and sexual symptoms 
improved significantly in the T-arm compared to placebo but 
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Fig. 7.12.4 Vertebral fractures and mortality. (A) Cumulative survival rate, adjusted to age 65 years, in men with a prevalent vertebral deformity, using deformity 
criterion—3 SD, at baseline compared with men without a vertebral deformity, during a 10-year follow-up period. (B) Cumulative survival rate, adjusted to age 65 years, in 
women with a prevalent vertebral deformity, using deformity criterion 3 SD, at baseline compared with women without a vertebral deformity, during a 10-year follow-up 


period. 


Springer, Osteoporosis International, Volume 14, 2003, pp. 61-68, ‘Prevalent vertebral deformities predict increased mortality and increased fracture rate in both men and women: A 10-year 


population-based study of 598 individuals from the Swedish cohort in the European Vertebral Osteoporosis Study’, R. Hasserius, Figure 1 and 2, Copyright © International Osteoporosis Foundation 


and National Osteoporosis Foundation 2003. With kind permission from Springer Science and Business Media. 


improvements were seen no more after six-month T-withdrawal. 
The message is that benefits occur relatively early but treatment 
must be considered for the long term. 


Cognitive function 


There is evidence that hypogonadism is associated with decreased 
cognitive function and that testosterone administration enhances 
performance on spatial cognition and mathematical reasoning.>! 
In the MMAS,? there was no evidence that older age was associ- 
ated with testosterone in terms of spatial ability, working memory 
and speed/attention when adjusted for age and covariants. However, 
in the 10-year longitudinal assessment of multiple cognitive 


domains, higher free testosterone predicted better scores on visual 
and verbal memory, visual-spatial functioning, visual motor scan- 
ning, and a reduced rate of longitudinal decline in visual memory.°” 
Studies consistently show that T therapy improves mood, energy, 
and well-being in younger men, but the effects tend to be less clear 
in ageing men.°” Nevertheless, benefits are consistently clear in a 
subset of ageing men with manifest low testosterone.*8 


Mood and depression 


Symptoms associated with low testosterone are diminished 
energy, reduced vitality or well-being, increased fatigue, depressed 
mood, impaired cognition, decreased muscle mass, and strength, 


diminished bone density, and anaemia. The lifetime prevalence of 
depression, at 24%, is known to be three times higher in type 2 dia- 
betics than the general population and the most commonly cited 
reason is the burden of co-morbidities in diabetes.’ None of the 
papers reviewed in meta-analysis of 42 studies in 200,145 subjects 
considered androgen status, despite the obvious overlap in symp- 
toms between hypogonadism and depression. Diabetes was found 
to be a greater risk factor for depression in male than in female type 
2 diabetics and sexual problems were the complication most associ- 
ated with depression.°-! 

A randomized placebo-controlled study6? of long-acting tes- 
tosterone undecanoate for 30 weeks on 184 men with metabolic 
syndrome or type 2 diabetes (mean age 52 and mean baseline tes- 
tosterone of 8 nmol/L) showed significant improvements in Beck 
Inventory scores (BDI) for testosterone versus placebo of 2.5 points 
and 7.4 points on the ageing male score, as well as three-point 
improvements on the IIEF. The recently published BLAST study 
in type 2 diabetes showed significant improvement in depression 
and anxiety scores along with all domains of sexual function, most 
marked after 12-18 months with long-acting testosterone unde- 
canoate.*? Presence of depression reduced the metabolic response 
to testosterone. 

Although low testosterone has been shown to predict incident 
depression in ageing men, only two of nine RCTs (randomized 
clinical trials) have shown a significant improvement on depres- 
sion scores in a general population of ageing men compared with 
placebo.®? Combined therapy with antidepressants has been shown 
to be superior to antidepressant plus placebo in a group of younger 
men with refractory depression.®4 


Testosterone and Alzheimer’s disease 


Men are relatively protected from Alzheimer’s disease compared 
with women. There is evidence that androgens confer protection 
from Alzheimer’s disease in their own right and a recent study 
found a link between cognitive functioning and bioavailable testos- 
terone.®-% Testosterone therapy has been shown to improve mood 
and quality of life in men with Alzheimer’s disease despite cognitive 
improvement failing to reach clinical significance. The conclusion 
from these studies would be that free testosterone should be moni- 
tored in cases of Alzheimer’s disease and a therapeutic trial may be 
appropriate in many cases.°7 


Testosterone and quality of life 


Several studies have shown improvement in AMS scores with 
testosterone therapy but the validity of these finding have been 
questioned in patients with chronic illness. Validated quality of 
life (QoL) tools such as SF12 and SF36 have shown significant 
improvements in physical and mental health scores in general pop- 
ulations of ageing men both with and without diabetes.® In the 
BLAST diabetes study, at 12-18 months nearly 70% of mean (men 
age 62) stated that testosterone therapy had improved their health 
and in 38% that improvement was definite.4? 


Treatments 


Long-term safety of testosterone therapy 


A meta-analysis of 1,000 patient-years® versus placebo suggests 
a slight reduction in myocardial infarction and cerebrovascular 
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accident (CVA) but a marked reduction in coronary interven- 
tions (Fig. 7.12.5). There was a 6% incidence of raised haemato- 
crit (>50%) without significant consequences and no deaths in the 
active treatment group versus five in the placebo cohort. 

Two recent publications in the United States based on health- 
care databases”-”! suggested a possible increase in cardiovascular 
events with TRT but both have been heavily criticised due to flawed 
methodology and statistics. Two retrospective studies, one on dia- 
betes,?829 suggest lower mortality (Fig. 7.12.6). 

Anderson et al.’ reported 5,695 men followed up over three 
years and based on therapeutic levels of testosterone, showed a 
marked reduction in mortality and major coronary events (MACE) 
but non-significant reduction in absolute numbers of myocardial 
events. This suggests that testosterone in a marker of frailty and 
associated with the likelihood of surviving incident cardiac and 
non-cardiac events (see Fig. 7.12.7). 

A 2015 paper based on four-year follow-up of 859 patients from 
the BLAST”4 study showed an independent reduction in mortal- 
ity with both TRT and PDE5Si therapy (Fig. 7.12.8), most marked 
in older men (Fig. 7.12.9). A further study evaluated 7,860 men 
with type 2 diabetes (mean age 70) and reported a 28% reduc- 
tion in all-cause mortality in men prescribed PDE5 inhibitors for 
ED.” These findings are of significant importance as prescrib- 
ing has been discouraged in older men due to a perception of 
increased risk. 

At least seven observational studies have reported no association 
of lower urinary tract symptoms (LUTS) with serum testosterone 
level and five have shown an inverse relationship.”° No studies to 
date show an increase in LUTS/BPH symptoms with higher serum 
testosterone levels.”” The balance of studies of TRT suggest an 
improvement in LUTS. As TRT has been shown to up-regulate PDES, 
increase pelvic blood flow and enhance the effect of PDE5is (now 
an accepted therapy for both ED and LUTS), it is no longer logical 
to advice avoidance of TRT in men with mild to moderate BPH. 

Calof® also found that patients on testosterone were 12 times 
more likely to get a prostate biopsy but no more likely to have a 
positive finding. 

Several studies and meta-analyses have failed to show a link 
between TRT and development of prostate cancer”67879 but sev- 
eral have shown a tendency for more aggressive prostate cancer in 
men with low testosterone (Fig.7.12.10). One recent study of 279 
consecutive patients referred for biopsy on the basis of abnormal 
digital rectal examination (DRE) or raised prostate-specific anti- 
gen (PSA) found that low bioavailable testosterone and high SHBG 
were associated with a 4.9 and 3.2-fold risk of positive biopsy.®° 

Current EAU, ISSAM, and BSSM guidance” is that there is ‘no 
evidence TRT is associated with increased risk of prostate cancer or 
activation of subclinical cancer’. 

Despite these conclusions, many patients are deprived clini- 
cal and metabolic benefit because of slight normal physiological 
increases in PSA and concerns that no long-term study has con- 
clusively proved absolute safety. Because of logistic and ethical rea- 
sons, the ideal long-term study is unlikely to be done and until then 
physicians will have to practice on using the best available evidence. 


Dehydroepiandrogen 


This weak androgen precursor is available as a food supplement in 
the United States, with little convincing evidence for cardiovascular 
benefit. A recent 12-month double-blind placebo-controlled study 
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Fig. 7.12.5 Meta-analysis of placebo-controlled testosterone trials in middle-aged and older men: cardiovascular adverse event rates per 1,000 patient-years. 

Notes: A meta-analysis of randomized clinical trials to determine the risks of adverse events associated with testosterone replacement in older men. The MEDLINE database was searched from 
1966 to April 2004, using testosterone as the indexing term; limits included human, male, > or = 45 years old, and randomized controlled trial. Of the 417 studies thus identified, 19 met the 
inclusion criteria: testosterone replacement for at least 90 days, men > or = 45 years old with low or low-normal testosterone level, randomized controlled trial, and medically stable men. Odds 
ratios (ORs) were pooled using a random effects model, assuming heterogeneous results across studies, and were weighted for sample size. In the 19 studies that met eligibility criteria, 651 men 
were treated with testosterone and 433 with placebo. Testosterone-treated men were nearly four times as likely to have haematocrit >50% as placebo-treated men (OR = 3.69, 95% Cl, 1.82-7.51). 
The frequency of cardiovascular events, or death was not significantly different between the two groups. 

Source: data from Calof OM et al, ‘Adverse events associated with testosterone replacement in middle-aged and older men: a meta-analysis of randomized, placebo-controlled trials, The Journals of 
Gerontology: Series A, Volume 60, Issue 11, pp. 1451-7, Copyright © 2005, Oxford University Press. 
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Fig. 7.12.6 Long-term mortality studies on testosterone replacement therapy (TRT). 

(A) Source: data from Shores M et al, ‘Testosterone treatment and mortality in men with low testosterone’, The Journal of Clinical Endocrinology and Metabolism, Volume 96, Issue 6, 

pp. 2011-2591, Copyright © 2015 Endocrine Society; (B) Source: data from Muraleedharan V. et al, ‘Testosterone deficiency is associated with increased risk of mortality and testosterone 
replacement improves survival in men with type 2 diabetes’, European Journal of Endocrinology, Volume 169, Issue 6, pp. 725-733, Copyright © 2013 European Society of Endocrinology; and 

(C) Reproduced with permission from Muraleedharan V et al, ‘Testosterone deficiency is associated with increased risk of mortality and testosterone replacement improves survival in men with 
type 2 diabetes; European Journal of Endocrinology, Volume 169, Issue 6, pp. 725-733, Copyright © 2013 European Society of Endocrinology. 
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Fig. 7.12.7 TRT reduces mortality and major coronary events (MACE) and death but not absolute rate of mild cognitive impairment and cerebrovascular 


accident (CVA). 


Source: data from Anderson JL et al, ‘Abstract 13220: Cardiovascular Impact of Testosterone Therapy in Men with Low Testosterone Levels, Circulation, Volume 130: Abstract 13220, Copyright 


© 2014, Wolters Kluwer Health. 
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Fig. 7.12.8 Long-term mortality data in diabetes. 
Source: data from G. Hackett et al, ‘The response to testosterone undecanoate in men with type 2 diabetes is dependent on achieving threshold serum levels (the BLAST study), International 
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Cox regression, outcome: time to last visit/death, censor: death Model 2A 
(age at visit 1/death and testosterone/statin treatment included) 


n = 682 (patients not on PDES inhibitors) 


HR (95 confidence 
intervals) p 


Variables 


Age at last visit/death 


(continuous variable: years) 1.10 (1.07-1.12) <0.001 
Testosterone treatment 

Group A 0.62 (0.41-0.95) 0.027 

Group B Reference 
Group C 0.33 (0.12-0.92) 0.033 

Statins 

Not on treatment Reference 

On treatment 0.66 (0.44-1.01) 0.058 


Fig. 7.12.9 Cox regression outcome. 
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of 243 men and women aged 65-75 showed marked reduction in 
aortic intima thickness and reduction of inflammatory cytokines 
IL6 and TNF-alpha.*! 


Dihydrotestosterone 


In a small 12-week study in patients with stable angina,8? dihy- 
drotestosterone (DHT) produced significant increase in time to 
exercise ischaemia compared with placebo. Due to possible con- 
cerns about prostate safety, commercial formulations of DHT are 
not available. 


Oestrogens 


A review of 2,236 male to female transsexuals followed up for 
31 years? showed mixed cardiovascular effects. There were sig- 
nificant increases in visceral fat, BMI, and weight with time and BP 
was slightly increased along with slight increase in HDL but with 
minimal change in mortality rate. There were adverse changes in 
clotting profiles and a tendency to increase risk of DVT. 


Effects of androgen ablation therapy 


Men with prostate cancer, treated with androgen deprivation, 
develop an increase of fat mass with an altered lipid profile, 


increasing total, LDL, HDL and triglycerides by 9, 7, 11, and 26.5%, 
respectively. These patients also appear to develop insulin resist- 
ance, hyperinsulinemia, and hyperglycaemia. The risks of diabetes 
mellitus increase by 44% and mortality of cardiovascular diseases 
by 16% during a follow-up of up to 10 years.®4 The authors con- 
cluded that before commencing androgen deprivation therapy 
(ADT), the overall health, co-morbidities, and life expectancy of 
the patient needs to be fully assessed. 


Sexual function in the ageing male 


For the older couple, retirement often allows for more shared time 
and increased intimacy. Sexual function may be a higher priority 
for the couple than the doctor perceives. Men who are widowed or 
divorced still expect to be sexually active in new relationships, and 
this should be positively encouraged, as evidence suggests that men 
living alone have markedly reduced life expectancy.! 

Current guidelines suggest that all patients presenting with ED, 
irrespective of age, should be screened for low testosterone, as it is 
a potentially curable cause of ED, especially in men without other 
co-morbidities.°-* As NICE guidance suggests, all men with type 
2 diabetes should be assessed annually and the GP contract now 
includes routine assessment for ED in coronary heart disease 
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Meta-analysis of placebo-controlled testosterone trials in 1,070 middle-aged 
and older men: prostate adverse event rates per 1,000 patient-years 
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Fig. 7.12.10 Effects on the prostate of normalizing testosterone levels in hypogonadal men. Notes: A meta-analysis of randomized clinical trials to determine the risks of 


adverse events associated with testosterone replacement in older men. 


METHODS: The MEDLINE database was searched from 1966 to April 2004, using testosterone as the indexing term; limits included human, male, 245 years old, and randomized controlled trial. 


Of the 417 studies thus identified, 19 met the inclusion criteria: testosterone replacement for at least 90 days, men 245 years old with low or low-normal testosterone level, randomized controlled 


trial, and medically stable men. RESULTS: In the 19 studies that met eligibility criteria, 651 men were treated with testosterone and 433 with placebo. The combined rate of all prostate events was 


significantly greater in testosterone-treated men than in placebo-treated men (OR = 1.78, 95% confidence interval [Cl], 1.07-2.95). Rates of prostate cancer, prostate-specific antigen (PSA) 


>4 ng/mL, and prostate biopsies were numerically higher in the testosterone group than in the placebo group, although differences between the groups were not individually statistically 


significant. Testosterone replacement in older men was associated with a significantly higher risk of detection of prostate events and of haematocrit >50% than was placebo. These data reaffirm 


the need to monitor PSA, and digital examination of the prostate during testosterone replacement in older men. 


Source: data from Calof OM et al, ‘Adverse events associated with testosterone replacement in middle-aged and older men: a meta-analysis of randomized, placebo-controlled trials; Journal of 
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(CHD) patients. Increased demand for testosterone supplementa- 
tion will be a natural consequence of this correction of previous 
underdiagnosis and undertreatment.** Testosterone is involved at 
several sites in the erectile process up-regulates PDE5 in the cor- 
pora cavernosum, enhancing the effect of PDE5 inhibitors.®° Oral 
ED drugs were shown to be effective in around 70% of men (55% 
in diabetes) during clinical trials with unrestricted free medica- 
tion, such that responses are likely to be much low with restricted 
access.° Correcting low testosterone levels salvages 30-50% of men 
who would otherwise fail with oral therapy.8”-®° 

When a low testosterone is detected, the anticipation of the 
patient would be that this abnormality will be corrected, irrespec- 
tive of age. The patient will not be expecting the abnormality to be 
dismissed and for potentially lifelong, expensive, on-demand, self- 
funded ED therapy to be prescribed. TRT may provide a number 
of possible additional benefits beyond improving erections: namely 


(i) Improving sexual desire (often diminished in ageing men 
with ED) 
(ii) Improved morning erections 
(iii) Improving ejaculatory and orgasmic function 


(iv) Possible improvement in well-being, metabolic risk, cognitive 
function, depression, and quality of life6-8 


Several studies have clearly shown that TRT can be effective 
as mono-therapy for ED,87°8 generally in men without other 


multiple-co-morbidities, but also as a salvage procedure for patients 
who fail to respond to PDE5 inhibitors.*? It is logical to restore tes- 
tosterone levels to the normal range before re-introducing oral 
therapy. This process introduces some complex management and 
financial (for the patient and the physician) issues as both medica- 
tions may be required long term for an effective outcome. 


Conclusions 


The benefits of conventional cardiovascular risk reduction by exer- 
cise and weight loss are fundamental to healthy ageing. There is 
considerable evidence of modest cardiac and metabolic benefits 
plus sexual, mood, and quality of life changes associated with tes- 
tosterone replacement therapy and possibly PDES inhibitors that 
together may add up to substantial benefit to many patients. These 
may potentially denied to patients by fears over prostate and cardio- 
vascular risk that are not currently supported by evidence. Ideally, 
we need large long-term studies to resolve these issues with cer- 
tainty but such studies will be challenging for logistic and financial 
reasons. Until then, patients require advice and treatment based on 
current best evidence. 
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CHAPTER 7.13 


Peyronie's disease, congenital 


curvature, and chordee 


Epidemiology, pathophysiology, 
evaluation, and treatment 


Laurence A. Levine, William Brant, 
and Stephen M. Larsen 


Peyronie’s disease 


Introduction to Peyronie’s disease 


Peyronie’s disease (PD) is a fibrotic wound healing disorder of the 
tunica albuginea. This physically and often psychologically dev- 
astating disorder causes penile deformities including curvature, 
hinging, narrowing, and shortening as well as painful erections. 
Penile pain is a common feature that resolves in most patients 
6-18 months after onset. Pain and deformity progression occur 
during the acute phase, whereas pain resolution with either 
deformity regression or stabilization identifies its stable phase. PD 
data outcomes have been difficult to interpret without a validated 
questionnaire, and this is further complicated by a reported spon- 
taneous improvement rate of 13-39%.!? This chapter reviews the 
diagnosis and management of PD. 


Epidemiology 

PD is estimated to occur in 3-9% of adult men.?+ Although 
commonly diagnosed in the fourth and fifth decades of life, PD 
occurring before the age of 20 has been described.” Patients with 
diabetes and those who have received a radical prostatectomy 
are significantly more affected by this condition with incidence 
rates reaching 20% and 15.9%, respectively.” Approximately 
30% of PD patients have diabetes. Other co-morbid conditions 
are reported to occur in association with PD including hyper- 
tension, dyslipidemia, and hypogonadism.® Low levels of andro- 
gens (DHEA and testosterone) when compared to age-matched 
non-PD controls, and these low plasma androgen concentra- 
tions possibly contribute to the pathogenesis and onset of PD.? 
Studies demonstrate serious psychological sequelae on both the 
PD patient and partner with a rate of clinical depression of 48%.1° 
PD is associated with other collagen diseases such as Dupuytren’s 
and Ledderhose disease. 


Pathophysiology 


PD is thought to occur in genetically susceptible individuals 
following penile trauma.!! In the acute phase an inflammatory 


component is accompanied by subjective pain. A localized 
response to endogenous factors such as TGF-f released in response 
to repeated microtrauma leads to unregulated extracellular mat- 
rix deposition and ultimately to plaque formation.!?-5 PD tissue 
samples have reduced or absent levels of matrix metalloproteinases 
(MMPs) and elevated tissue inhibitors of matrix metalloproteinases 
(TIMPs). These findings suggest that PD fibroblasts may be manip- 
ulated to encourage scar remodelling in the final phase of wound 
healing and may be an avenue for future research and treatment.!¢ 


Evaluation and diagnosis 


A standardized evaluation includes history, physical examination, 
diagnostic imaging, and questionnaires.!” These questionnaires 
should address deformity, sexual function, impact of disease, as 
well as treatment satisfaction. The PD questionnaire (PDQ) was 
recently validated and includes assessment of psychological symp- 
toms, penile pain, and PD symptom bother.!® 

The history should address onset, pain, deformity, palpable lump, 
trauma, and previous treatments. One may ask the patient to esti- 
mate the degree and direction of erect penile curvature, although 
only 20% of patients accurately report the degree of curvature with 
56% overestimating and 26% underestimating curvature with an 
average difference of 20 degrees. Therefore, preoperative objective 
measures of erect deformity are necessary in order to accurately 
counsel patients, recommend appropriate treatment, and object- 
ively evaluate outcomes.!? The history should also address the pres- 
ence of indentation, hinging/buckling with axial pressure, and the 
amount of shortening. Shortening may be the most psychologically 
devastating symptom, occurring in 70% of patients and ranging 
from 1-10 cm.!°202! Questions regarding pre-Peyronie’s erectile 
status are important and guide surgical planning. Diminished rigid- 
ity, which is commonly seen, may be psychogenic in nature and/or 
due to underlying medical conditions. Clinical depression and loss 
of self-esteem can also be seen, as well as devastating effects on the 
patient’s sexual and social relationships.!0*! Questions regarding 
sexual dysfunction should include ejaculation, orgasm, and change 
in sensation. 
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Physical examination of the penis is critical. A stretched penile 
length must be obtained because of the concern for further short- 
ening. With the patient in the supine position, the glans is grasped, 
and pulled to full stretch perpendicular to the plane of the body.” 
A rigid ruler presses down on the suprapubic fat pad to the pubic 
bone, and the penis is measured to the corona or meatus depend- 
ing on physician preference. Preoperative penile sensitivity can be 
assessed with light touch and biothesiometry, though no standard 
evaluation of this parameter has been established. 

Deformity assessment of an erect penis is the most important 
part of the clinical diagnosis. Pharmacologically induced erection 
via injection of vasoactive agent is the most reliable method when 
compared to vacuum-induced or photograph.”? If a full erection 
does not occur, administration of a second dose is recommended. 
Pressure can also be applied to the base of the penis if needed. 
Curvature is then measured in the erect state while a simple string 
can be used to measure girth at the base, subcoronal, and any area 
of indentation or hourglass narrowing. 

Doppler ultrasound can be helpful if the diagnosis is in doubt. In 
the flaccid condition, corporal fibrosis and plaque calcification can 
be seen.”4 Up to 32% will have plaque calcification which can occur 
early after initial onset of the plaque formation and is therefore not 
an indicator of mature disease as was previously thought.?° 


Treatment 


Non-surgical therapy 

PD remains a therapeutic dilemma due to an incomplete under- 
standing of its aetiopathophysiology and the relative paucity of 
randomized, placebo-controlled trials. Conservative management 
is commonly applied for early presentations of PD.?6 Indications 
for non-surgical therapy include men with early phase disease (i.e. 
less than 12 months’ duration) who have unstable or progressive 
deformity and painful erections, as well as those not psychologic- 
ally ready or interested in surgery.” 

A recent report by the PD committee during the 2009 
International Consultation on Sexual Medicine (ICSM) stated 
there is no evidence of benefit with respect to deformity with any 
oral or topical therapy or with shock wave treatment.’ Preliminary 
reports demonstrate benefit with respect to curvature and length 
correction with external penile traction and/or vacuum ther- 
apy.?”8 Intralesional injection of verapamil and interferon have 
also shown evidence of curvature reduction but large scale multi- 
center studies are needed.??30 Most recently, clostridial collagenase 
has been shown in randomized double-blind placebo-controlled 
studies to reduce curvature and deformity.*! At the time of writ- 
ing, the treatment has been licensed in the United States and in 
Europe. 

The authors support the use of combination therapy using oral 
and injectable agents (for their biological effects) together with 
external traction therapy (for its mechanical effects) to create a syn- 
ergy to reduce deformity and improve sexual function. Please see 
Table 7.13.1 for a depiction of the proposed mechanism of action, 
side effects, and effectiveness of non-surgical treatments. 


Surgery for Peyronie’s disease 

The main indication for surgery for men with PD is stable disease, 
defined as at least one year from onset and at least six months 
of stable deformity with compromised ability to engage in coital 
activity due to deformity and/or inadequate rigidity. Extensive 
plaque calcification can also be an indication, as can significant 


PD accompanied by concurrent erectile dysfunction. Penile pain 
is a relative contraindication except when it may be due to a strong 
erection imparting torque-like pressure on the penis.® 

It is important to have a frank discussion regarding the possi- 
bility of persistent or recurrent curvature, change in penile erect 
length, diminished rigidity, and decreased sexual sensation in order 
to set appropriate expectations regarding the outcome of surgery.® 
Persistent or recurrent curvature is unusual but has been shown in 
up to 16% of men.*? Up to 30% of men may have some degree of 
postoperative loss of rigidity. Consideration for penile prosthesis 
should be discussed if the patient already has significant erectile 
dysfunction (ED) preoperatively.32 Decreased sensation occurs in 
20% of men acutely, but tends to resolve over the ensuing months.*? 
Several surgical algorithms have been published and are summa- 
rized in Box 7.13.1.349 


Tunical shortening procedures 
All plication procedures shorten the long side of the penis and 
therefore can result in loss of length on that aspect. Men who have 
a ventral curvature of greater than 60 degrees tend to have the 
greatest potential loss of penile length.*3 Other drawbacks of any 
plication procedure are that it does not correct shortening, does 
not address hinge or hourglass effect, and indeed may exacerbate it. 
Several other side effects have been reported including narrowing 
(0-17%), pain associated with sutures, and tactile and sexual sensi- 
tivity changes (0-21%).83 

The ICSM report stated that there was ‘no evidence that one 
surgical approach provides better outcomes over another, but 
curvature correction can be expected with less risk of new ED’ 
compared to grafting procedures.® See Table 7.13.2 for a summary 
of the outcomes of surgical straightening with tunica albuginea 
plication. 


Tunical lengthening procedures (incision or partial 

excision and grafting) 

Indications for incision or partial excision and grafting for surgical 
correction of PD include greater complexity of disease with several 
or all of the following: curvature greater than 60-70 degrees, shaft 
narrowing, hinging, and extensive plaque calcification. Good pre- 
operative erections are of utmost importance.*° 

Predictors of postoperative ED include preoperative ED, age >55, 
evidence of corporal veno-occlusive dysfunction on duplex ultra- 
sound (resistance index <0.80), ventral curvature, and possibly the 
severity of the curvature.3637 

Surgical grafting techniques include plaque incision, where an H 
or double-Y incision is made in the area of maximum curvature.*® 
This allows the tunic to be expanded in this area, thereby correct- 
ing the curvature and shaft calibre. Partial plaque excision has also 
been suggested, where the area of maximum deformity is excised 
particularly if it is associated with severe indentation.3”~*° The key 
to these operations is to limit the trauma to the underlying cavern- 
osal tissue to maintain the veno-occlusive relationship between the 
cavernosal tissue and the overlying tunic and graft. 

Successful straightening has been reported in 63-100% with 
patient satisfaction ranging from 41-96%, partner satisfaction 77%, 
and successful coitus in 79-100%.*3-4!-46 ED is reported in 0% to 
35% of men with increased risk of ED when grafting is performed 
to correct ventral curvature.*343 Recurrence of greater than 30- 
degree curvature can be seen from 0% to 16%.43-48 See Table 7.13.2 
for a summary of the outcomes for penile straightening with plaque 
incision/excision and grafting. 


Table 7.13.1 Conservative treatments for Peyronie's disease 


Oral agents 


Mechanism 


Efficacy 


Side effects 


ICSM guidelines 


Vitamin E 400 IU daily or BD 


Antioxidant limits oxidative stress of 
reactive oxygen species shown to be 
increased in PD 


No benefit with respect to pain, 
curvature, or plaque size 


Possible cerebrovascular events, nausea, 
vomiting, diarrhoea, headache, dizziness 


o benefit with respect to deformity 


Colchicine 2.5 mg daily 


Inhibits fibrosis and collagen deposition 
primarily by inhibiting neutrophil 
microtubules 


No benefit with respect to pain, 
curvature, or plaque size 


Myelosuppression, diarrhoea, nausea, 
vomiting 


o benefit with respect to deformity 


Potassium amino-benzoate 3 g 
six-hourly 


Stabilizes tissue serotonin monoamine 
oxidase activity; antifibrotic effect due 
to a direct inhibitory effect on fibroblast 
glycosamineglycan secretion 


Mean decrease in plaque size in 74.3%, 
no improvement in curvature 


Anorexia, nausea, fever, skin rash, 
hypoglycaemia 


o benefit with respect to deformity 


Tamoxifen 40 mg daily 


Affects the release of TGF from 
fibroblasts, and blocks TGF-receptors, 
reducing fibrogenesis 


No demonstrable improvement in pain, 
curvature, or plaque size 


Alopecia, retinopathy, 
thromboembolism, pancytopenia 


o benefit with respect to deformity 


Carnitine 1 g twice daily 


Attenuates both collagen fibre 
deposition and elastogenesis 


No significant improvement in pain, 
curvature, or plaque size 


Seizure, diarrhoea, nausea, stomach 
cramps, vomiting 


o benefit with respect to deformity 


Procarbazine (100 mg/m?) 


Oral alkylating agent 


91% failure or worsening 


Hepatotoxicity, myelosuppression, 
central nervous system effects, and Gl 
disturbances 


ot addressed by ICSM guideline 


Pentoxifylline400 mg twice daily 


Nonspecific phosphodiesterase 
inhibitor, attenuates both collagen fibre 
deposition and elastogenesis 


36.9% with mean decrease in curvature 
of 23 degrees 


Indigestion, nausea, vomiting, dizziness, 
headache, angina, aplastic anaemia, 
leucopenia, thrombocytopenia 


Further studies required to confirm 
findings 


Injectable agents Mechanism Efficacy Side effects ICSM guidelines 
Collagenase (10,000 units x Lyses collagen, the primary component 57% had 25% reduced Penile pain, swelling, contusions, Several small non-controlled trials 
injections at 0 and 3 months) of PD plaques Curvature. ecchymoses showed limited benefit. (The ICSM 


IMPRESS trial demonstrates mean 34% 
decrease in curvature (17 degrees) with 
improvement in subjective symptoms 

as well 


process predated the publication of the 
large RCTs that demonstrated the efficacy 
of collagenase) 


Verapamil (10 mg 
bi-weekly x12 injections) 


Inhibits local extracellular matrix 
production, reduces fibroblast 
proliferation, increases local 
collagenase activity 


60% with mean decrease of 

30 degrees, 57% with decreased 
plaque volume, and trend towards 
decreased curvature 


Nausea, lightheadedness, penile 
pain, ecchymoses, no cardiovascular 
events 


Appears to make scientific sense but 
no large scale placebo-controlled trials 


Nicardipine (10 mg bi-weekly 
x 6 injections) 


Ca2b channel blocker, mechanism 
likely similar to verapamil 


Improvement in IIEF scores, and 
plaque size, no specific values given 


Headache, no hypotension or 
cardiovascular events 


No guidelines 


Corticosteroids (25 mg per week) 
(50 mg every 4-6 weeks) 


Anti-infammatory 


100% resolution of pain, no significant 
difference in curvature, or plaque size 


Tissue atrophy, thinning of skin, and 
immunosuppression 


No objective measures of therapeutic 
benefit 


(continued) 


Table 7.13.1 Continued 


Injectable agents 


Mechanism 


Efficacy 


Side effects 


ICSM guidelines 


Orgotein (4 mg every 2 weeks) 


Anti-infammatory with pronounced 
superoxide dismutase activity 


No benefit with regard to pain, 
deformity, or plaque size 


Pain, swelling, stiffness, dysesthesias, 
and skin rashes 


Not addressed by ICSM guidelines 


Interferons (1-10,000 U per week) 


Decrease fibroblast proliferation in vitro, 
reduce extracellular matrix production, 
and increase collagenase 


Decreased curvature of 27%, 
resolution of pain in 67%,decreased 
plaque size by 54.6% 


Myalgias, flu-like symptoms, fever 


One placebo-controlled Trial showed 
an outcome benefit with interferon 
over saline 


External energy agents 


Mechanism 


Efficacy 


Side effects 


ICSM guidelines 


Penile ESWT (2,000 shocks 
weekly x 4) 


Local inflammatory reaction 
leading to plaque lysis, improved 
vascularity, plaque resorption and 
contralateral scarring 


Pain resolved in 53%, no benefit with 
regard to curvature or deformity 


Bruising, skin haemorrhage, 
haematoma, urethral bleeding 


Evidence that ESWT does not improve 
PD-related deformity 


Electromotive drug administration 
(EMDA)-lontophoresis (5-10 mg 
verapamil + 8 mg dexamethasone 
at 2.4 mA for 20 min) 


Decreased expression of bFGF mRNA 
and bFGF protein expression in excised 
Peyronie's plaques, verapamil same 
mechanism as intralesional 


45% had at least 50% reduction 
of curvature, 88% with complete 
resolution of pain 


Mild erythema 


Several controlled trials had evidence 
of reduced deformity following 
iontophoresis treatment using 
verapamil and dexamethasone 


Penile traction (2-9 hr per day) 


Tension-induced cellular proliferation, 
reorientation collagen fibrils, 
upregulation of ‘antifibrotic’ genes 


Decreased curvature of 33% 


Local irritation 


Early evidence from two small non- 
controlled prospective trials have 
reported a reduction of deformity 
and increased penile length 


ESWT = extracorporeal shock wave therapy; Gl = gastrointestinal; ICSM = International Consultation on Sexual Medicine; IIEF = International Index of Erectile Function; PD = Peyronie's disease; TGF = tumour growth factor. 
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Box 7.13.1 Peyronie's disease surgical algorithm 


I. When rigidity adequate preoperatively with or without oral 
pharmacotherapy: 


A. Tunica plication when: 
(i) curvature <60-70 degrees 
(ii) no destabilizing hourglass or hinge 
(iii) predicted loss of length <20% erect length 

B. Plaque incision/partial excision and grafting when: 
(i) curvature >60-70 degrees 
(ii) destabilizing hinge 

II. When rigidity suboptimal: penile prosthesis implantation 


A. Penis straight after implantation: no further straighten- 
ing techniques necessary 


B. Manual modelling: if persistent curvature after implant 
C. Tunica incision 
(i) without grafting: defect created by incision <2 cm 


(ii) with graft: defect created by incision >2 cm 


(I) Text extracts reprinted from The Journal of Urology, Volume 158, 

Issue 6, Laurence A. Levine and Eric L. Lenting, ‘A surgical algorithm for 
the treatment of Peyronie's disease, pp. 2149-2152, Copyright © 1997 
European Association of Urology, with permission from Elsevier, http:// 
www.sciencedirect.com/science/journal/00225347; (II) Text extracts 
reproduced from John Mulhall et al., ‘Original Research—Surgery: A 
Surgical Algorithm for Men with Combined Peyronie's Disease and Erectile 
Dysfunction: Functional and Satisfaction Outcomes, Journal of Sexual 
Medicine, Volume 2, Issue 2, pp. 132-8, Copyright © 2005 John Wiley and 
Sons. 


Penile prosthesis for men with Peyronie’s disease 

Insertion of a penile prosthesis in men with PD is indicated when 
there is concurrent ED refractory to PDES inhibitors.34° An algo- 
rithm for penile straightening with insertion of penile prosthesis 
with additional straightening manoeuvres is provided in Box 
7.13.1; 


Techniques for straightening when placing penile prosthesis 

for Peyronie’s disease 

An inflatable penile prosthesis appears to be the preferred surgi- 
cal implant, as the pressure within the cylinders allows for superior 
correction of curvature with manual modelling, as well as improved 
girth enhancement. Manual modelling is recommended with a 
high-pressure inflatable cylinder, but all available three-piece and 
two-piece devices have been used successfully to correct deformity. 
The penis is then bent in the contralateral direction to the curva- 
ture for 60-90 seconds.” The modelling technique should be done 
gradually with no direct pressure on the glans as this will reduce 
the likelihood of injury to the tunic or urethra by distal extrusion of 
the prosthetic cylinders.>25° Sensory deficits after manual model- 
ling are rare, but are a potential complication.*! An alternative to 
modelling would be to perform a tunic plication contralateral to 
the curvature before placement of the prosthesis.°? 


When there is residual curve of greater than 30 degrees or 
residual indentation causing the inflated cylinder to buckle, tunical 
incision with or without grafting is recommended. The tunical inci- 
sion is made with the cylinders deflated, using the cautery to release 
the tunic with an effort to preserve the cavernosal tissue over the 
implant.” Once the incision is made, the cylinders are re-inflated, 
and further modelling can be performed to optimize deformity 
correction. Grafting over the defect is recommended when the 
defect measures greater than 2 cm in any dimension. 

A novel approach has recently been described where a long- 
nose nasal speculum is placed into the intracorporal space and 
expanded, thus disrupting the scar in a radial fashion and then lon- 
gitudinal incisions with scissors or curved scalpel further disrupt 
the plaque. Sensory side effects are possible but not reported in over 
230 cases.*4 Additional manoeuvres do not appear to increase the 
rate of mechanical failure or infection.>! 

Preoperative discussion is also focused on the goal of obtaining 
‘functional straightness; in which a residual curvature of 20 degrees 
or less in any direction would likely not compromise sexual 
activity.°° 

The most common postoperative complaint is length loss, which 
has been confirmed objectively by Wang et al.°® Traction therapy 
used before penile prosthesis placement in men with PD may pre- 
vent further loss of length after prosthesis placement.>” See Table 
7.13.2 for a summary on the outcomes of penile straightening with 
penile prosthesis placement. 


Congenital curvature and chordee 


Introduction to congenital curvature and chordee 


Congenital curvature and chordee may exist in isolation or in con- 
junction with hypospadias. Congenital curvature and chordee have 
historically been considered separate entities, although, as dis- 
cussed below, they may have a common aetiology. 


Epidemiology 

The exact prevalence of congenital curvature is not known because 
firstly, mild curvatures cause no difficulty with intromission and, 
secondly, sexually naive subjects have no comparison, thus even 
painful intromission may be considered ‘normal: Those who pre- 
sent clinically are likely to represent a small fraction overall, as they 
are ones who have either noted the problem or who have had diffi- 
culty in coitus. A common presentation is that of unconsummated 
marriage.°* Reported prevalence ranges from 0.6-10% of live births 
and is more commonly associated with hypospadias.°?° 


Aetiology 


The aetiology of congenital curvature is discrepant growth between 
the relatively longer, elastic dorsal tunica compared to the ven- 
trum, while chordee can be due to skin tethering, fibrous dartos 
tissue, corporal disproportion, and urethral tethering.°! In true 
congenital curvature, relative overelasticity results in a long phal- 
lus.°4 An ultra-structural study® using tissue from the convex 
side as the study site and the concave side as a control, found that 
the convex side had a more irregular collagen pattern, with widen- 
ing, fragmentation, and more heterogeneous fibre size. Though 
most commonly ventral, chordee may manifest as a curvature in 
any direction. 
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Table 7.13.2 Summary of the outcomes of surgical straightening for Peyronie's disease with tunica albuginea plication, grafting, and insertion of 


penile prosthesis 


Procedure type Reference No. of patients Mean duration of Straight at latest Erectile dysfunction (%) Satisfaction rates (%) 
number follow-up (mo.) follow-up (%) 
Nesbit 94 218 89 86 12 84 
95 359 2 82 2 NA 
96 28 22 79 4 79 
97 9 3 NA NA 67 
Yachia 96 30 12 100 NA 83 
97 8 3 NA NA 63 
Tunica albuginea 98 124 3 85 6 96 
peanon 99 44 49 29 36 NA 
100 28 34 57 25 82 
101 29 34 JS] 38 81 
102 28 34 82 35 68 
33 22 20 91 3) NA 
Dermal graft 103 5 17 73 12 70 
393 50 45 94 NA NA 
Saphenous vein grafts 45 113 12 86 15 96 
04 M2 <18 96 I2 92 
05 50 oe 80 6 88 
Buccal mucosa 43 5 12 100 0 100 
06 26 38.4 92.3 Ty NA 
Proximal crura 07 7 6 857 0 85.7 
08 Bil NA 83.8 193 93.5 
09 27 NA 96.2 a7 70.4 
Tunica vaginalis 0 15 4-16 87.5 0 100 
il 25 42.2 88 68 NA 
Dura mater 2 40 P- 95 i5 NA 
3 40 12-24 100 25 NA 
Temporalis fascia 4 12 NA 100 0 100 
Fascia lata 5 14 31 79 7 93 
Pericardial graft 40 33 19 87.9 0 NA 
Stratasis graft 03 13 78 76.9 NA 84.6 
Small intestinal 42 19 15 63 55 NA 
submucosa (SIS) 16 162 38 91 9 NA 
Tutoplast pericardial 33 81 58 79 20 78 
eoi 46 19 22 84 16 74 
116 1 14 9 NA NA 
103 yl 19 91 0 NA 
Insertion of Reference Prosthesis No. of patients Mean follow-up Additional straightening Satisfaction rates (%) 
inflatable penile number type (months) manoeuvres (%) 
prosthesis 51 Inflatable 90 49 96 84 
50 Inflatable 138 NA 8 NA 
55 Inflatable 72 NA 8 67 
on Inflatable 5 22 100 100 
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Non-surgical approaches 


There is a paucity of studies addressing the non-surgical manage- 
ment of chordee. Androgen administration has been suggested as 
a potential treatment. The tunica albuginea of children with chor- 
dee has cytoplasmic androgen receptors and these receptors are not 
found in adults. In an effort to both understand aetiology and to 
treat congenital curvature, Catuogno and Romano administered 
either local androgens (to the convex side of the penis) or performed 
plication surgery in a non-randomized fashion to 70 subjects with 
ages ranging from four years to early twenties. They reported that 
younger subjects had 80-100% improvement of curvature, but this 
improvement was not seen in older patients (those over 15 years). 
On biopsies done at the time of surgery (in those who failed med- 
ical treatment or did not elect to undergo it), they found a rela- 
tive reduction in androgen receptors on the concave aspect of the 
penis and that overall androgen receptor numbers decreased with 
increasing age.®°” Despite the success of this medical treatment, at 
least in children, there are no similar reports in the peer-reviewed 
literature. 


Surgical techniques 


Plication approaches 

Many of the techniques that are currently used in the treatment 
of PD were originally developed for the correction of congeni- 
tal curvatures (Table 7.13.3).68-76 The classic, and possibly first, 
description of the issue is from the 1965 report by Nesbit on three 
patients. Essed and Schoeder described a modification of the 
Nesbit technique in 1985.68 Another evolution in surgical treat- 
ment was described by Yachia in 10 patients, 9 of whom had con- 
genital curvature. Another alternative was described by Baskin 
and Duckett in 19947 for over 180 cases of paediatric chordee, 
with or without hypospadias. Later, after more careful study of 
the penile structural anatomy and recognition that the adult penis 
generates much higher intracorporal pressures than the paediatric 
erection,’”!~74 the authors described a new technique for congeni- 
tal curvature.”° Another variation on this combined the location of 
the Baskin approach with the Yachia Heineke-Mikulicz principle.” 


Rotational approaches 


A different approach primarily used in the paediatric population 
involves a rotation of the corpora.’”~”? This approach is rarely 
employed in the treatment of adult congenital curvature because 


Table 7.13.3 Surgical techniques for correcting congenital curvature 


of the risk of urethral injury. Studies report good cosmetic results 
with few subjects requiring additional straightening manoeuvres 
and preservation of corporal length.°08! 


Grafting approaches 

It is intuitive to prefer an approach that preserves phallic size, par- 
ticularly in children with chordee who already may have a short 
phallus. Grafting approaches are particularly appealing when there 
is severe curvature, in which shortening the longer side of the cor- 
pora would further shorten the phallus. As discussed earlier in this 
chapter, the result of surgery have demonstrated a greater risk of 
compromised erectile rigidity, mainly due to venous leak while the 
gain in length is more theoretical than actual. A variety of graft 
materials have been used (see Table 7.13.4).8!-®4 Practice patterns 
vary widely.*> In one survey, 20 degrees of ventral curvature was 
considered ‘significant, with 75% recommending surgery, while 
99% recommend surgery at 30 degrees. Most recommend plica- 
tion if curvature is less than 40 degrees. At 40 degrees, there was an 
increased trend towards taking a ‘ventral’ (i.e. manipulation of the 
urethral plate or grafting) approach. 


Results of surgery 


One-hundred per cent (100%) of patients undergoing the Nesbit 
procedure had a subjective report of penile shortening versus 
73.5% undergoing multiple parallel plications (MPP).°° 

Seventy-four per cent (74%) of patients complained of subject- 
ive loss of length with the Essed-Schréder plication technique, 
although 78% described overall satisfaction with the procedure.8” 
A greater degree of penile curvature, as well as ventral curvature 
was associated with an increased per cent of mean length lost. 

Baskin and Lue’? reported a 10% recurrence rate, with at least one 
year of follow-up using the MPP technique with 80% satisfaction. 
Two patients (20%) requested reoperation for residual curvature 
of 15 degrees, which highlights the need for adequate preoperative 
counselling with regards to surgical outcomes. 

Leonardo et al.8° reported no recurrences following a Nesbit pro- 
cedure at a mean follow-up of 141 months; 50% of patients had no 
curvature and 50% had minimal curvature of less than 30 degrees. 
The same study reported a 15.8% recurrence rate requiring revi- 
sion) following the MPP technique. All of these recurrent cases 
were performed with use of absorbable suture and there were no 
recurrences when non-absorbable suture was used. Overall, with 


Year Author Technique No. of subjects Follow-up (months) Complications Suture 
1965 Nesbit®! Nesbit 3 6-12 One early pull through suture Silk 
with need for revision 
1985 Essed and Schroeder68  Plication (for PD, not 5 Not reported One patient complained of Non-absorbable 
chordee) penile shortening 
1990 Yachia6? Heineke-Mikulicz 10 Not reported None reported Absorbable 
1994 Baskin and Duckett”? Buried tunica albuginea 182 Not reported One repeat operation;six mild Absorbable 
residual curvature; 
1998 Baskin and Lue”? Midline pure plication 10 More than 12 months One early recurrence Braided 
non-absorbable 
2004 Giammusso’6 Midline Yachia 12 20 months One ED; one penile shortening 
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Table 7.13.4 Grafting techniques for congenital curvature 


Citation Technique Long-term follow-up? Complications/issues 

ENE: Dermal grafts 10-year average (52) Only three sexually active (of 16 total): one using intracavernous 
injections.? Short-terms study revealed no erectile dysfunction or 
loss of subjective penile length 

we Buccal mucosa No Two incomplete corrections (12 patients total) 

ponz Tunica vaginalis graft No Up to 60% complications? 

To= Small intestinal submucosa (SIS) No Higher rates of complications using 4-ply'4 


the MPP technique, 68.4% of patients had optimal correction, while 
31.6% had minimal deviation at the end of follow-up. Notably, 
there was no significant difference between the two techniques with 
respect to rates of severe or mild recurrence of curvature. 

Reoperation for recurrent curvature when using the Essed- 
Schroder tunical plication are required in approximately 12% of 
patients.®” In this study, 24% of patients had improved erectile 
function after correction of curvature and 24% had persistent ED; 
no patients had worsening of their ED. 


Suture choice 


The original description of the Nesbit technique used silk sutures, but 
there has been an interest in using absorbable suture to avoid palp- 
able knots. Traditionally, permanent sutures are utilized for penile 
plication because of the theoretical risk of recurrent curvature with 
suture failure or absorption. Patients were able to feel suture knots 
following the Essed-Schréder plication technique 50% of the time 
when using polytetrafluoroethylene suture, and as high as 88% with 
use of polypropylene suture.” Sutures were palpable in 75% and 
100% following plication corporoplasty and the Nesbit technique, 
respectively. Following the MPP technique, 100% of patients could 
palpate suture where braided non-absorbable suture was used.”° 

Recently, a randomized trial compared absorbable and non- 
absorbable sutures for corporal plication. Both sutures resulted in 
acceptable correction of the curvature in most patients.®* There 
was a trend favouring absorbable vicryl suture over non-absorbable 
nylon with regards to patient satisfaction. A significantly higher 
number of patients were able to palpate the suture material in the 
nylon group (39%) versus the vicryl group (6%). 

Non-excisional plication has been shown to have an 86% suc- 
cess rate with 15 degrees of residual curvature or less at six months 
postoperatively.®° About 28% of patients had suture failure but only 
half of these patients developed recurrent curvature and only a few 
felt it necessary to have a repeat operation. 

The rates of the palpable sutures being bothersome ranges from 
0-40%, regardless of suture material.”>°° Very rarely does the 
discomfort of the suture interfere with sexual intercourse, with 
reported rates of 10%.7° 


Psychosocial aspects 


Improvements in sexual relationships, overall relationships, confi- 
dence, libido, and satisfaction have been demonstrated with curva- 
ture correction.’ 9? Predictors of improvement included perceived 
straightness of the penis as well as preservation of penile length. 
In contrast, Cavallini and Caracciolo?? found that despite vast 
improvements in the ability to achieve vaginal intromission and 


subjective correction of curvature, patients’ interpersonal relation- 
ships, and rates of psychogenic ED did not improve. The authors 
cautioned that cosmetic surgery of the penis for the improvement 
of social relationships is of dubious value. 


Conclusions 


Peyronie’s disease, congenital curvature, and chordee are often 
physically and psychologically devastating to patients and can pose 
quite a challenge, even for an experienced urologist. Given the myr- 
iad of treatment options available from non-surgical to surgical, 
patient counselling and education are of paramount importance. 
Surgical correction appears to be the gold standard with a variety of 
approaches being used with reasonable success and a relatively low 
rate of severe complications.*4-!24 Managing patient expectations 
is important to achieve maximum patient satisfaction. With this 
in mind, the overall goal of the urologist and patient should be to 
restore adequate sexual function with functional straightness. 
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CHAPTER 7.14 


Male genital injury 


Giulio Garaffa, Salvatore Sansalone, and David J. Ralph 


Introduction to male genital injury 


Genital injuries in civilian centres are relatively rare and in this set- 
ting penile fracture represents the most common cause of trauma. 
The scenario is completely different in the battlefield where the use 
of protective torso armour, which guarantees a relative protection 
to the abdominal viscera, has led to the survival of patients with 
extremely severe injuries to pelvis, genitals, and lower limbs caused 
by fragmentation weapons. 

Surgical repair of genital injuries is critical as preservation of 
sexual and urinary function and cosmesis have a major impact on 
patient’s satisfaction, self-esteem, and ultimately, quality of life. 


Effects of trauma and protective 
mechanisms 


The pendulous portions of the penis and the scrotum have an 
incredible capacity to resist injury, as their flaccidity limits the 
effect of the kinetic energy. The proximal, fixed part of the penis 
is more prone to blunt trauma, which can occur as a consequence 
of pelvic fracture or straddle injury. However, there is a limit above 
which the kinetic energy and speed of the weapon cannot be 
absorbed adequately by the elasticity of the tissues and this is why 
blunt traumas, which usually occur in road traffic accidents, cause 
much less damage to the pendulous portion of penis and scrotum 
than firearm and stab injuries. Pelvic fractures with symphyseal or 
pubic ramus displacement instead can cause severe injury to the 
deep structures of the penis, including avulsion of the crura of the 
corpora cavernosa from its vascular and neural supply. 

While flaccidity represents a protective mechanism, rigidity ren- 
ders the penis more susceptible to trauma; this is because the tunica 
albuginea becomes thinner and more fragile as it is stretched dur- 
ing the erection. Furthermore, forcibly bending an erect penis leads 
to an exponential increase in intracavernosal pressures, which can 
lead to a fracture of the already stretched tunica albuginea. 

While on one hand the laxity of the genital skin plays a protective 
role, as it allows absorbtion of the kinetic energy during trauma, on 
the other hand rotating and suction devices can easily grab hold of 
a portion of the loose skin, which can be completely avulsed from 
the genitalia. 

The type of vascular supply to a particular region of the genitalia 
also plays an important role in defining the type of damage that 
will occur following an insult. In particular, ischaemic loss of the 
penis or testicles is rare and is usually seen only in cases of com- 
plete amputation or prolonged constriction injury, as these struc- 
tures receive blood supply from multiple sources, which need to be 


all compromised for ischaemia to occur. On the contrary, the skin 
receives its vascular supply only from the deep fascial layers and 
when these are affected total skin necrosis occurs. 

When managing genital trauma, it is paramount to identify pos- 
sible associated bony, vascular, bowel, and urinary tract injuries, 
which are present in up to 83% of cases, and which require immedi- 
ate treatment as they may be potentially life-threatening. The man- 
agement of the genital trauma should be deferred to a later stage, 
when associated injuries have been successfully dealt with and the 
patient’s condition is stable. 

Usually urethral injuries can be suspected by the presence of 
blood at the level of the urethral meatus and by the inability to void. 
These should be confirmed with a retrograde urethrogram. 

The presence of haematuria indicates possible insult to the 
bladder or upper urinary tract, especially in patients who have 
sustained blunt abdominal trauma or penetrating stabbing and 
firearm injuries. 


Types of injury 

Classification of genital injuries is extremely complex, as an offend- 

ing mechanism can lead to a broad spectrum of lesions and the 

same type of lesion can be produced by different causes. 
According to the offending mechanism, genital injury can be 

subdivided in the following six categories: 


Bites 


Although bites are quite common, with almost 50% of the Western 
world’s citizens treated at least once in their lifetime, genital injuries 
resulting from human or animal bites are rare and mostly presented 
in individual case reports. 

The main problem in patients who have suffered a bite is the risk 
of infection, which occurs in up to 30% of cases, usually in the first 
48 hours after the injury. Therefore accurate surgical debridement 
of all non-viable tissue and removal of any foreign body, irrigation 
of the wound with antiseptic solution and administration of broad- 
spectrum antibiotics is mandatory, even when there is no evidence 
of infection. Vaccination against tetanus or rabies might be also 
indicated. Human bites also carry the risk of transmission of sexu- 
ally transmitted diseases such as HIV, herpes, and hepatitis. 

With regards to surgical management, injuries should be initially 
treated conservatively with suturing and dressing. With the excep- 
tion of complete amputation of the penis, which warrants imme- 
diate microsurgical anastomosis, reconstruction should not be 
attempted until the risk of infection has been ruled out and when 
the extent of necrosis has become obvious. 


Penetrating injuries to the genitalia due to gunshot 
wounds and stabbing 


During wartime, penetrating gunshot wounds account for two- 
thirds of all urologic injuries, while in civilian centres this type of 
injury is relatively rare. Up to 80% of patients with penile stabbing 
and gunshot wounds have associated injuries, usually involving 
scrotum, thighs, pelvis, and buttocks, which usually must be dealt 
with before addressing the genital injuries. 

Important differences exist between military and civilian gunshot 
wounds; in particular, military injuries are typically caused by high 
velocity projectiles, which inflict much greater damage and cause 
more tissue loss than that seen in civilian centres, where bullets have 
a relatively low velocity. Due to the significant tissue loss observed 
in military injuries, immediate repair is frequently not feasible and 
patients may require urinary diversion followed by delayed repair. 

In case of penetrating genital injuries, the penile shaft is the 
most commonly affected structure followed by the scrotum and the 
urethra. A retrograde urethrogram should be always performed 
to rule out urethral injury, which is present in up to 50% of cases 
and prompts urinary diversion with a suprapubic cystostomy and 
urethral repair. 

Penetrating wounds due to stabbing and bullets require immedi- 
ate exploration, removal of any residual foreign material and sur- 
gical reconstruction in order to guarantee adequate cosmetic and 
functional results. In general, the type of surgical repair is tailored 
to the type and extent of injury and should take account of the 
blood supply to the area. 

In distal penile trauma, a circumcising subcoronal incision guar- 
antees adequate exposure of the corpora cavernosa, allows identifi- 
cation of the exact site of injury and identifies urethral involvement 
where present. In patients who have experienced a proximal pen- 
ile injury instead, a penoscrotal approach should be performed. 
Ideally, small corporeal defects should be repaired primarily with 
the use of interrupted absorbable sutures while larger defects, such 
as those produced by high velocity projectiles, may require the 
interposition of a graft. Urethral injuries should be repaired pri- 
marily with interrupted absorbable sutures over a silicone catheter, 
which should be left in situ for three weeks. 

Testicular ruptures are not uncommon and require immediate 
repair of the tunica albuginea, a manoeuvre that preserves the tes- 
ticles in up to 80% of cases if performed within 48 to 72 hours of 
the injury. After 72 hours, or if the reconstruction is not possible 
due to the presence of diffuse necrosis, simple orchiectomy is the 
only option. 


Burns and necrotizing infections 


Although genital burns in isolation are very rare, genitals are 
involved in up to 5-13% of cases in the presence of extensive body 
burns. Automobile and industrial accidents are the most frequent 
causes of burns in the genital area. The severity of the burns dic- 
tates the type of management required. First- and second-degree 
burns usually can be managed conservatively, while debridement of 
necrotic tissue and reconstruction with the use of local flaps and 
skin grafts is necessary in case of third-degree burns (Fig. 7.14.1). 
Meshed split-thickness skin grafts are ideal for scrotal reconstruc- 
tion as they take well and heal mimicking the rugae present on the 
scrotum, although they play little if no role in the thermoregula- 
tion of the testicles. The penile shaft instead should be repaired with 


CHAPTER 7.14 MALE GENITAL INJURY 


full-thickness skin grafts harvested from non-hair bearing areas 
of the body; this is because full-thickness grafts tend to heal with 
less contracture than their split-thickness counterpart and there- 
fore allow the physiological girth and length expansion during the 
erections. 

Necrotizing fasciitis, also known as Fournier’s gangrene, is the 
most common cause of genital skin loss, accounting for up to 75% 
of cases. This condition usually occurs in the immunocompro- 
mized patient and the sources of infection are perirectal abscesses 
and urethral strictures and fistulas. 

Early recognition and aggressive surgical debridement of all 
infected and necrotic tissues are mandatory in these patients in 
order to guarantee the best outcome. Reconstruction should be 
delayed until the wounds appear clean and granulating and requires 
the use of flaps and skin grafts to repair the tissue defects, as previ- 
ously described. 


Blunt trauma 


The vast majority of blunt trauma results from sporting and traffic 
accidents and can be managed conservatively. Injury occurs when 
the testis is pushed violently against a bony structure, leading to 
testicular contusion or rupture, or when the erect penis is forcibly 
bent, causing a penile fracture. 

In scrotal blunt trauma, testicular rupture should be excluded 
with an ultrasound scan, as immediate surgical repair allows 
testicular preservation in up to 80% of cases. If not treated 
promptly, testicular rupture leads invariably to testicular atrophy 
(Fig. 7.14.2). 

Penile fracture is the most common type of penile trauma and 
can be defined as rupture of the tunica albuginea of the corpora 
cavernosa following blunt trauma to the erect penis. Hitting the 
female pelvis during enthusiastic sex or vigorous masturbation 
are the most common causes of penile fracture. It usually occurs 
in the erect state, when elongation and thinning of the tunica 
albuginea occurs and the most common location is the ventro- 
lateral aspect of the penis, where the tunica is weakest, being uni- 
layer in this area. 

The clinical features of penile fracture are a snapping sound fol- 
lowed by immediate detumescence, swelling, and shaft contusion. 
If Buck’s fascia has been breached, the haematoma tracks to the 
base of the shaft and spreads to the perineum, scrotum and lower 
abdomen (butterfly sign) (Fig. 7.14.3). 

Isolated rupture of the urethra or of the deep dorsal vein of the 
penis can give a similar picture and therefore must be excluded 
with accurate history taking, examination, and imaging. 

A concomitant urethral injury is present in up to 30% of cases 
and should be ruled out with a retrograde urethrography; blood at 
the urethral meatus, difficulty to pass urine, or inability to intro- 
duce a catheter are obvious signs, but they may not be apparent 
even when the urethra has been completely transected. 

Conservative management of penile fractures has now become 
obsolete, as it is associated with formation of chordee, pseu- 
doaneurysms of the corpora, penile deviation, and erectile 
dysfunction. 

Therefore the modern management involves early surgery, which 
can be carried out either through a circumcising subcoronal or a 
penoscrotal approach and allows identification and repair with 
absorbable sutures of the corporal tear and any associated urethral 
injuries. 
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(A) 
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Fig. 7.14.1 Third-degree electrical burn involving the genitalia, previously repaired with a split-thickness skin graft. (A) Initial presentation of the patient after skin 
grafting. (B) Magnetic resonance imaging showing intact corpora cavernosa trapped underneath the skin graft. (C) The corpora are released and prepared for grafting; 
and (D) final result after penile reconstruction with the use of a full-thickness skin graft. 


Fig. 7.14.2 Blunt scrotal trauma with testicular rupture. (A) The exposed testis presents a transversal breach of the tunica albuginea and the parenchyma is visible. 
(B) The tunica albuginea is repaired with a desorbable suture. 


Fig. 7.14.3 Penile fracture with breach of Buck's fascia. The haematoma extends 
under the skin of the shaft and the scrotum. 


Since subocoronal incisions and degloving are associated with 
significant complications such as haematoma formation, skin 
necrosis, and postoperative oedema, the procedure should be car- 
ried out through a small skin incision placed above the fracture 
site, which should have been precisely located with an ultrasound 
scan or magnetic resonance imaging. As more than two-thirds of 


Fig. 7.14.4 Identification of the location of the rupture of the tunica albuginea. 
(A) Ultrasound scan of the corpora cavernosa identifying the rupture of the 
tunica albuginea and the associated haematoma. (B) Magnetic resonance imaging 
documenting the site of rupture of the corpora cavernosa. 


4 MALE GENITAL INJURY 


Fig. 7.14.5 A penoscrotal approach guarantees an excellent exposure of 
all proximal ruptures. The urethra can be easily assessed and has not been 
breached. 


all fractures occur at the base of the shaft, a penoscrotal incision 
represents the access of choice in the majority of patients (Figs 
7.14.4 and 7.14.5). 

Long-term outcomes after early surgical repair are very encour- 
aging with penile curvature and erectile dysfunction reported by 
only 5% and 1% of patients, respectively. 

Another relatively common form of genital trauma is suspensory 
ligament rupture, which occurs when the erect penis is forcibly bent 
downwards during enthusiastic sex. Patients typically feel a ‘snap- 
ping’ sound and notice a degree of instability of the penis, which 
is directly related to the degree of damage occurred to the suspen- 
sory ligament. A noticeable gap between the base of the penis and 
the pubic bone is a common finding. This condition can be easily 
differentiated from rupture of the corpora cavernosa, as detumes- 
cence, swelling, and shaft contusion usually do not occur. 

Suspensory ligament rupture does not require immediate surgi- 
cal intervention, as the suspensory ligament does not play a key role 
in the male genitalia. Suspensory ligament repair is usually offered 
electively only in patients who complain of instability of the penis 
or have developed secondary erectile dysfunction. 


Avulsion injuries usually result from a rapid deceleration in which 
the loose, elastic skin of the genitalia is caught in clothing or is 
trapped in rotating and suction devices and traumatically ripped. 
Due to the inherent elasticity of the genital skin, typically only the 
skin and Dartos fascia are avulsed. 

Minor avulsions injuries, such as rupture of the frenulum during 
vigorous masturbation or enthusiastic sex, can be managed as sim- 
ple lacerations, with immediate primary closure in layers after the 
administration of broad-spectrum antibiotics (Fig. 7.14.6). 

In cases of complex avulsion, debridement should be limited to 
the obviously non-viable tissue and the skin edges should be reap- 
proximated. Delayed debridement and reconstruction with the use 
of local flaps or skin grafts is often necessary in these cases. Due 
to its intrinsic elasticity, scrotal skin reconstruction can be almost 
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Fig. 7.14.6 Minor traumatic genital skin avulsions. (A) A preputial laceration; (B) chronic traumatic tears due to a relatively short frenom; and (C) acute frenular tear 


requiring immediate surgical repair. 


always accomplished with primary closure, while full-thickness 
skin grafts are frequently necessary for penile skin repair. 


The spectrum of genital amputation spans from mild forms, such as 
circumcision and dorsal preputial incisions, to the total amputation 
of the genitalia. 

Penile and testicular amputation are rare injuries, which usu- 
ally occurs as a result of assault or is self-inflicted by patients 
with psychosis or unresolved transsexual and religious issues 
(Fig. 7.14.7). 

Once the patient has been resuscitated, conservative sur- 
gery should always be attempted; preservation of the genitals 
for up to 24 hours is possible if they are wrapped in a saline- 
soaked gauze in a sterile bag and maintained refrigerated in an 
ice-slush bath. 

With regards to the penis, microscopical reconstruction of the 
dorsal penile nerves, arteries, and veins is required after replan- 
tation of the corporeal bodies and of the urethra. Anastomosis 
of the cavernosal arteries is technically difficult and should be 
avoided, as it leads to further cavernosal scarring, as the vessels 
have to be dissected to be prepared for the anastomosis, and is 
not associated with improved outcomes, in terms of postopera- 
tive erectile function. If reconstruction is not feasible, the distal 


Fig. 7.14.7 Complete amputation of the penis. The transected corpora cavernosa 
and spongiosum are visible. 


corpora are sutured in around fashion and the urethra spatulated 
on the tip of the stump. Stump advancement with division of 
the suspensory ligament or total phallic reconstruction can be 
offered at a later stage in highly motivated patients (Figs 7.14.8 
and 7.14.9). 


(C) 


Fig. 7.14.8 Delayed penile reconstruction with the use of skin graft following partial traumatic amputation. (A) The distal corpora cavernosa are exposed and prepared 
for grafting. (B) A pseudo-glans is fashioned with the use of a split-thickness skin graft, which is placed on the tip of the corpora, after adequate spatulation of the urethral 
distal end. Extra penile length can be achieved with the division of the suspensory ligament. (C) The final result. 
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Fig. 7.14.9 Total phallic reconstruction with the use of a sensate forearm free flap 
based on the radial artery gives superior cosmetic and functional results. 


Outcomes after microsurgical reattachment of the penis are 
surprisingly good, with more than 80% of patients reporting 
good postoperative quality of erections, and adequate sensation. 
Postoperative urethral fistulas and strictures have been described 
respectively in up to 10% and 20% of cases. Skin necrosis is the 
most common complication and occurs in up to 55% of cases and 
requires debridement followed by repair with the use of a full- 
thickness skin graft. 
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CHAPTER 7.15 


Scrotal swelling 


Ates Kadioglu and Emre Salabas 


Introduction to scrotal swelling 


Scrotal swelling is a common condition encountered in urology and 
includes a variety of different diseases. (Table 7.15.1) The swelling 
may originate from testicles, epididymis, tunical layers, or the scro- 
tum wall itself. Emergencies usually present with pain and short 
onset time while malignant lesions are usually smooth, solid, and 
painless. All should be regarded as malignant lesions until proven 
otherwise. Differential diagnosis and surgical treatment of the scro- 
tal swelling will be described with a focus on benign pathologies. 


Embrology 


The descent of the testicle from the abdomen to the scrotum hap- 
pens via the external and internal inguinal rings at gestational 
week 28. The peritoneum is extended in the process forming a vagi- 
nal conduit, the processus vaginalis, which usually closes in the first 
year of life. This conduit separates the peritoneal and vaginal cavi- 
ties and the tunica vaginalis has both parietal and visceral layers, 
facing the inner scrotal wall and the tunica albuginea respectively 
(Fig. 7.15.1). 


Hydrocele 


Aetiology and diagnosis 

A Hydrocele is an abnormal collection of serous fluid around the 
tunica albuginea of the testis and within the tunica vaginalis. The 
etymological roots of the word are based on hydros (water) and kele 
(mass). The cause in adult patients is the excessive fluid secretion 


Table 7.15.1 Differential diagnosis for scrotal swellings 


Scrotal swelling—differential diagnostics 


Benign Malignant Emergencies 
Sebaceous cyst Testicular tumours Epididymitis 
Epididymal cyst Seminoma Orchitis 


Sperm granuloma Embryonal cell Testicular torsion 


Hydrocele Yolk sac Trauma 
Varicocele Teratoma Necrotizing fasciitis 
Genital lymphoedema Lymphoma 


Source: data from Chapter 16: ‘Urological Surgery and Equipment; in Albala DM et al. (Eds), 
Oxford American Handbook of Urology, Oxford University Press, New York, USA, Copyright 
© 2011 Oxford University Press Inc. 


Fig. 7.15.1 Inspection of scrotal swelling (left hydrocele). 


of the tunica vaginalis accompanied by inadequate reabsorbtion. In 
children a communicating hydrocele may be present as a result of a 
patent processus vaginalis in the first 18 months of life and its treat- 
ment method should be similar to herniorrhaphy. While primary 
hydrocele is the most common variant, it may also occur second- 
ary to trauma, infection, non-specific/tuberculous epididymitis, or 
tumours. Dissection of the spermatic vessels in renal transplant- 
ation, obstruction of the lymphatic system in inguinal or pelvic sur- 
gery, or a thickened tunical wall infested with filariasis are also less 
common causes of a secondary hydrocele.?-4 

Physical examination of a standing patient should be performed 
to exclude an inguinoscrotal hernia and to palpate the tense, pain- 
less, hemiscrotal swelling. Differential diagnoses include epididy- 
mal cyst and testis tumour, which may require scrotal ultrasound 
to differentiate them. Radiologic confirmation of the absence of the 
tumour is required because a secondary hydrocele accompanies 
10% of testicular malignancies. Transillumination of a hydrocele or 
spermatocele under light illumination is a characteristic sign and is 
absent in tumours. 


Indication of surgery 


Surgery is indicated in the presence of symptoms such as discom- 
fort, pain, disability due to the size and cosmetic problems. Patients 
should be informed about possible complications. Surgical treat- 
ment is the gold standard for young healthy patients with its high 
success and low complication rate (Fig. 7.15.2). 
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Fig. 7.15.2 Preoperative and intraoperative image of hydrocele. (A) Physical examination of tense, hemiscrotal swelling indicating hydrocele. (B) Intraoperative image of 


hydrocele sac containing entrapped fluid. 


Preoperative preparation 


The penoscrotal area should be shaved and draped after disin- 
fection with antiseptics. General or regional anaesthesia can be 
used, as well as local anaesthesia with additional pre-medication. 
The genital branch of the genitofemoral nerve is located 
through the cord and local anaesthesia such as 1% lidocaine 
(7-10 mL) solution injected into the stretched cord and the intra- 
dermal area of the incision. No antibiotic prophylaxis is required. 
Bipolar forceps may be necessary for coagulation with minimal tes- 
ticular trauma.!4 


Surgical techniques 


A small transverse or midline scrotal incision facilitates delivery of 
the testis. In patients under local anaesthesia, pain in the flanks may 
be seen following traction of the cord. The hydrocele sac should be 
opened and completely dissected free from the testis after aspir- 
ation of the fluid. 


Andrews/Jaboulay technique 

In this technique, delivery of the testis is made through a 3 cm inci- 
sion from the vaginal tunica prior to eversion of the hydrocele sac 
around it. The edges of the sac can be wrapped around the cord or 
left open. The scrotal closure should be done with two layer sutures, 
one for dartos and one for the skin. 


Winkleman technique 

The difference here is the greater resection of the sac leaving only 
a cuff around the testis. The free edges of the sac should be closed 
by a running suture around the cord for haemostasis with the help 
of electrocautery of the edges. The closure is again done with two 
layers. 


Lord technique 

In this technique, the incision length should be short enough for 
the delivery of testis. Prior to the placement of an Allis forceps 
around the edges sac, the tunical vagina should be opened with- 
out further dissection. Then circumferential (radial)plication of 
the tunica vaginalis is performed with multiple 2-0 or 3-0 absorb- 
able sutures with 1 cm intervals between them and the bites. After 


the sutures are tied, the sac will resemble a collar around the testis 
and epididymis. The Lord technique should not be used for thick, 
multiloculated, and infected hydrocele sacs as the plicated bundle 
remains in the scrotum. The scrotum is closed, in two layers. 14 


Success and complications 


Haematoma is the most common complication of the surgery fol- 
lowed by infection, persistent swelling, recurrence, spermatic vessel 
injury, and chronic pain. The excision technique has the highest 
complication and lowest recurrence rate. The overall complication 
rate is 19%. In large hydroceles, meticulous dissection should be 
applied to prevent possible trauma to the epididymis, vas or testis, 
and cause infertility as a result.° 


Postoperative care 


Although no drainage is required for these techniques, a Penrose 
drain may be inserted through a separate incision cases where 
there is hemostasis difficulties. The scrotum should be supported 
by a standard scrotal support. The scrotal swelling and pain may 
be decreased with the intermittent application of an icepack for 24 
hours and oral analgesics. 


Alternative treatments 


In congenital hydroceles without concomitant hernia, the ini- 
tial treatment is observation as it will resolve in most the patients 
after the first year. For the patients with an acquired symptomatic 
hydrocele but who are inappropriate for the surgery, an alternative 
treatment may be considered. Tetracycline (500 mg) insertion to 
the cavity as a sclerosant following aspiration of the fluid is possible 
although pain is common as is recurrence.° Ethanolamine oleate, 
polidocanol, sodium tetradecyl sulphate, phenol solutions (2.5%), 
and alcohol solutions (95%) have all been used sclerosant agents. 
Testicular loss, infection, pain, infertility, chemical epididymo- 
orchitis are reported side effects of this treatment and it is not rec- 
ommended for healthy young males. 

Recently 2-4 ml polidocanol (30 mg/mL) was administered to 
the 224 patients up to four times with a 94% satisfaction rate and 
only mild compliations.” Three per cent (3%) polidcanol was used 


in 190 patients with an overall cure rate of 83%, and a recurrence 
rate of 41% without any pain. In a randomized controlled pro- 
spective trial in 90 patients, hydrocelectomy had a significantly 
higher postoperative fever (26.7% vs. 6.7%, p <0.05), infection 
(p <0.05), and satisfaction rate (95% vs. 62%, p <0.05) in compari- 
sion with sclerotherapy.? 


Epididymitis 

The epididymis may be palpated posterior to the testis. Increased 
size, induration, and pain imply epididymitis. In the acute phase of 
the disease, the testis and epididymis are palpated as an en bloc cor- 
pus and they may also adhere to a red, tender scrotum. Chlamydia 
trachomatis, Neisseria gonorrhoeae, Escherichia coli are the most 
common bacterial causes of the disease. Tuberculosis, schistosom- 
iasis, and non-specific chronic epididymitis may cause chronic 
painless induration while pyuria, thick seminal vesicles, nodules in 
the prostate, and beads in the vas deferens are additional signs of 
tuberculosis.1° 


Spermatocele 
Aetiology and diagnosis 


The origins of the word ‘spermatocele’ come from the words ‘sper- 
matos’ and ‘kele, sperm, and cyst in Greek. It is a smooth, painless 
cystic structure originating from an efferent duct of rete testis and is 
filled with a milky fluid containing spermatozoa. Although it tran- 
siluminates in the same way as a hydrocele, the cysts are present 
outside of the vaginal tunica and may be incidentally diagnosed 
with ultrasonography in 30% of the patients.!! Although clinical 
signs are adequate for diagnosis, ultrasonography may be neces- 
sary in case of impalpable testis with a huge or multiple epididymal 
cysts. Differential diagnosis is similar to hydrocele and other scrotal 
swellings. 

The likely aetiology of the spermatocele is obstruction of epididy- 
mal ducts asa result of blockage by the shredded immature germ cells 
originating from seminiferous epithelial cells, leading to proximal 
dilation. Although trauma, infection, and inflammation are pos- 
sible causes most cases are idiopathic. A spermatocele may origin- 
ate from any point along the epididymis but the cephalo-posterior 
part of the testis is its most common location. Most of the time 
a spermatocele is palpated as scrotal swelling separate from the 
testis.3-4 


Management 


Pain, discomfort, and disability due to large size (>4 cm) and sus- 
picion of malignancy are primary indications for surgery. In case of 
pain, patient should be informed the possible persistence of pain 
and high recurrence rate.!! 


Surgical treatment 


The preoperative preparation and postoperative care is same as for 
hydrocele and are described above. General anaesthesia should be 
preferred for microscopic spermatoselectomy. 

A scrotal transverse or midline incision is preferred for the ini- 
tial approach. The surgical objective is removal of the intact cystic 
structure following sharp dissection and ligation of the epididymal 


CHAPTER 7.15 SCROTAL SWELLING 


duct without harming the testis or epididymis. The defect is be 
closed by approximation of the edges or placing fascia or tunica in 
the area. Hydrocelectomy may be necessary in some cases. A par- 
tial or total epididymectomy may be necessary in cases of severely 
adhesive spermatocele.!4 


Microsurgical spermatoselectomy 


The technique uses up to 25x magnification. The efferent duct is 
ligated with a 5-0 or 6-0 absorbable suture prior to spermatocele 
removal. The epididymis is inspected for possible tubule trauma, 
leakage, or cauterization. Cystic fluid is examined under 400x 
magnification to differentiate a spermatocele from an epididymal 
cyst. Epididymal tunica is reapproximated with 9-0 interrupted 
monofilament sutures and the tunica vaginalis and scrotal skin is 
closed in the conventional fashion. Preservation of epididymis is 
confirmed by the absence of epidiymal tissue in cystic pathology 
specimen.!! 


Results of surgery 


Haematoma of the scrotum is the most common complication. 
Infections of the wound, scrotal abscess, haematocele, testicu- 
lar atrophy, reduced fertility, recurrent hydrocele or spermatocele 
are the other possible complications (10-30%).* A high epididy- 
mal injury rate (17-50%) has been reported in patients and it may 
cause an obstruction to sperm transit.!? Success rates are high with 
a low incidence of recurrence (5-10%). In a study of 23 patients 
who underwent microsurgical spermatoselectomy, a single scrotal 
haematoma was the only reported complication (5%) with neither a 
reduction in sperm quality nor testicular atrophy or any other com- 
plications. Other scrotal pathologies accompanying spermatocele 
in this study were grade 2-3 varicocele (35%), hydrocele (26%) and 
congenital vasal aplasia (9%). None of the cases reoccurred after 
the surgery.!? 


Alternative treatment 


Percutaneous aspiration and the sclerotherapy of the cyst are not 
recommended because of the risk of epididymal obstruction, 
chemical epididymitis, and recurrence. In a study of 28 patients 
with spermatocele, aspiration with sodium tetradecyl sulphate 
injection provided 85% patient satisfaction and may be considered 
for older patients. 13-14 


Sperm granuloma 


Sperm granuloma is a complication of vasectomy seen in 1-10% of 
the patients. They are located at the ligation site of the vas deferens 
as small, hard, and tender swellings. A pea-shaped swelling super- 
ior and distinctly separate from the testis is palpated in a standing 
patient and inguinal hernia should be excluded in this examination. 
Sperm granuloma may be confused with epididymal cyst and the 
transillumination test should not be depended on. Although his- 
tory of casectomy may help diagnosis, in some cases diagnosis can 
be made only at the time of the surgery. 

Surgery is indicated for a discomforting, painful granuloma. The 
surgical excision principles are similar to epididymal cyst removal 
but the patient should be forewarned about recurrence risk and 
scrotal pain.? 
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Varicocele 


A varicocele is the abnormal dilation of internal spermatic veins 
within the pampiniform plexus. It is found in 15-20% of healthy 
males and 40-70% of infertile patients.!5 Patients present with 
either infertility or inguinal pain. Almost all of the cases are left- 
sided but bilateral varicoceles are seen in 15-50% of the patients. 
Varicoceles cause progressive testicular damage, testicular 
development disorder (in adolescents), and reduction in sper- 
matogenesis as a result of the elevated testicular temperature free 
radical formation and, venous reflux. 

The diagnosis of varicocele is by physical examination with the 
findings on scrotal examination of the ‘bag of worms’ appearance. 
Venous blood flow reversal with the Valsalva manoeuvre or sperm- 
atic vein diameters of 3 mm or greater on Doppler ultrasound 
supports the diagnosis of varicocele but is not necessary (see Fig. 
7.15.3).!© A clinical grading system is outlined below: 


Subclinic (only shown with Doppler ultrasound): 


Grade 1: palpable during Valsalva manoeuvre, but not otherwise 
Grade 2: palpable at rest, but not visible 
Grade 3: visible and palpable at rest 


Classification of varicocele reproduced with permission from Patrick J. Rowe et al, 
WHO Manual: For the standardized investigation, diagnosis and management of the 
infertile male, Cambridge University Press, Cambridge, UK, Copyright © World Health 
Organization 2000. 


Varicocelectomy is indicated in males with clinical varicocele 
(grade 1-3), subnormal semen parameters, fertile partners, who 
are infertile for two years. In adolescent patients the indication is 
progressive failure of testicular development documented by serial 
physical examinations or ultrasound assessment of testicular vol- 
ume. Pain is a subjective indication for surgery and is not recom- 
mended in guidelines. 

The main principle of the surgery is the ligation of internal and 
external spermatic veins while preserving arterial and lymphatic 
vessels. Microscopic inguinal or subinguinal varicocelectomy is the 
recommended technique with minimal recurrence and complica- 
tion rate and substantial increase in semen parameters and spon- 
taneous pregnancy (see also Chapter 7.2).!7 


Testicular tumours (see also Chapter 6.33) 


The incidence of testicular tumours is 3-10/100,000/year and 
they constitute 5% of urological tumours.!* Epidemiologic risk fac- 
tors are undescended testis, Klinefelter’s syndrome, familial history 
of testicular tumours among first-grade relatives, the presence of 
a contralateral tumour or intraepithelial tumour and infertility. 
Although initial surgical intervention may be performed in any 
urology clinic, improved relapse and overall survival rates has been 
reported for patients who received all the treatment in a reference 
centre.!9 

Most cases present with a unilateral painless testicular mass or 
with incidental ultrasound findings in their third decade.”° Physical 
examination of scrotum, abdomen and lymph nodes should be per- 
formed in conjunction with scrotal ultrasound. Serum markers of 
AFP, B HCG, LDH should be determined. 


hn 


Fig. 7.15.3 Varicocele (Grade 3). 


Surgical treatment is by radical orchidectomy with division of the 
spermatic cord at the internal inguinal ring. Further treatment is 
dealt with in Chapters 6.33-6.35. 


Scrotal lymphedema 


Scrotal lymphedema is an uncommon condition consisting of 
scrotal wall oedema, thickening, enlargement, and inflammation 
as a result of the obstruction of lymphatic ducts connected to the 
scrotum. The obstruction can be primary (congenital malforma- 
tion of lymphatic system) or secondary (parasitic infestation, iat- 
rogenic trauma after surgery, malignant lesions, post radiotherapy, 
lymphadenectomy) and it can result in a significant reduction in 
quality of life as a result of difficulties in voiding, mobilization, sex- 
ual intercourse, and local hygiene. Wuchereria bancrofti is the most 
common parasite leading to filiriazis and secondary giant recurrent 
lymphedema (Fig. 7.15.4).?! 

Surgery is indicated in all cases of moderate to severe genital 
lympedema.?? 

The preoperative preparation and postoperative care is same as 
for hydrocele.4”* Broad spectrum antibiotics are used for surgical 
prophylaxis. 

Surgical treatment can be ablative with excision of excess skin 
and soft tissue or physiologic with creation of new channels for 
lymphatic fluid transportation. 

In ablative surgery, skin grafting or primary closure is recom- 
mended for moderate/severe cases. Local flaps harvested from the 
thigh area or remnant skin are preferred for closure. Recently split 
thickness skin grafts harvested from radial and femoral regions have 
also been. 

Lymphaplasty is performed by creating a lymphatic shunt 
between obstructed ducts and the superficial or deep inguinal lym- 
phatics to increase the drainage. The technique can be performed in 
mild/moderate cases but the patient should be forewarned of pos- 
sible recurrence. 
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Fig. 7.15.4 Preoperative and postoperative lymphedema. (A) Scrotal lymphedema with thickened, enlarged and edematous scrotal wall. (B) Early postoperative photo 


of scrotal lymphedema. 


In a recent study investigating patients who underwent ablative 
surgery and grafting, 100% cosmetic and satisfaction rate has been 
achieved with a 25% scrotal infection rate.?! 
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CHAPTER 7.16 


Penile reconstruction 
Giulio Garaffa and David John Ralph 


Introduction to penile reconstruction 


Although the last decades have been characterized by the continu- 
ous evolution of reconstructive surgery and in particular of free 
tissue transfer techniques, repairing and reconstructing the penis 
remains anatomically, functionally, and aesthetically a great chal- 
lenge. This is due to the unique architecture of the penis and to 
the absence in the whole human body of an alternative tissue that 
could adequately replace the corpora cavernosa in terms of colour, 
texture, structure, and ultimately, function. 

In the patient who wishes to be sexually active, the primary goal 
of penile reconstruction is the creation of a cosmetically accept- 
able result that adequately resembles the natural features of a penis, 
including the capacity to void and ejaculate from the tip of the 
phallus and to engage in penetrative sexual intercourse with appro- 
priate tactile and erogenous sensation. 

This chapter will give an update in penile reconstruction, span- 
ning from glans resurfacing to total phallic reconstruction in the 
case of amputation, aphallia, or micropenis. 


Principles in penile reconstruction 


Due to the unique characteristics of penile tissues, in cases of pen- 
ile trauma, avulsion, partial, or complete excision, surgical repair 
should be immediate with preservation of as much viable tissue as 
possible. In particular, unless diffusely affected by chronic benign 
or malignant conditions such as lichen sclerosus (LS), carcinoma 
in situ (CIS) or squamous cell carcinoma (SCC) of the penis, genital 
skin should be used for primary repair, either in the form of a flap 
or of a skin graft (SG). This will guarantee a more realistic result in 
terms of texture and colour. 

Even in cases of traumatic amputation with complete transection 
of the corpora cavernosa and spongiosum, microsurgical replanta- 
tion can be successful if the penis is maintained in cold ischaemia 
for periods of up to 16 hours. 

If primary repair with genital tissue is not feasible, either as a 
consequence of the lack of viable tissue or because the reconstruc- 
tion is performed electively as a delayed procedure rather than in 
the acute setting, non-genital SGs, and a variety of local and free 
flaps are available for genital reconstruction. 


Principles of skin grafting 


Genital and non-genital skin grafts have been widely used for the 
reconstruction of the external male genitalia. Grafting consists of 
transferring tissue without bringing its own blood supply with it 
and therefore grafts initially rely on plasmatic imbibition from the 
recipient bed to survive until new vessels begin to grow into the 


transplanted skin. This process, called capillary inosculation, usu- 
ally occurs within 36 hours. 

In order to guarantee adequate plasmatic imbibition and capil- 
lary inosculation and ultimately a full graft take, the graft needs to 
be adequately secured to the recipient bed to prevent its movement 
and steps taken to prevent the formation of collections of blood and 
exudate, which would separate the bed from the graft and ultim- 
ately lead to graft failure. Usually the graft is quilted to the recipi- 
ent bed and a compressive dressing applied to prevent movement. 
Grafts can be meshed to allow the exudate to be drained from the 
fenestrations without forming collections between the recipient 
bed and the graft, thus guaranteeing a higher chance of graft take. 
Meshing allows expansion of the graft and this proves particularly 
useful when the recipient area is relatively large, typically in patients 
with extensive burns. On the other hand, meshed grafts tend to heal 
with significant contracture and ultimately lead to poor cosmetic 
results. Therefore, meshed grafts should never be used when cos- 
mesis is an issue. 

Skin grafts can be subdivided into split thickness (STSG) and full 
thickness (FTSG). Split-thickness skin grafts, which include the epi- 
dermis and part of the dermis, are usually harvested with a derma- 
tome, and the donor site is usually left to heal by re-epithelialization 
from the dermis and the surrounding skin. The thickness of the 
graft depends on the donor and recipient sites and on the needs of 
the patients. As a general role, as the thickness of the graft increases, 
the cosmetic result of the recipient site improves as contracture, 
discromia and induration become more less likely while healing of 
the donor site is associated with more severe scarring. 

Full-thickness skin grafts instead include the epidermis and the 
entire thickness of the dermis and therefore contain hair follicula. 
As the dermis is completely removed with the graft, the donor 
site cannot heal by re-epithelialization and needs to be primarily 
closed. On the other hand, the cosmetic results at the recipient site 
tend to be superior to the one achieved with STSG as the presence 
of a full dermis guarantees less contracture and less discromia. As 
shaft, glans, and coronal skin are naturally hairless, FTSG should be 
preferably harvested from a non-hair bearing area of the body, in 
order to guarantee adequate cosmetic results. 


Reconstruction of glans and corona 


Reconstruction of the glans and corona in isolation is usually 
required following traumatic amputation or surgical excision for 
benign and malignant conditions. The procedures most commonly 
performed to remove benign and malignant lesions of the glans 
penis are partial/complete glans resurfacing, partial/complete glan- 
sectomy, and distal corporectomy. 
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Fig. 7.16.1 Glans resurfacing for lichen sclerosus (LS) of the glans penis. (A) The glans is diffusely affected by LS. (B) The affected mucosa is dissected off the underlying 
spongiosum. (C) A split-thickness skin graft is quilted on the denuded spongiosum; and (D) the final result. 


Glans resurfacing, which is indicated in patients with lichen 
sclerosus or carcinoma in situ of the glans penis, involves the par- 
tial or complete excision of the glans epithelium and subepithelial 
tissue off the underlying spongiosum followed by repair with the 
use of a STSG of non-genital skin, which is quilted to refashion 
the coronal ridge and groove and recreate a realistic cosmetic effect 
(Fig. 7.16.1). 

Glansectomy is indicated for pT1 and pT2 squamous cell car- 
cinoma of the glans penis and involves the complete excision of 
the glans penis, which is dissected off the tip of the corpora caver- 
nosa. Distal corporectomy is required if the SCC invades the tip of 
the corpora cavernosa and involves the excision of the glans penis 
and of the corporeal heads in order to guarantee clearance of the 
malignancy. Although reconstruction is traditionally achieved with 
the use of a STSG, which is quilted to the corporeal heads to rec- 
reate the appearance of a pseudo-glans, excellent cosmetic results 
have been reported also using an inverted, spatulated distal ureth- 
ral flap, which is used to cover the denuded distal corporeal heads. 
The main advantage of the use of an inverted urethral flap for glans 
reconstruction is the presence of a spongy component that might 
engorge during sexual activity, thus increasing sensation. On the 
other hand, this technique requires an extensive proximal urethral 


dissection and may cause a bowstring effect leading to ventral 
curvature if the urethra is relatively too short. 

Glans reconstruction with the use of STSG or of inverted spatu- 
lated distal urethral flaps following glansectomy and distal corpo- 
rectomy are simple and reproducible procedures that yield adequate 
cosmetic and functional results in more than 94% of cases. Almost 
all patients are able to retain sexual and urinary function using this 
method, although there is typically some loss of sensation. 


Frenuloplasty, which can be offered to patients with a short or 
scarred frenulum, is based on the Heineke-Mikulicz principle. 
A transverse incision in the frenulum is sutured longitudinally, 
lengthening the frenulum at the expense of narrowing the prepuce. 

Occasionally this leads to an unretractable foreskin in patients 
with a pre-existent degree of phimosis. Traditionally, to prevent 
this complication, circumcision has been the treatment of choice in 
patients with a degree of phimosis and associated short frenulum. 
Alternatively, frenular grafting can be offered to such patients who 
wish to preserve their foreskin. Frenular grafting initially involves a 
transverse incision of the frenulum, which leads to the creation of 


a diamond shaped defect. As a longitudinal primary closure would 
lead to narrowing of the prepuce, a FTSG or a thick STSG is applied 
to cover the defect. Full-thickness skin grafts are usually harvested 
from non-hair bearing areas such as the dorsal aspect of the prepuce 
or the retroauricular region (Wolfe's graft), while the inner thigh is 
the usual donor site for STSG. As a compressive dressing cannot be 
applied on the corona, adequate quilting of the graft to the recipi- 
ent bed is necessary to guarantee an adequate take and satisfactory 
cosmetic and functional results. This technique, initially described 
by Ralph et al. in 2007, represents a simple and reproducible tech- 
nique, and yields excellent cosmetic and functional results in virtu- 
ally all patients. 


Penile shaft skin loss 


A variety of benign and malignant conditions can cause significant 
penile skin loss. Benign conditions include buried penis, genital 
lymphoedema, trauma, and necrotizing fasciitis while the most 
common malignant cause is SCC of the penis. 

Traditionally, scrotal skin has been used for repair as scrotal tis- 
sue is redundant, generally well vascularized, and scrotal defects 
can be easily repaired primarily. Furthermore, scrotal flaps can be 
easily harvested and rotated on the penile shaft without disconnect- 
ing their vascular pedicle. Although scrotal flaps represent an easy 
solution for penile reconstruction, they usually lead to suboptimal 
cosmetic results, as scrotal skin presents rugae and hair follicles and 
has a very different texture from the one of the penis. Therefore, 
the use of scrotal flaps should be limited to older patients where 
cosmesis is of less importance. 

As previously described for glans reconstruction, skin grafts 
harvested from a non-genital area represent the ideal solution for 
penile shaft skin defect repair. Non-hair bearing full-thickness 
skin grafts seem to guarantee superior cosmetic and functional 
results, as they heal with less contracture than STSG and therefore 
allow the physiological girth and length expansion during erec- 
tions to occur. 

Among the conditions that may cause significant penile loss, 
genital lymphoedema, and buried penis are discussed in detail, 
while genital trauma is discussed in Chapters 4.7 and 7.14. 


Genital lymphoedema 


Lymphoedema, which arises from the abnormal retention of lym- 
phatic fluid in the subcutaneous tissues as a result of lymphatic 
obstruction can occur in isolation affecting either the scrotum, 
penis, or can involve both or it may be combined with generalized 
lower limb oedema. It may be classified as primary (idiopathic) due 
to an abnormal development of the subcutaneous lymphatic system 
or, more commonly, due to a secondary disorder. As the lymphatic 
drainage of the penis and scrotum is predominately to the inguinal 
lymph nodes bilaterally, it usually presents only when both lymph 
nodes chains have been affected either by surgery, trauma, radia- 
tion therapy, malignant infiltration, or venereal diseases. Recurrent 
episodes of cellulitis are common and are responsible for the loss 
of elastic fibres, hyperplasia of the collagenous connective tissue, 
and the formation of fibrosis that renders the swelling permanent 
with progressive loss of function and progressively deteriorating 
cosmesis. 

The management of penile and scrotal lymphoedema is directed 
at preserving sexual and voiding functions and providing an 
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acceptable cosmetic result. Underlying pathologies should be also 
actively treated. Conservative management consisting in eleva- 
tion, compression, and lymph-draining massage may be effective 
in the early stages of the disease, when the elastic fibres have not 
yet been replaced by scar tissues. Compressive cycling shorts are 
often helpful. 

In advanced cases or when repeated bouts of cellulitis have 
already led to the formation of fibrosis and to irreversible skin 
changes, surgical management becomes the only viable option. 
Surgery involves the excision of all the lymphoedematous tissue 
and overlying skin followed by repair with full-thickness skin grafts 
and/or local flaps. 

When dealing with patients with genital lymphoedema, the fol- 
lowing rules should be followed in order to achieve adequate cos- 
metic and functional results: 


(i) Care must be paid not to undermine excessively the skin edges 
when excising the lymphoedematous tissue. As the blood sup- 
ply to the skin derives from the underlying dartos, which is 
swollen by the lymphoedematous process, an aggressive exci- 
sion can lead to skin necrosis. 


(ii) In patients with combined penoscrotal lymphoedema, the 
scrotal lymphoedema should be addressed first, as this some- 
times leads to spontaneous resolution of the penile swelling. 


(iii) In patients with penile lymphoedema, the inner layer of the 
prepuce is usually not involved by the lymphoedema and is 
relatively intact, as it does not share the same lymphatic drain- 
age pathways with the rest of the genitalia. Therefore, the 
inner prepuce should be always preserved and used as a flap 
for penile shaft cover. When further cover is necessary, non- 
hair bearing FTSG are the solution of choice in sexually active 
patients to minimize contracture and guarantee superior cos- 
metic and functional results. 


Acquired buried penis 


Acquired buried penis is a condition that can lead to urinary tract 
obstruction, poor hygiene, urinary and soft tissue infection, and 
severe impairment of sexual and urinary function. It can be the 
consequence of excessive circumcision, of excessive suprapubic 
adiposity, or of a combination of the two. It is relatively frequent in 
morbidly obese patients and the maceration of skin secondary to 
pooling of urine can lead to infection and skin changes such as LS. 
It is not uncommon that these patients develop phimosis secondary 
to LS and are managed with repeated circumcisions, which do not 
solve the problem, as the penis remains in a moist environment and 
the skin changes progressively spread to the proximal penile skin. 
Ultimately, the penile skin is completely removed with the repeated 
circumcisions and patients remain with a penile shaft completely 
buried into the abdominal skin, which gets then affected by LS and 
contracts around the glans penis. 

Management of the buried penis therefore becomes impera- 
tive in these patients mainly to prevent urine pooling and chronic 
infection, which is frequently exacerbated by diabetes mellitus, 
and to reduce therefore the chance of developing SCC of the penis 
or urethral carcinoma. Usually these patients have multiple co- 
morbidities and pose a significant challenge from a surgical and 
anaesthetic perspective. Ideally, patients with excessive adiposity 
should be actively invited to lose weight first, or offered bariatric 
surgery, as this will improve the outcome of genital reconstruction. 


935 


936 


SECTION 7 ANDROLOGY 


Although liposuction represents a viable option to tackle localized 
suprapubic adiposity, apronectomy with suprapubic fat pad exci- 
sion often represents the only solution in these patients as it also 
allows removal of the excess skin from the lower abdominal area. 
Usually the suprapubic adiposity is so extensive that the incision 
of the apronectomy has to be extended laterally well beyond the 
superior external iliac spine. 

Once the penis shaft is exposed, reconstruction is achieved 
with FTSG in patients who wish to recover sexual function and 
with STSG in the remainder. Although postoperative recovery 
is almost always complicated by wound infection and partial 
dehiscence, the long-term outcome is usually good and patients 
are able to recover reasonable urinary and sexual function (see 
Fig. 7.16.2). 

Buried penis secondary to lack of skin alone is instead a con- 
dition typical of the young male. It is usually the consequence 
of excessive neonatal circumcision or of widespread LS and it is 


A) j 


rarely associated with pooling of urine, or with urinary tract and 
soft tissue infections. As these patients are young and their main 
concern is sexual dysfunction, achieving an adequate cosmetic 
and functional result is paramount. Meshed and STSG should 
therefore never be used and FTSG should be harvested from non- 
hair bearing areas where the skin matches the genital one in terms 
of thickness, texture, and colour. Ideally, the inner arm, the axilla, 
the iliac fossa, and the retroauricular regions represent the ideal 
donor sites. Usually the graft is quilted to the shaft penis and a 
compressive dressing is applied for seven days to improve the 
chance of take. The urine is diverted with a urethral catheter and 
the erections are inhibited with antiandrogens while the dressing 
is in place. Once the graft has taken, the dressing and the cath- 
eter are removed and nocturnal erections are encouraged with the 
administration of phosphodiesterase type 5 inhibitors (PDE5i) in 
order to promote an early stretch of the graft and minimize the risk 
of contracture. 


Fig. 7.16.2 Management of buried penis. (A) Buried penis secondary to excessive adiposity and LS. (B) An extensive apronectomy is performed and the penile shaft is 
released and prepared for grafting; and (C) a full-thickness skin graft harvested from the abdomen is applied to the penile shaft. 


Total penile reconstruction 


Indications for total penile shaft reconstruction are partial or sub- 
total penectomy, traumatic amputation of the penis, micropenis, 
aphallia, or penile agenesis and female to male transsexualism. 

In cases of traumatic amputation with complete transection of 
the corpora cavernosa and spongiosum, the penis should be pre- 
served in ice slush, as microsurgical replantation can be success- 
fully attempted within 16 hours of cold ischaemia. 

Following partial amputation for carcinoma, conservative man- 
agement such as division of the suspensory ligament of the penis or 
excision of the suprapubic adiposity may allow a better ‘exposure’ 
of the penis, thereby maximizing the apparent length of the residual 
penile stump. 

If these procedures result in an insufficient length gain, with the 
consequent inability of the patient to engage in penetrative sex- 
ual intercourse and void while standing, or if there is severe psy- 
chological distress as a consequence of the loss of penile length, 
patients should be offered total penile reconstruction. 

Ideally, total phallic reconstruction should allow the creation 
of a cosmetically acceptable sensate phallus with an incorporated 
neourethra and enough bulk to house the cylinders of an inflatable 
penile prosthesis that allows the patient to resume sexual and urin- 
ary function with confidence. The procedure should be performed 
in as few surgical stages as possible and should be associated with 
minor donor site morbidity. 

Despite a variety of surgical solutions that have been attempted 
over the last century, none of the techniques available to date can 
fulfil all of the above criteria. 


Evolution of phalloplasty techniques 


Although a variety of techniques of total phallic reconstruction 
have been described following Bogoras’ pioneering attempt in 
1936, when he used a random pedicled oblique abdominal singular 
tubularized flap to create a rudimental neophallus, the main break- 
through has been the advent of microsurgical techniques. 

Song and Chang described the use of a radial artery-based free 
flap (RAFF) for phallic reconstruction in patients that had pre- 
viously suffered penile amputation. This technique involved the 
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creation of a ‘tube within a tube’ with the urethra fashioned from 
the relatively non-hair bearing ulnar aspect of the forearm flap. This 
technique allowed the creation of a cosmetically acceptable phallus; 
sensation was maintained with the coadaptation of the antebrachial 
nerves to the dorsal nerve of the penis or to the iliohypogastric and 
ilioinguinalis nerves. Following their success, many teams adopted 
this technique and applied some modifications in flap design in 
order to improve the cosmesis of the neophallus and to minimize 
the overall complication rate. 

In further attempts to minimize donor site morbidity, free oste- 
ocutaneous fibular flaps, anterolateral thigh flaps, and upper arm 
flaps have all been described. However due to the nature of the 
flaps, the neourethra cannot be fashioned reliably according to the 
‘tube within a tube’ technique and is instead prelaminated by tun- 
nelling a skin graft or bladder mucosa graft, which in turn results in 
poor functional results. 

Although minimal, donor site morbidity still represents the main 
drawback of the RAFF technique, as the forearm scar represents a 
‘stigma, which some patients are not ready to accept. Patients who 
wish to achieve cosmetic and functional results similar to the one 
provide by the RAFF phalloplasty but want to minimize the donor 
site morbidity at the level of the forearm, can be offered the incorp- 
oration of a 4-cm wide tubularized free flap based on the radial 
artery in a prefashioned infraumbilical flap phalloplasty. This tech- 
nique, also known as radial artery urethroplasty, allows the forma- 
tion of a patent neourethra and leads to a significantly smaller scar 
on the donor forearm. 

Patients who wish to engage in penetrative sexual intercourse 
need either to wear an external baculum or have a stiffener incor- 
porated into the phallus. Traditionally, incorporation of cartilage 
or bone grafts into the phallus has led to unsatisfactory cosmetic 
and functional results as the grafts were inevitably resorbed and 
were prone to fracture. For these reasons and for the difficulty of 
concealment, cartilage and bone grafts have been progressively 
abandoned. Implantation of a hydraulic inflatable penile prosthesis 
represents the only solution in these patients. Malleable devices 
can lead to pressure ulceration and ultimately are prone to erosion. 
Ideally, implantation of an inflatable penile prosthesis should be 
offered at least one year after the construction of the phallus to give 


Fig. 7.16.3 The deflated (A) and inflated (B) state of a three-piece inflatable penile prosthesis in a patient who has undergone total phallic reconstruction with the use 


of RAFF. 
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enough time for cutaneous sensation to have developed and indeed 
are only indicated if there is reasonable phallic sensation. As phal- 
luses lack tunica albuginea, the cylinders of the implant need to be 
housed in a Dacron or Goretex envelope, which allows anchoring 
to the pubic bone and minimizes the risk of distal extrusion. 

Complication rates following penile prosthesis implantation in 
phalloplasty can be 20 times higher than in a normal penis, with 
up to 50% of patients requiring revision surgery within four years 
(Fig. 7.16.3). 


Conclusion 


A variety of surgical techniques can be used in the reconstruction 
of the penis. Skin grafts are most commonly used when some or all 
of the penile skin is lost, with split-thickness grafts being best suited 
to reconstruction of the glans penis, and full thickness grafts best 
suited for the shaft of the penis. With the increasing prevalence of 
obesity, there is an increasing demand for surgical treatment and 
reconstruction of the buried penis, which is often associated with 
coexisting lichen sclerosis, and which present a significant surgical 
(and anaesthetic) challenge. 
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Penile augmentation 
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Introduction to penile augmentation 


Most patients who seek penile enhancement have a normally sized 
and functioning penis. Any man seeking penile augmentation 
benefits from a careful clinical assessment, together with counsel- 
ling regarding the treatment options available and the results and 
complications of surgery. Indeed, for those with normal penile size, 
careful psychological assessment is essential before any physical 
treatment should be considered. If a man perceives his penis to be 
too small, when actually it is of normal size, the condition is termed 
penile dysmorphophobia. 

In the history there should be an assessment of the patient’s con- 
cerns and aspirations. Some are concerned about the penile length 
while others are concerned about the girth of their penis and for 
many it is a combination of both these features. Indeed, it is not 
always the erect length that concerns them, but more commonly 
the flaccid appearance which they may feel is embarrassing if seen 
by other men, for example in a sports changing room. This is the 
so-called ‘locker room’ syndrome. The scope of the appropriate 
psychological assessment is beyond the scope of this chapter, but 
can be found elsewhere.! 

The man should be examined in a warm room and the penile 
dimensions should be measured. There are three potential meas- 
ures of length that can be obtained: the flaccid length, the stretched 
length, and the erect length. The former varies with the ambi- 
ent temperature and the degree of anxiety of the patient, and the 
last would involve an intracavernosal injection in the clinic. The 
stretched penile length appears to be the most reliable and repro- 
ducible measure, with measurement taken from the pubic bone to 
the tip of the glans penis following gentle stretching of the penis. 
There are several reported studies of what is ‘normal and a length 
of around 12-14 cm appears to be an average length in Caucasian 
men. The normal penile girth is around 9-10 cm. These epidemio- 
logical studies allow a normative ‘range’ to be calculated, with a 
true micropenis generally considered to be a stretched length of 
less than 7-8 cm. Another factor that is relevant is the patient’s age 
and degree of masculinization. Penile size increases considerably 
during adolescence under the influence of androgens, and if there 
is doubt about the androgenic status of the patient, this should also 
be assessed. 

One further issue that is increasingly relevant is the degree to 
which the penis is buried within the suprapubic fat pad. With cen- 
tral obesity becoming so prevalent, there is an increasing tendency 
for the penis to become buried, such that simple approaches to 
‘uncover’ the penis can often be valuable. 


For men with a normal penile size, psychotherapy is the first port 
of call and a variety of techniques are valuable.! Most importantly 
a discussion about what is actually normal is important, since the 
patient may have developed unrealistic perceptions of normality 
from the pornography that is now so freely available. A further 
issue is that of perspective. When a man looks at his own penis, 
he looks down and sees a foreshortened phallus. However, when 
he looks at another man, he sees the penis side-on, and this inevit- 
ably looks larger than his own. Simply viewing himself in a mirror 
can be helpful in restoring the perspective of himself. 

There is preliminary evidence that stretching devices can be 
helpful in some men? and it is only when these options have been 
exhausted and the patient is fully aware of the lack of real evidence 
regarding the outcomes of surgery, that augmentation should be 
considered.*4 Even here, there are many who feel that such surgery 
is not justified in this group of men, given the lack of robust data 
regarding outcomes.° For patients with a true micropenis, the situ- 
ation is more straightforward. Psychological therapy is not the way 
here, and the role of stretching devices is unproven. Surgery is the 
only option, even if the outcomes are less than ideal, and this chap- 
ter describes current augmentation techniques. 


Penile lengthening 


Abdominal and pelvic liposuction and lipectomy 
(apronectomy) 


Removing the excess adipose tissue partially covering the proximal 
aspect of the penis provides merely visual shaft lengthening and is 
therefore indicated in patients with abundant pubic adiposity or a 
protruding abdomen such that the penis is buried. Since the tech- 
nique does not affect the corpora cavernosa, neurovascular bundle 
or urethra, it is safe, practical, and entails no complications such 
as deformity or loss of sensation. However, its poor cosmetic and 
functional outcomes mean that only occasionally is it enough to 
resolve the ‘problem alone, and it is therefore commonly combined 
with other augmentation procedures (e.g. suspensory ligament div- 
ision and girth enhancement). 


Suspensory ligament division 


Detachment of the suspensory ligament from the pubic sym- 
physis brings forward the corpora cavernosa. The ligament is 
divided close to its attachment to the pubic bone to avoid vas- 
cular and nerve damage. Reattachment of the divided ligament 
with postoperative penile shortening is prevented by filling the 
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space created by the dissection with a vascularized flap of lipo- 
matous tissue or with biocompatible material (e.g. a testicular 
prosthesis). A suprapubic skin manoeuvre such as a Z plasty or 
V-Y plasty is required to advance suprapubic skin onto the penis. 
Postoperatively, penile traction with vacuum devices, traction 
appliances, or special weights attached to the coronal margin of 
the penis are applied to pull the penis away from the pubic bone 
and stretch the corpora cavernosa. The procedure only results in 
an ‘apparent’ lengthening of the flaccid penis without any signifi- 
cant change in the erect length; it is therefore indicated in patients 
with ‘locker room syndrome’. 

Studies of penile length increase by this procedure are few and 
result comparison is hampered by diverse length measurement 
methods and surgical techniques. Satisfaction with an average 
length increase of 1.3 cm was very low in 42 patients undergoing 
ligament division and silicone buffer insertion.? 


Skin flaps and grafts 


Skin flaps are indicated when the penopubic skin ‘traps’ the penis 
preventing elongation during erection, as in the case of skin loss 
due to excessive circumcision, lichen sclerosus, genital lymphoe- 
dema, trauma, and burns.67 Other penopubic skin flaps and grafts 
are performed within more complex elongation procedures requir- 
ing full skin covering of the extended penis.-5 

A variety of techniques have been described, the commonest 
being the inverted V-Y advancement flap (or V-Y plasty) modified 
by Roos and co-workers (1994),!3 who combined it with suspen- 
sory ligament division. Other types include lower abdominal Z 
plasty and W flap reconstruction. 

However, flaps bring unattractive hair-bearing skin onto the shaft 
and may cause pubic deformation. Moreover, in cases of subopti- 
mal healing, especially due to poor surgical technique or surgeon 
experience, flap contracture may result in a buried penis or in a 
bowstring effect with penile curvature. Skin grafts are useful alter- 
natives. Full-thickness skin grafts heal with less contracture than 
split-thickness grafts, preserving penis elasticity, and ensuring 
adequate erections. All areas with redundant non-hairy skin can 
be donor sites (groin crease, axilla, inner arm). Careful recipient 
site and graft preparation are critical, in particular quilting to the 
recipient site and application of a compressive dressing. Erections 
must be inhibited pharmacologically to optimize take. 


Penile girth enhancement 


Penile girth augmentation is even more controversial, since 
there are no indications for this procedure and no guidelines in 
the literature. None of the available techniques achieve the ideal 
outcome of a girth increase with appropriate symmetry, mainte- 
nance of physiological erection and micturition, and a reasonable 
complication rate. 


Injectable materials 


Initially considered to be very promising, injection of autologous 
abdominal fat harvested by liposuction into the dartos layer of the 
penis has progressively been abandoned because of high compli- 
cation rates, in particular deformities such as penile curvature or 
asymmetry and formation of nodules of liquefied, necrotic, or cal- 
cified adipose tissue due to resorption or migration. Despite the 
unpredictable results, due to lack of an adequate blood supply to the 


injected material and to the risk of adipocyte necrosis, Panfilov!! 
reported an average girth increase of 2.6 cm. 

Injection of liquid injectable silicon (LIS) into the dartos fascia also 
carries a high rate of complications including swelling, penile distor- 
tion, granuloma formation, LIS migration, idiosyncratic reactions, 
and the risk of neurovascular bundle damage with loss of sensation 
and ultimately sexual dysfunction. Better known for its role in facial 
soft tissue augmentation, hyaluronic acid gel has also been used as 
a tissue filler for glans penis augmentation. Kim and co-workers® 
reported an average 1.5 cm increase in glans circumference without 
serious complications and high overall satisfaction in 187 men. 


Graft procedures 


Dermal fat grafts consisting of all skin layers and subcutaneous 
tissue are usually harvested from the abdomen and gluteal folds 
and placed around the shaft between dartos and Buck's fascia after 
removing the epidermis from the graft itself. Although complica- 
tions such as donor site scarring and deformity, persistent penile 
oedema, and induration, venous congestion, and fibrosis leading 
to penile deformity are common, their success rate appears to be 
superior to fat injection. 

Pedicled skin flaps are another option. Shaeer!> reported excel- 
lent girth increase and cosmetic outcomes in patients with a mal- 
leable penile prosthesis. Although easily reproducible and safe, the 
procedure involves the risk of flap ischaemia and contracture with 
consequent penile curvature and shortening, especially in patients 
without a penile prosthesis.!° 

Allografts and xenografts offer an alternative to all the procedures 
discussed above. Advantages include shorter operating time, since 
the graft or flap does not need to be harvested; no donor site mor- 
bidity, high take, and low complication rates. Alloderm’, the com- 
monest allograft used in penile girth enhancement, is an acellular, 
inert dermal matrix derived from donated human skin.!’ Porcine 
small intestinal submucosa (SIS°) and bovine pericardium (Peri- 
Guard”) are xenografts. Though rare, erosion, resorption, fibrosis 
and contracture, and skin loss are the most frequent complications 
of allografts. 

A revolutionary approach uses scaffolds as grafts for girth aug- 
mentation by an ex vivo tissue engineering process where fibro- 
blasts previously harvested from the patient's scrotal dermal tissue 
are seeded onto a pretreated tube-shaped biodegradable scaffold 
that is incubated for 24 hours before implantation around the 
shaft, between Buck's and dartos fascia. Postoperatively, the scaf- 
fold undergoes remodelling through infiltration by inflammatory 
cells and substitution with a collagen-rich hypervascularized tis- 
sue resembling the normal dartos layer. Perovic and colleagues!* 
achieved girth augmentation with biodegradable scaffolds in 
84 patients with penile dysmorphophobia and failed girth enhance- 
ment surgery, reporting an average girth increase of 3.1 cm, high 
satisfaction, and a complication rate of 8%. 

Austoni’s technique, involving real enlargement of the corpora 
cavernosa by bilateral venous graft implantation, is the only proced- 
ure providing increased girth in the erect state. It consists of a lon- 
gitudinal incision of the tunica albuginea from the coronal sulcus 
to the proximal aspect of the shaft on each side of the urethra; the 
resulting defect is grafted with a saphenous vein patch to widen the 
corpora cavernosa. None of his 39 patients experienced postopera- 
tive complications or erectile dysfunction; girth increase was up to 
2.1 cm, with all patients engaging in penetrative sexual intercourse 


and expressing satisfaction with the cosmetic and functional out- 
come. Its main limitation is that its reproducibility is strongly 
affected by technical factors and by preoperative erectile function, 
since corpora incision and grafting is associated with postoperative 
worsening of erectile function and long-term results tend to be poor. 


Conclusion 


Men with penile dysmorphophobia require careful assessment 
including psychological assessment. Guidelines agree that augmen- 
tation surgery should be confined to men with a true micropenis. 
This reflects the limited evidence of efficacy, together with the risk 
of complications which are often severe, and can include perman- 
ent disfigurement and impaired urinary and sexual function. 


Further reading 


Austoni E. Atlas of Reconstructive Penile Surgery. Pisa, Italy: Pacini 
Editore, 2010. 

Perovic SV, Sansalone S, Djinovic R, Ferlosio A, Vespasiani G, Orlandi A. 
Penile enhancement using autologous tissue engineering with 
biodegradable scaffold: a clinical and hystomorphometric study. J Sex 
Med 2010; 7(9):3206-15. 

Vardi Y, Harshai Y, Gil T, Gruenwald I. A critical analysis of penile 
enhancement procedures for patients with normal penile size: surgical 
techniques, success and complications. Eur Urol 2008; 54:1042-50. 

Wylie KR, Eardley I. Penile size and the ‘small penis syndrome. BJU Int 
2007; 99:1449-55. 
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CHAPTER 8.1 


Prenatal diagnosis 
and perinatal urology 


David FM. Thomas 


Anatomical and functional development 
of the upper urinary tract 


The kidney is formed by the interaction of the ureteric bud and 
the metanephric tissue during the fifth week of gestation. Nephron 
formation (nephrogenisis) is dependent on a process of reciprocal 
induction whereby the glomeruli, convoluted tubules, and loop 
of Henle are derived from the metanephric tissue while the renal 
pelvis, calyces, and collecting ducts originate from the ureteric 
bud. In man, nephrogenesis extends from the sixth to the thirty- 
sixth weeks of gestation, with the sequential formation of zones 
or ‘generations’ of nephrons within the developing renal cortex. 
Nephrogenisis ceases after 36 weeks, with the number of nephrons 
remaining fixed thereafter at approximately one million per kidney. 
During the sixth to tenth weeks of gestation, the kidneys undergo 
relative ascent on the posterior abdominal wall, acquiring segmen- 
tal blood supply during this process.! 

Urine production commences from around the ninth week of 
gestation and as gestation proceeds, the foetal kidneys excrete an 
increasingly large volume of urine. By the thirty-sixth week, foetal 
urine output is approximately 30-40 mL per hour and constitutes 
around 90% of the amniotic fluid volume.’ In addition to its pro- 
tective role of ‘cushioning’ the foetus within the uterus, amniotic 
fluid helps to promote normal lung development.’ For this reason, 
abnormalities which cause significantly decreased urine output 
such as bilateral renal agenesis or foetal bladder outlet obstruction* 
result in a marked reduction in amniotic fluid (oligohydramnios) 
accompanied by congenital pulmonary hypoplasia. 

Although the foetal kidneys play an active role in fluid excre- 
tion, glomerular function is minimal throughout gestation and 
this component of excretory function is fulfilled by the placenta. 
Although circulatory changes at the time of birth are accompanied 
by a dramatic increase in renal blood flow, the corrected values for 
glomerular filtration rate nevertheless remain greatly reduced by 
comparison with older children and adults.” Glomerular filtra- 
tion rate increases steadily in the early months of life but it is not 
until two years of age that corrected values reach the comparable 
adult range. 

Immature tubular function in newborns and young infants is 
reflected in reduced concentrating capacity and relative inability to 
excrete a water load. As a consequence, newborn infants are at par- 
ticular risk of fluid overload and dilutional hyponatraemia. 


Abnormalities of the upper urinary tract 


A number of different mechanisms can result in the complete 
absence of a kidney (renal agenesis) including failed induction of 
nephrogenesis and the intrauterine or postnatal involution of a mul- 
ticystic dysplastic kidney. Although the term ‘hypoplasia’ is used to 
describe a small, but architecturally normal kidney, in practice most 
small kidneys also exhibit evidence of dysplasia. This is character- 
ized by histological evidence of immature nephrons and abnormal 
mesenchymal tissue including fibromuscular tissue and cartilage.® 

Renal dysplasia can result from defective interaction between 
the ureteric bud and metanephric mesenchyme (for example, in 
the dysplastic upper pole of a duplex kidney) or an insult to the 
developing kidney such as severe outflow obstruction caused by 
posterior urethral valves. Multicystic dysplastic kidney (MCDK) is 
usually associated with segemental atresia of the proximal ureter 
but can occasionally occur in conjunction with distal ureteric 
obstruction. 

Renal anomalies such as horseshoe kidney, crossed-fused renal 
ectopia, and ectopic pelvic kidney are abnormalities of renal ascent 
and fusion dating from the sixth to tenth week of gestation. 


Prenatal diagnosis 


The widespread introduction of antenatal ultrasonography in the 
1980s had a profound impact on the specialty of paediatric urology, 
when urological conditions which had previously presented with 
symptoms during the course of childhood were increasingly iden- 
tified in newborns who were entirely healthy and asymptomatic 
at birth. 

Currently, routine antenatal scanning for foetal anomalies is per- 
formed between 15-20 weeks gestation, but scans at 10-12 weeks 
are also being increasingly adopted in high-risk pregnancies—for 
example, for the early prenatal diagnosis of Down's syndrome. 

The sensitivity of antenatal ultrasonography is highest for the 
detection of abnormalities which cause urinary tract dilatation and 
for renal cystic disease (Fig. 8.1.1). By contrast, renal agenesis and 
renal ectopia are less readily detectable in the second trimester. 

It is also important to note that conditions such as pelviureteric 
junction obstruction, vesicoureteric reflux, upper tract duplication, 
and even posteriorurethral valves may not be visualized at 17-20 
weeks because they have not yet given rise to detectable dilatation 
at that stage in gestation. 
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Fig. 8.1.1 Antenatal scan: transverse view of foetal abdomen demonstrating 
multiple fluid-containing spaces. Typical appearances of a large multicystic 
dysplastic kidney (MCDK). 


Clinically significant abnormalities of the urinary tract are 
detected in approximately 1:500 pregnancies,!! whereas ‘pyelecta- 
sis’ (mild dilatation of little clinical significance) is observed in as 
many in 1:100 pregnancies. ! 


Foetal intervention 


Termination of pregnancy is the most widely practised form of foe- 
tal intervention—particularly for abnormalities such as bilateral 
renal agenesis or bilateral multicystic dysplastic kidney which are 
incompatible with survival. 

Decisions surrounding the management of severe outflow 
obstruction are more problematic. The majority of severely affected 
foetuses are males with posterior urethral valves in whom the find- 
ings of oligohydramnios, gross dilatation, and echogenic cortex 
(denoting dysplasia) on a second trimester ultrasound denote a 
high risk of early onset renal failure. 

In the presence of these unfavourable prognostic indicators, the 
options open to parents and their medical advisors comprise: con- 
tinuing with the pregnancy, termination of the pregnancy, or foetal 
intervention, usually in the form of vesicoamniotic shunting. 

The rationale for foetal intervention centres on the premise that 
the prognosis for renal function can be improved by decompres- 
sion of the obstructed urinary tract in utero.!? Open foetal surgery 
was first introduced in the 1980s! but was then rapidly superseded 
by ‘vesicoamniotic shunting’ in which an ultrasound-guided pigtail 
catheter is inserted percutaneously between the foetal bladder and 
amniotic cavity (Fig. 8.1.2).!° Vesicoamniotic shunting has been 
widely practised on an unreported basis and the results have proved 
difficult to assess. Nevertheless, a critical analysis of the available 
evidence indicates that irreversible renal damage (in the form of 
dysplasia) is usually present by the time the abnormality has been 
detected and vesicoamniotic shunting is performed. Advocates of 
vesicoamniotic shunting have argued, however, that the technique 
has usually been reserved for the most severe end of the obstruct- 
ive spectrum and that intrauterine decompression might genuinely 


Fig. 8.1.2 Vesicoamniotic shunt. The shunt catheter is introduced 
percutaneously under ultrasound guidance with the intention of draining urine 
from the obstructed foetal bladder into the amniotic cavity. 

Republished with permission of Taylor and Francis Group, LLC from Essentials of Paediatric 
Urology, David F. M. Thomas, Patrick G. Duffy, and Anthony M. K. Rickwood, (Eds.), CRC Press, 
Taylor and Francis Group, Florida, USA, Copyright © 2002; permission conveyed through 
Copyright Clearance Center, Inc. 


improve the prognosis for renal function for those foetuses with less 
severe outflow obstruction.!® Hopes that a multicentre-controlled 
trial in the United Kingdom might resolve these issues have been 
unfulfilled since the trial was abandoned because of difficulty in 
recruiting cases in adequate numbers. 


Postnatal investigation and management 


Many healthy, asymptomatic children with prenatally detected 
anomalies of the urinary tract were undoubtedly overinvestigated 
in the past—often with unnecessarily invasive tests. 

In recent years, however, a more selective approach to postnatal 
investigation has evolved with the initial aim of identifying new- 
born infants who are at greatest risk of urinary tract infection or 
systemic sepsis in the early months of life (Fig. 8.1.3). 

By contrast, the common antenatal finding of unilateral dilata- 
tion confined to the kidney rarely requires urgent investigation, 
since it is associated with a far lower risk of early morbidity. 

An approach to investigation based on the findings of antenatal 
ultrasonography and the initial postnatal scan!” can be summa- 
rized as follows: 


Bilateral upper tract dilatation (collecting systems 
and/or ureters) 


Impaired bladder emptying or a thick-walled bladder 
These appearances point to lower urinary tract obstruction and/or 
high grade reflux. 

Antibiotic prophylaxis is commenced and a postnatal ultrasound 
performed in the first 48 hours of life. If the findings confirm those 
seen prenatally a micturating cystourethrogram (MCUG) is per- 
formed to investigate outflow obstruction or vesicoureteric reflux. 


Unilateral upper tract dilatation confined to 
the kidney (pelvis and/or calyces) 


Pelviureteric junction (PUJ) obstruction is the commonest cause 
for this finding. A repeat ultrasound scan is performed at four to six 
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Prenatal ultrasound 


Bilateral upper tract dilatation and/or 
Ureteric dilatation and/or 
Abnormal bladder (e.g. thick walled) 


Postnatal ultrasound within 24-72 hours 


MCUG 
Posterior Primary VUR No PUV or VUR 
urethral valves (e.g. presumed PUJ 
or VUJ obstruction) 
Valve ablation Antibiotic 
prophylaxis 


DMSA MAG3 


Fig. 8.1.3 Algorithm summarizing a selective approach to postnatal investigation. 


weeks followed by ??™IcMAG3 dynamic renography. However, this 
is best deferred for eight weeks or longer in view of the difficulty in 
interpreting drainage curve data in young infants with immature 
tubular function. 

MCUG is no longer routinely performed for unilateral dilatation 
confined to the kidney. While this approach carries some risk of 
missing some infants with vesicoureteric reflux (VUR) it is offset 
by the far larger number of healthy infants who are no longer being 
submitted to unnecessary and invasive investigation. 

Nevertheless, the parents of infants with upper tract dilatation 
should be advised of the importance of having the urine checked 
if their child develops any features of urinary infection or an unex- 
plained febrile illness. 


Mild dilatation confined to the kidney 
(anteroposterior diameter of the renal pelvis <1 cm) 


An ultrasound scan is repeated within two to four weeks. Practice 
varies considerably with regard to further ultrasound follow-up, 
but the weight of evidence!®-?° indicates that the risk of morbid- 
ity associated with this common antenatal finding is extremely low 
and the majority of children can be safely discharged after a final 
scan at 6-12 months. 


Cystic kidney 

Multicystic dysplastic kidney (MCDK) is by far the commonest 
prenatally detected cystic malformation. The kidney is entirely 
replaced by non-communicating cysts and there is complete 
absence of solid renal tissue. If the diagnostic criteria for MCDK 
are fulfilled and the contralateral kidney appears normal, the only 
additional investigation needed to confirm the diagnosis (by dem- 
onstrating total absence of function) is a °?™IcDMSA scan at six to 
eight weeks. 9°™IcDMSA is also the modality of choice for demon- 
strating the presence of ectopic kidneys. 


Unilateral dilatation confined to kidney (no 
ureteric dilatation or bladder abnormality) 


Postnatal ultrasound within 2-4 weeks 


Dilatation confined to 
kidney. AP diameter 
renal pelvis <1.5 cm 


Dilatation confined to 
kidney. AP diameter renal 
pelvis >1.5 cm 


Repeat MCUG if 
ultrasound 
UTI 
MAG3 | 6 months 


Upper tract duplication (duplex kidney) 


Antibiotic prophylaxis is commenced pending further investi- 
gation. Anatomical and functional assessment usually requires 
a combination of ultrasound, MCUG, and isotope renography 
in the first 8-12 weeks. Magnetic resonance urography can be 
very informative in the investigation of complex duplex anatomy 
and ectopic ureters but is rarely indicated in the first six months 
of life. 


Impact of prenatal diagnosis 


The results of some longer-term studies are now providing valuable 
information on the natural history of prenatally detected uropathies 
and, in turn, are contributing to a more evidence-based approach 
to investigation and management. A detailed account is beyond the 
scope of this chapter, but some of the key findings regarding the 
long-term outcome of common urological conditions can be briefly 
summarized as follows. 

Pelviureteric junction obstruction accounts for 35-50% of clin- 
ically significant prenatally detected urinary tract abnormalities. 
Numerous studies have demonstrated a correlation between the 
natural history and outcome of prenatally detected PUJ and initial 
differential renal function and the severity of dilatation—as defined 
by the anteroposterior diameter of the renal pelvis or the grading 
system devised by the Society for Fetal Urology.*!7 

The postnatal investigation and management of PUJ obstruc- 
tion is detailed elsewhere but the findings of long-term studies 
have endorsed a conservative approach for prenatally detected 
PUJ obstruction in cases where the AP (anteroposterior) diam- 
eter of the renal pelvis is <2 cm and differential function on iso- 
tope renography is >40%. Pyeloplasty is indicated when differential 
function is reduced below 40% or the AP diameter of the renal pel- 
vis exceeds 3 cm. In many cases, the renal pelvic AP diameter is 
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in the range of 2-3 cm and management is largely determined by 
follow-up imaging with ultrasound and isotope renography. 

The onset of increasing dilatation (which may herald deteriorat- 
ing function) is an indication to abandon conservative manage- 
ment in favour of pyeloplasty—as is the occurrence of symptoms 
or infection. Long-term studies of conservative management 
have demonstrated that 40-45% of cases of prenatally detected 
PUJ obstruction have the potential to resolve spontaneously.?3-27 
Although there has been a suggestion that the overall pyeloplasty 
rate has increased following the introduction of antenatal ultra- 
sound, the findings of population-based studies are somewhat 
contradictory. Moreover, it seems possible that most cases of pre- 
natally detected PUJ obstruction represent a different anatomical 
entity to the form of PUJ obstruction which presents (typically with 
pain) in later childhood and adulthood. 

Prior to the introduction of antenatal ultrasonography multi- 
cystic dysplastic kidney (MCDK) was regarded as a rare anomaly 
which usually presented as an abdominal mass in the newborn 
period. It has become apparent, however, that MCDKs are far more 
prevalent than was previously recognized. The majority of MCDKs 
occur in healthy, asymptomatic children, and would otherwise 
have been destined to remain unrecognized during the individual's 
lifetime. Risks of malignancy and hypertension have been cited 
to justify the ‘prophylactic’ removal of MCDKs, but an objective 
analysis of the evidence indicates that the risk of malignancy is 
exceedingly small?3:28-30 and the risk of developing hypertension 
is below 1%,733031 

With the advent of prenatal diagnosis, it had been anticipated 
that it would lead to an improved prognosis for renal function in 
boys with posterior urethral valves by facilitating early intervention 
and minimizing the risk of infection. 

However, this proved not to be the case and it was found that 
the short- to medium-term prognosis for boys with prenatally 
detected posterior urethral valves (PUV) was inferior to that of 
boys in whom PUV presented clinically.3>33 This apparent paradox 
can almost certainly be explained by the tendency of second tri- 
mester antenatal screening to selectively identify cases at the more 
severe end of the spectrum. Studies designed to assess the longer- 
term functional outcome have reported differing results. While one 
long-term study found no difference in the incidence of end-stage 
renal failure in patients with prenatally PUV when compared with 
those who had presented clinically,*4 another study did identify a 
probable benefit when outcomes were assessed in the second and 
third decades of life.35 


Conclusion 


Prenatal diagnosis has been beneficial for children with significant 
urological abnormalities by providing an opportunity to reduce 
their risk of morbidity and renal damage due to infection and high 
grade obstruction. By contrast, the detection of mild dilatation 
of little or no clinical significance has undoubtedly generated an 
unnecessary burden of parental anxiety and unwarranted investiga- 
tion. However, there is now widespread recognition of the need to 
adopt a selective approach to postnatal investigation. 

Paediatric urologists in many Western countries have encoun- 
tered a declining number of referrals of newborns with bladder 
exstrophy, prune belly syndrome, and cloacal anomalies as a con- 
sequence of termination of pregnancies prompted by antenatal 


ultrasonography.*°3” Similar considerations apply to cases of 
neuropathic bladder due to myelomengocele and other major dys- 
raphic anomalies. A declining workload of children requiring com- 
plex reconstructive surgery may have important implications for 
training and patterns of service delivery in the specialty of paedi- 
atric urology. 


Further reading 


Dhillon HK. Prenatal diagnosis. (pp. 133-142) In: Thomas DFM, Duffy PG, 
Rickwood AMK (eds). Essentials of Paediatric Urology, 2nd edition. 
London, UK: Informa, 2008. 

Nguyen HT, Herndon CD, Cooper C, et al. The Society for Fetal Urology 
consensus statement on the evaluation and management of antenatal 
hydronephrosis. J Pediatr Urol 2010; 6(3):212-31. 

Thomas DFM. Embryology. (pp. 438-453) In: Mundy AR, Fitzpatrick 
J, Neal D, George NR (eds). Scientific Basis of Urology, 3rd edition. 
London, UK: Informa, 2010. 

Thomas DFM. Prenatal diagnosis: What do we know of long term 
outcomes?. J Pediatr Urol 2010; 6(3):204-11. 
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CHAPTER 8.2 


Urinary tract infection 


in children 
David EM. Thomas 


Introduction to urinary tract infection 
in children 


Urinary tract infection is one of the most important disorders of 
childhood because of its prevalence, its association with underlying 
abnormalities of the urinary tract and the threat of infective renal 
scarring leading to long-term morbidity. 

Although urinary infection is now a rare cause of mortality, it 
remains a cause of severe systemic illness which may be accom- 
panied by septicaemic complications. Even when confined to the 
lower tract (cystitis), recurrent urinary tract infections (UTIs) 
may have a significant impact on quality of life by interfering with 
schooling and requiring repeated GP and hospital attendances. 

During the last two decades, a growing awareness of urinary tract 
infection among general practitioners coupled with the availability 
of sensitive reagent sticks for early diagnosis has led to many more 
children with normal urinary tracts being referred for investigation 
than in the past. Reliance on outdated diagnostic protocols resulted 
in large numbers of children with normal urinary tracts being over- 
investigated with unnecessarily invasive tests.! For this reason, the 
National Institute of Clinical Excellence (NICE) commissioned a 
group of experts to draw up new guidelines, which were published 
in 2007.2 While the reasoning behind the guidelines has been 
broadly accepted, critics have raised concerns that implementation 
of some of the recommendations might carry a risk of underlying 
pathology being missed in some children. 


Aetiology 


Over the last decade it has become apparent that the concept of 
UTIs as the replication of bacteria within urine is oversimplistic. 
Proliferation of uropathogenic Escherichia coli is now thought 
to occur predominantly at an intracellular level within the 
urothelium—particularly in the bladder. The persistence of intra- 
cellular bacterial communities in vacuoles within urothelial cells 
forms a latent reservoir of organisms with the potential to cause 
further UTIs.34 


Anatomical factors 


Vesicouretericreflux (VUR) is the condition most commonly 
identified during the course of investigation. Stasis due to dys- 
functional voiding is frequently implicated as a predisposing 
factor—particularly in girls with an acquired pattern of deferred 
voiding and incomplete bladder emptying. Abnormalities such as 


posterior urethral valves and pelviureteric junction obstruction 
which previously presented with UTI are often detected prenatally. 

Although UTIs are 10 to 20 times less common in circumcised 
boys, the overall risk of UTI in the non-circumcised is low and does 
not represent a medical indication for routine newborn circumci- 
sion. By contrast, there is evidence to justify circumcision in boys 
with significant urological abnormalities which put them a consid- 
erably increased risk of infection.” 


Bacterial pathogenicity 


The organisms responsible for UTIs in children are similar to 
those in other age groups, namely Escherichia coli, Klebsiella, 
Enterobacter, and Strep faecalis. Fimbriated forms of E. coli are of 
particular virulence because of their ability to adhere to urothe- 
lial receptor sites and colonize the urinary tract. Proteus mirabilis 
is a urea-splitting organism which is implicated in the formation 
of infective calculi, particularly in uncircumcised male infants. 
Infection with Pseudomonas aeruginosa and other opportunistic 
pathogens is often associated with underlying anatomical abnor- 
malities and may prove difficult to eradicate until the underlying 
stasis and/or reflux has been corrected. 


Clinical aspects 


Specimen collection 


Although cooperative potty-trained children are capable of provid- 
ing a clean catch midstream sample, other methods are needed for 
younger children and for those who are unable to provide a mid- 
stream specimen. The use of adhesive collection bags applied to the 
region of the genitalia remains the most common method for col- 
lecting urine samples in infants. Alternatively, pads or cotton wool 
balls placed inside the nappy can be used to collect a specimen of 
urine which is then aspirated from the material with a syringe. 

Suprapubic puncture and aspiration of bladder urine is rarely 
indicated except to facilitate urgent diagnosis in a sick child. Once 
collected, the urine specimen should be sent promptly to the 
laboratory for microscopy and culture but a urine specimen may 
store in a refrigerator for up to 24 hours before being transported 
to the laboratory. 


Laboratory diagnosis 

The principle diagnostic criterion of infection is >10° colony 
forming units per mL of organisms in pure growth on culture. In 
a sample obtained by suprapubic puncture, any bacterial growth 


is regarded as significant. Criteria for the diagnosis of significant 
pyuria vary in different laboratories, but a leukocyte count corre- 
sponding >10 WBC/mm3 is generally considered to be significant. 

The early detection of UTIs has been greatly facilitated in recent 
years by the introduction of reagent dipsticks with nitrite and 
leukocyte esterase reagents.° Reagent sticks also test for haematuria 
and proteinuria—although neither are diagnostic for infection. 
A strongly positive result for proteinuria should, however, prompt 
further investigation of possible renal disease. 


Clinical presentation 


In newborns and infants, the clinical features of urinary tract infec- 
tion are usually non-specific and may be difficult to differentiate from 
any other cause of febrile illness in this age group. For this reason, it 
is essential that urine microscopy and culture are always included in 
the ‘septic work-up’ of every child with unexplained fever. Dipstick 
testing will generally provide initial evidence of urinary infection, but 
whenever possible, a sample should be sent to the laboratory before 
antibiotic treatment is commenced. Recurrent or chronic infection 
in infants is characterized by failure to thrive and poor weight gain. 
Infective stone disease due to proteus infection may present with an 
insidious clinical picture and the presence of this organism in the 
urine should always prompt further investigations. 

In children aged two years and upwards, the clinical picture is 
largely determined by whether infection is confined to the lower 
tract (cystitis) or whether the upper tract is involved (pyeloneph- 
ritis). In practice, this distinction is not always clear cut, since chil- 
dren with pyelonephritis may also have lower tract symptoms. 

Lower tract infection is characterized by dysuria, frequency, 
urgency, and suprapubic discomfort or pain. In addition, a recent 
onset of daytime and/or night-time enuresis is a relatively common 
feature of UTI in young children who were previously dry. 

Asymptomatic bacteruria is relatively common in girls aged 
over four years and is almost invariably due to stasis and post-void 
residual urine in the bladder. Low-grade VUR may also be present. 
Despite the term, ‘asymptomatic’ chronic bacteruria is usually asso- 
ciated with malodorous urine and mild dysuria. 

Upper tract infection (pyelonephritis) is characterized by fever 
>38°C, systemic ill health, loin pain, and tenderness. However not 
all these features are present in every child with pyelonephritis. 
Prompt diagnosis and effective antibiotic treatment are essential to 
minimize the risk of infective renal scarring. 


History and examination 


Parents should be asked about any known family history of reflux 
or other urological conditions and also whether any abnormality 
was detected on antenatal scanning. In older children, it is crucially 
important to enquire about voiding history—with an emphasis 
on any tendency to deferred voiding (particularly at school). 
Information should also be sought on fluid intake and any history 
of constipation. 

Physical examination should include abdominal palpation com- 
bined with palpation and visual examination of the lower spine to 
look for possible stigmata of occult spinal dysraphism. 


Treatment of urinary tract infection 


Newborns and infants with suspected UTI and older children 
with pyelonephritis are usually admitted to hospital under the 
care of paediatricians. Treatment with intravenous antibiotics is 
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commenced as soon as a urine specimen has been obtained for 
laboratory analysis and culture. 

Children with symptomatic lower UTIs are treated with an 
appropriate oral antibiotic. From one authoritative review of the 
published evidence, it was concluded that a two- to four-day course 
of oral antibiotics appeared to be as effective as a seven- to fourteen- 
day course when treating lower tract UTI in children.” The 2007 
NICE guidelines recommend a three-day course of antibiotic treat- 
ment for most cases.” 

Long-term antibiotic prophylaxis forms the mainstay of the 
conservative management of vesicoureteric reflux (VUR) but 
in the absence of VUR, long-term antibiotic prophylaxis is not 
indicated—except perhaps as an adjunct to bladder retraining in 
children whose UTIs are related to dysfunctional voiding. 


Investigation 
Diagnostic imaging is aimed at identifying underlying anatomical 
abnormalities of the urinary tract which pose a risk of further UTIs, 
serious illness, or renal scarring.® 

Historically, urological abnormalities (notably VUR) were iden- 
tified in up to 30% of children referred for investigation. While this 
may still be true of young infants, the yield of positive findings in 
older children is now probably of the order of 10% or less. The ben- 
efits of investigation must therefore be balanced against the risk of 
overinvestigating children with normal urinary tracts.” 

The benefits and drawback of imaging modalities used for this 
purpose in children are summarized in Table 8.2.1. 


Ultrasound 


Ultrasonography is widely used as an initial screening test to 
detect dilatation (regardless of cause) and for the assessment of 
renal size, renal outline, cortical scarring,? and the presence of 
calculi. Ultrasound also provides valuable information on bladder 
wall thickness, bladder emptying, and assessment of post-voiding 
residual urine. 

It is not, however, a reliable modality for the detection of VUR. 
Blane and associates!° found that ultrasound appearances were 
normal in 74% of refluxing units. Moreover, in 28% of cases the 
VUR ‘missed’ on ultrasound was grade III or higher. Similar results 
have been reported from other studies. 


DMSA scintigraphy 


Tc 99™ DMSA is the most sensitive modality for visualizing renal 
scarring and also provides an accurate measure of differential renal 
function. 


Micturating cystourethrography 


Although this invasive investigation is now used far more selectively 
than in the past, it retains an important role because it provides ana- 
tomical information on the lower urinary tract and permits grading 
of the severity of VUR. The study is performed under prophylac- 
tic antibiotic cover with contrast being introduced into the bladder 
using a 4-6 Fr feeding tube or via an indwelling catheter which has 
been left in situ at the time of cystoscopy. The radiation dosage has 
been greatly reduced by modern radiology techniques 


Indirect MAG3 renocystography 


Although this has been promoted as a non-invasive alternative to 
micturating cystourethrogram (MCUG), it nevertheless requires 
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Table 8.2.1 Summary of imaging modalities used in children following urinary tract infection 


Imaging modality Strengths 


Weaknesses 


Ultrasound on-invasive, readily available, and inexpensive Unreliable for the detection of mild/moderate degrees of reflux 

maging not dependent upon functioning kidney(s) Poor sensitivity for the detection of minor scarring 

‘Real time’ visualization of the bladder, with measurement of Operator dependent 

post-void residual 
DMSA Provides reliable, reproducible information on renal scarring and nvasive (requires IV cannulation) 

differential functionUseful for visualizing poorly functioning ectopic Radiation dosage (small) 

idneys bas TEES 
y Limited availability 

Micturating Remains the ‘gold standard’ investigation for vesicoureteric reflux nvasive, requiring urethral catheterization 
cystourethrogram Visualization of lower tract anatomy (e.g. posterior urethral valves) Radiation exposure (although this is greatly reduced with modern 
(MCUG) echniques) 
Indirect cystography Less invasive than MCUG (but requires IV cannulation) Limited to children who are potty-trained and cooperative 
(MAG3) More physiological for detection of VUR during normal voiding Requires IV cannulation 

Provides additional information on renal function Poor sensitivity for the detection of low grade VUR 

Does not provide the anatomical information yielded by MCUG 

Intravenous urogram Potential to demonstrate derail of upper tract abnormalities not ow rarely used in children because functional and anatomical 


(IVU) always evident on other modalities 


information can be obtained using less invasive modalities 


the intravenous injection of the tracer. Indirect nuclear cystogra- 
phy can only be used in toilet-trained children and does not yield 
the anatomical information provided by a conventional MCUG. 
Its use is therefore largely limited to follow up rather than initial 
investigation. 


Intravenous urography 


Intravenous urography (IVU) no longer plays any meaningful role 
in the investigation of UTI in children. 


National Institute of Clinical Excellence guidelines 


The diagnostic protocols advocated in the 2007 NICE guidelines 
can be applied across a range of primary, secondary, and tertiary 
practice.? Although many aspects of the guidelines have been 
widely accepted, concern has been expressed regarding the poten- 
tial for significant underlying urological abnormalities to remain 
undetected if an ultrasound scan is no longer performed routinely 
in every child with a proven UTI. Of additional concern is the pos- 
sible risk that the highly selective use of micturating cystourethrog- 
raphy advocated in the guidelines will result in clinically significant 
VUR remaining undiagnosed. From their experience, Lytzen and 
associates!! concluded that use of the guidelines was not appropri- 
ate for children experiencing their first episode of pyelonephritis. 
By contrast, Deader and associates!” analysed a series of 346 chil- 
dren with UTI and concluded that significant abnormalities would 
not have been missed if they had been investigated in accordance 
with the NICE guidelines. 


A practical approach to investigation 


This is largely determined by the age of the child and the severity 
and nature of the urinary tract infection. 


Infants aged 0-6 months 


For those who respond well to antibiotic treatment within 48 hours, 
an ultrasound scan should be performed within six weeks. If this is 


normal, no further investigations are required. The occurrence of 
further UTIs is, however, a strong indication for additional investi- 
gations, including DMSA and MCUG. 

A DMSA scan is indicated when a UTI does not respond within 
48 hours or is categorized as ‘atypical’* according to the NICE 
guidelines. Where possible, this investigation should be deferred 
for four to six months in order to distinguish between acute, revers- 
ible changes and established renal scarring. Antibiotic prophylaxis 
should be maintained until the results of the DMSA (and MCUG) 
are known. 

* An atypical UTI is defined by one or more of the following 
features: 


+ Systemic symptoms 

+ Fever >38.5°C 

+ Impaired urine flow 

+ Abdominal or bladder mass 

+ Elevated plasma creatinine 

+ Infecting organisms other than E. coli 
+ Positive family history (e.g. of VUR) 


If the initial ultrasound scan reveals abnormal findings, further 
investigation is guided by the nature of the findings. For example 
a MAG3 scan would be more appropriate rather than a DMSA 
renogram if the appearances are indicative of obstruction and an 
MCUG would be indicated by the finding of a distended, thick- 
walled bladder. 


Children aged six months to three years 


The NICE guidelines do not advocate a routine ultrasound scan for 
children in this age range whose UTI responds well to antibiotic 
treatment within 48 hours. Nevertheless, many paediatric clini- 
cians remain uncomfortable with this particular recommendation 
and continue to routinely screen young children with an ultra- 
sound scan—even after a ‘typical’ UTI. 


Children whose UTI does not respond promptly to antibiotic 
treatment or falls within the ‘atypical’ criteria (set out above) should 
be investigated by ultrasonography and, in most cases, a DMSA 
scan after four to six months. 

Recurrent UTIs require investigation with a DMSA scan to look 
for scarring (denoting probable VUR)—even if the ultrasound 
findings are normal. MCUG is performed on a more selective basis 
in this age group, for example when there is a family history of 
VUR, any suggestion of poor urinary stream, ureteric or bladder 
dilatation on ultrasound, or cortical scarring on DMSA. 


Children aged three years and upwards 


No diagnostic imaging is required following a first UTI which 
responds well to treatment within 48 hours. Ultrasound is, how- 
ever, indicated when a UTI does not respond promptly to antibiotic 
treatment or is accompanied by systemic symptoms or the ‘atypical’ 
features—as defined above. 

In this age group, the NICE guidelines advocate a highly select- 
ive approach to the use of DMSA. Nevertheless, many clinicians 
continue to advise a DMSA scan if the clinical picture has been 
suggestive of upper tract infection (pyelonephritis). 

When an abnormality is visualized on ultrasound, this should be 
investigated appropriately—for example, by MCUG if there is evi- 
dence of ureteric dilatation or a lower tract anomaly. 


Conclusion 


The greater risk of renal damage in infants and young children 
coupled with the higher yield of abnormal findings in this age 
group justifies a more intensive approach to investigation. By con- 
trast, asymptomatic or low-grade UTIs in older children pose little 
or no threat of renal scarring or long-term morbidity. Any bene- 
fit in identifying the small percentage with underlying urological 
abnormalities must be balanced by the importance of minimizing 
the burden of unnecessary, invasive investigations in healthy chil- 
dren.!> Nevertheless, every child should be assessed on an indi- 
vidual basis and in the final analysis; published guidelines should 
always be applied within the overall context of clinical judgement. 


Further reading 


Hiorns MP. Diagnostic imaging. (pp. 25-42) In: Thomas DFM, Duffy PG, 
Rickwood AMK (eds). Essentials of Paediatric Urology, 2nd edition. 
London, UK: Informa Healthcare, 2008. 
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National Institute for Health and Clinical Excellence. Guidelines on urinary 
tract infection in children, 2007. Available at: www.nice.org.uk/ 
cgCG054 [Online]. 

O'Toole S J. Urinary tract infection. (pp. 43-55) In: Thomas DFM, Duffy 
PG, Rickwood AMK (eds). Essentials of Paediatric Urology, 2nd edition. 
London, UK: Informa Healthcare, 2008. 
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CHAPTER 8.3 


Vesicoureteric reflux 


David EM. Thomas 


Aetiology 


The anatomy of the normal ureterovesical junction creates a valve 
mechanism preventing the retrograde flow of urine at physiological 
bladder pressures. Factors contributing to the competence of the 
antireflux mechanism include: the passive ‘flap valve’ effect of the 
intramural and submucosal course of the ureter; concentric con- 
traction of the distal ureteric wall; and elongation of the intramural 
ureter within Waldeyer’s sheath at the time of voiding. 

Primary vesicoureteric reflux (VUR) is congenital in origin 
and is believed to result from an abnormality of the ureteric bud. 
Congenital renal damage (dysplasia) is most commonly seen in 
association with high-grade VUR and is thought to reflect faulty 
reciprocal interaction between an aberrant ureteric bud and the 
metanephric mesenchyme. 

VUR has a strong genetic basis with a reported incidence in 
excess of 30% in siblings.! The risk of VUR in the offspring of 
affected of parents may be as high 50%.? Although a considerable 
number of putative genes have been studied, attempts to identify a 
single ‘reflux gene’ have so far yielded consistently negative results. 


Gender differences 


The major differences between the characteristics of primary VUR 
in males and females? probably owe more to anatomical and func- 
tional differences in the lower urinary tract than any specific sex- 
linked genetic factors. VUR in girls typically presents with urinary 
infection between the age of 2 and 7 years, is of mild to moderate 
severity and is associated with detrusor instability or other features 
of acquired bladder dysfunction in upwards of 50% of cases. By 
contrast, primary VUR in boys is more often of higher grade and 
may be detected on antenatal ultrasonography by virtue of upper 
tract dilatation and poor bladder emptying. Intrauterine bladder 
dysfunction has been implicated in the aetiology of high-grade 
VUR in male infants* with some authors postulating impaired mat- 
uration of the sphincter complex as a cause of transient functional 
outflow obstruction in the foetus. When primary VUR presents 
clinically with urinary tract infection, in boys it is generally in the 
first two years of life.® 


Classification and grading 

of vesicoureteric reflux 

VUR has been historically subdivided as being either primary or 
secondary in aetiology. Primary VUR is congenital in origin, has a 


strong genetic basis and is characterized by weakness or incompe- 
tence of the valve mechanism at the vesicoureteric junction. 


Secondary VUR results from incompetence of the valve mech- 
anism secondary to chronically elevated intravesical pressure, for 
example in cases of outflow obstruction due to posterior urethral 
valves (PUV) or cases of neuropathic bladder. Secondary VUR has 
the potential to resolve spontaneously once more normal, physio- 
logical bladder pressures have been restored, for example by abla- 
tion of PUV or by bladder augmentation for neuropathic bladder. 

In practice, the distinction between primary (anatomical) and 
secondary (functional) VUR is often less precise and acquired pat- 
terns of dysfunctional voiding play an important role in causing or 
exacerbating low to moderate grade VUR in mid to later childhood. 

The system devised by the international Reflux Study Committee” 
is the one most widely used for grading the VUR (Fig. 8.3.1). 


Reflux-related renal damage (reflux nephropathy) 


Experimental studies have demonstrated the importance of intra- 
renal reflux in promoting the transmission of organisms from the 
collecting system into the renal parenchyma. Abnormal papillae are 
located mainly in the upper and lower poles of the kidney, which 
are the areas at greatest risk of developing focal pyelonephritic 
scarring.®? 

The overwhelming weight of evidence indicates that focal renal 
scarring occurs as a consequence of pyelonephritis and that the 
reflux of sterile urine at normal voiding pressures does not cause 
ongoing renal damage. 

The presence of congenital renal damage (dysplasia) is, however, 
relatively common, particularly in association with higher grades 
of VUR. Typically, a dysplastic kidney is small, has reduced func- 
tion on DMSA, and has abnormally textured renal parenchyma on 
ultrasound. Although renal dysplasia can be diagnosed with some 
confidence on imaging in the newborn period it can prove difficult, 
if not impossible to accurately differentiate between infective and 
congenital mechanisms of renal damage once a kidney has been 
exposed to severe or recurrent pyelonephritis. 

The risk of infective renal scarring is greatest in infancy and 
experimental evidence suggests that this risk is maximal after first 
major episode of pyelonephritis. 


Clinical aspects 


Although VUR is most commonly diagnosed during the investi- 
gation of UTI, it may occasionally come to light for the first time 
in children presenting with renal insufficiency or hypertension. 
High-grade VUR in male infants is increasingly diagnosed by ante- 
natal ultrasound and asymptomatic VUR may be identified during 
screening of siblings of children with known VUR. 
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Fig. 8.3.1 Grading of Reflux. Grade |: Reflux into non-dilated ureter, reflux does not extend up to the kidney. Grade Il: Non- dilating reflux extending up to the renal 
pelvis and calyces. Grade IIl: Mild to moderate dilatation of the ureter and collecting systems but with preservation of the papillary indentation of the calyces. Grade IV: 
Dilatation of moderate severity with some “blunting” of the calyces. V: Severe reflux into tortuous and grossly dilated ureter. Extensive “blunting” of the calyces and loss 


of papillary indentation. 


Investigation 


Ultrasound 
Although a valuable screening tool in the investigation of urinary 
tract infection ultrasound has the major drawback of an unaccept- 
ably high ‘false negative’ rate for the detection of low to moderate 
grades of VUR. Even higher grades of VUR may be ‘missed’ on 
ultrasound in upwards of 25% of cases.!° 

Normal appearances on a 99™ DMSA scan do not exclude the 
presence of VUR but, conversely, evidence of scarring is strongly 
suggestive of underlying VUR and merits further investigation by 
micturating cystourethrography.!! 


Micturating cystourethrography 

Reliance on this invasive investigation has declined considerably over 
the last two decades. Nevertheless, it remains the most accurate investi- 
gation for the diagnosis and grading of VUR and, unlike other imaging 
modalities, MCUG also permits detailed visualization of the anatomy 
of the bladder outflow and urethra. This is particularly important in 
males in view of the possible presence of outflow obstruction. 


Natural history of vesicoureteric reflux 


Numerous follow-up studies in sizeable cohorts of children have 
consistently documented the tendency for VUR to resolve spon- 
taneously during the course of childhood.!* The spontaneous reso- 
lution rate for grade I VUR is of the order of 85% and for grade II 
VUR 60%. Even grade III VUR has a spontaneous resolution rate 
of 45% to 50%. By contrast, the spontaneous resolution rate for 
higher grades of VUR is much lower, being of the order of 5-10% 
for grade IV VUR and less than 5% for grade V VUR. The spontan- 
eous resolution of VUR probably results largely from an increase in 
the absolute and relative length of the intramural and submucosal 
ureter leading to strengthening of the ‘flap valve’ component of the 
antireflux valve mechanism. 


Management 


Historically, the management of VUR consisted of either ‘medical’ 
management—relying mainly on continuous antibiotic prophylaxis 


or open ureteric reimplantation. Over the last two decades, however, 
the surgical management of VUR has been revolutionized by the 
introduction of endoscopic treatment!*-4 with the result that open 
surgery now plays a far more limited role. Moreover, the efficacy of 
long-term antibiotic prophylaxis for the prevention of UTI has been 
called into question. One large, systematic literature review found 
no difference in the incidence of UTIs in children with VUR who 
were maintained on antibiotic prophylaxis compared with those 
who were not. However, the study populations were heterogeneous 
and the methodology employed in most published studies was not 
of high quality.!° By contrast the Swedish randomized, controlled 
trial found that antibiotic prophylaxis was effective in reducing the 
incidence of UTIs in girls—but not in boys.!® The published evi- 
dence is, however, more conclusive in demonstrating a reduced risk 
of new renal scarring in children receiving antibiotic prophylaxis. 


Medical or surgical management? 


Over the last three decades, a number of controlled studies have 
been undertaken in an attempt to determine which is more effect- 
ive: medical or surgical treatment. The results of these trials have 
mostly been inconclusive with neither form of treatment being 
shown to be significantly superior to the other.!7-!9 

Unlike earlier studies, the treatment arms of the recent Swedish 
reflux trial included endoscopic correction and ‘surveillance’ (in 
which children did not receive regular antibiotic prophylaxis, 
but were treated only if they developed a urinary tract infection). 
A total of 203 children with grades III or IV VUR were recruited 
to this prospective study and their outcomes were assessed after a 
minimum of two years.?° Endoscopic treatment had the highest 
rate of resolution or downgrading (71%) of VUR, the correspond- 
ing figures for surveillance and antibiotic prophylaxis being 47% 
and 39%, respectively.*! However, antibiotic prophylaxis had the 
lowest incidence of breakthrough UTIs (19% vs. 23% for endo- 
scopic treatment and 57% in the surveillance arm of the study.!® 
The incidence of new scarring (6%) was also lowest in those chil- 
dren receiving antibiotic prophylaxis.” 

In summary, the weight of available evidence indicates that con- 
servative management centred on the use of regular antibiotic 
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prophylaxis remains the management of choice for children with 
grades I and II VUR. A strong argument can also be made for 
prophylaxis in the management of grade III and grade IV VUR— 
although endoscopic correction may be regarded by some parents 
as preferable to long-term antibiotic use. 

Since the published evidence on several aspects of VUR is of 
poor scientific quality or is incomplete, it is inevitable that pub- 
lished guidelines must, to some extent, be based on the empirical 
recommendations of their authors.?324 


Medical management 


This approach relies on the use of continuous antibiotic prophylaxis 
to maintain sterile urine until such time as the reflux has resolved 
spontaneously or is no longer giving rise to urinary infection. 
Trimethoprim is the agent of choice. The dosage is 1-2 mg per kg 
per day administered as single night-time dose. Nitrofurantoin is 
an alternative agent, but since this is often poorly tolerated, an oral 
cephalosporin may be a more palatable alternative. Active treat- 
ment of any underlying dysfunctional voiding is a key element of 
successful medical management, with particular emphasis on regu- 
lar voiding and elimination of post-void residual urine.?>-?” 

When there is evidence of detrusor instability, anticholinergic 
medication should also be considered. Antibiotic prophylaxis is 
maintained in younger children until they are fully potty-trained 
and have acquired a reliable voiding pattern. For those presenting 
later in childhood (usually girls), prophylaxis is maintained until 
any underlying dysfunctional voiding has been effectively treated 
and the urine has remained clear of infection for a year. It is not 
usually necessary to repeat the contrast MCUG before discontinu- 
ing prophylaxis in a child who is well and remaining infection-free. 


Endoscopic correction 


Developed and popularized by O’Donnell and Puri,!*!4 endo- 
scopic treatment gained widespread acceptance following the 
introduction of dextranomer-hyaluronic acid copolymer as the 
injectable implant material. In the standard technique, the nee- 
dle enters the submucosal plane below the ureteric orifice at a 
‘6oclock’ position and the implant material is injected to create 
a mound, creating a crescent-shaped configuration at the ureteric 
orifice (Fig. 8.3.2A). In cases of high-grade VUR, the tip of the 
cystoscope can be advanced through the ureteric orifice and 


(A) (B) 
X á 


the implant material is injected into the wall of the distal ureter. 
Endoscopic correction has reported success rates in excess of 
90% for low-grade VUR and up to 80% for grades II/HI VUR— 
although more than one injection may be required. Grades IV 
and V VUR are far less amenable to endoscopic correction.?®9 It 
is important to note that, with few exceptions, authors have lim- 
ited their definition of ‘success’ to the correction (or downgrad- 
ing) of VUR without reporting the incidence and severity of UTIs 
before and after treatment. 


Ureteric reimplantation 


Ureteric reimplantation was previously the mainstay of surgical 
treatment of VUR.*° The Cohen procedure (Fig. 8.3.2B) is rela- 
tively straightforward and has a very high success rate coupled with 
a low incidence of complications. For grossly dilated ureters, the 
Politano-Leadbetter reimplantation may be preferable, particularly 
when combined with a psoas hitch procedure to obviate the risk of 
kinking at the entry site into the bladder (Fig. 8.3.2C). Extravesical 
antireflux procedures such as the Lich and Gregoir operations have 
gained increasing acceptance in recent years, since they are claimed 
to cause less postoperative discomfort than intravesical reimplanta- 
tion techniques (Fig. 8.3.2D). 


Other surgical options 


Circumcision is a simple measure which can sometimes prove 
highly effective in preventing UTIs in infants with high-grade VUR 
for whom vesicostomy or ureteric reimplantation might otherwise 
be considered. 

Correcting high-grade VUR in small infants is technically chal- 
lenging, has a lower success rate, and is more prone to complications. 
For these reasons cutaneous vesicostomy is a valuable temporizing 
manoeuvre in this age group and is usually very effective in pre- 
venting symptomatic febrile UTIs and promoting drainage of the 
refluxing upper tracts. Ureteric reimplantation can be combined 
with closure of the vesicostomy towards the end of the second year 
of life. Refluxing loop ureterostomy has also been advocated for this 
purpose. Finally, nephroureterectomy may be considered when dif- 
ferential function is less than 10% and the contralateral kidney is 
healthy. With the advent of laparoscopic urology, this is a consid- 
erably less invasive procedure than the open approach employed 
in the past. 
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Fig. 8.3.2 Surgical options for correction of VUR. (A) Endoscopic. Submucoslal injection of implant material beneath refluxing ureteric orifice. (B) Cohen ureteric 
reimplantation; (C) Leadbetter ureteric reimplantion; and (D) Lich Gregoir ureteric reimplantation. 
Republished with permission of Taylor and Francis Group, LLC from Essentials of Paediatric Urology, David F. M. Thomas, Patrick G. Duffy, and Anthony M. K. Rickwood, (Eds.), CRC Press, Taylor and 


Francis Group, Florida, USA, Copyright © 2002; permission conveyed through Copyright Clearance Center, Inc. 


Conclusions 


Vesicoureteric reflux is not a disease entity in the conventional 
sense but, rather, a variable manifestation of abnormal anatomy, 
disordered lower tract function, or the interaction of both fac- 
tors. The principal aims of treatment are to prevent urinary tract 
infection and protect the kidneys against the risk of acquired 
renal scarring. Medical management remains the preferred 
option for children with mild to moderate VUR. In addition to 
long-term antibiotic prophylaxis, it is important to recognize and 
actively treat any underlying pattern of dysfunctional voiding. 
When surgical intervention is indicated, endoscopic correction 
is now the preferred technique for correcting mild to moder- 
ate grades of VUR. Ureteric reimplantation and other surgical 
options retain an important role in the management severe or 
complicated VUR. 
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CHAPTER 8.4 


Disorders of the kidney and 
upper urinary tract in children 


Kim Hutton 


Pelviureteric junction obstruction 


The term ‘hydronephrosis’ is often loosely applied to this condi- 
tion. Pelviureteric junction obstruction (PUJO) is characterized by 
defective transport of urine across the pelviureteric junction (PUJ) 
leading to elevated pressure within the renal collecting system and 
dilatation of the pelvis and calyces. 


Aetiology 


PUJO is caused by either intrinsic,!~4 extrinsic or intraluminal 
abnormalities** in the vicinity of the PUJ. Horseshoe kidneys are 
prone to PUJO, as are duplex or pelvic kidneys. PUJO is also occa- 
sionally secondary to severe vesicoureteric reflux.’ 


Presentation 


The majority of cases of PUJO are detected prenatally and most 
affected infants are completely asymptomatic at birth. Mild renal 
dilatation is present in 1% of foetuses whereas significant foe- 
tal uropathy occurs in 1 in 600 pregnancies. PUJO accounts for 
approximately 35% of significant foetal uropathies® and the overall 
incidence is in the region of 1 in 1,000-2,000 live births. Clinical 
presentation in older children typically consists of loin or abdom- 
inal pain, urinary tract infection (UTI), haematuria (often after 
relatively mild trauma), stone formation or, (rarely) hypertension. 
PUJO complicated by infection may present acutely as pyonephro- 
sis, with swinging pyrexia and a tender flank/abdominal mass. 
PUJO occurs twice as commonly in males than females, the left 
kidney is involved in two-thirds of cases and in 10-20% of cases the 
condition is bilateral. 


Diagnosis of obstruction 


Obstruction can be defined as any restriction to urinary outflow, 
which, if left untreated, will lead to progressive deterioration of 
function in the affected kidney.® To clinicians, however, it seems 
illogical to wait until functional deterioration has occurred before 
intervening. One of the prime aims of investigation, therefore, is 
to differentiate between those hydronephrotic kidneys whose func- 
tion is destined to deteriorate and those whose function is likely 
to be maintained and remain stable over time. Unfortunately 
there is no single ‘gold standard’ test for obstruction and for 
this reason, clinical decision-making often has to be guided by 
a pragmatic interpretation of the results of different diagnostic 
tests—notably renal ultrasound (Fig. 8.4.1) and technetium 99m 


mercaptoacetyltriglycine (MAG3) renography. Parameters taken 
into account include morphology of the kidney, severity of hydro- 
nephrosis, and whether it is stable or increasing. Functional assess- 
ment is based on differential function and the characteristics of the 
renogram curve, as classified by O’Reilly.!° Magnetic resonance 
urography (MRU) is used increasingly as a means of obtaining ana- 
tomical and functional information from a single test. However it 
is relatively expensive and requires the use of sedation or general 
anaesthesia in children.!! Although the interpretation of results 
is relatively straightforward in symptomatic children, this is more 
difficult in asymptomatic children—particularly infants with pre- 
natally detected hydronephrosis. 

The intravenous urogram is obsolete and the antegrade pressure- 
flow test devised by Whitaker is rarely used nowadays. However 
there is still a limited role for retrograde/antegrade contrast studies 
to delineate unusual anatomy or prior to ‘re do’ pyeloplasty. 


Management of prenatally detected PUJO 


In cases of unilateral hydronephrosis the initial postnatal ultra- 
sound scan can be deferred until 7-10 days of life. Indeed, scan- 
ning in the first 24-48 hours may underestimate the true severity 
of dilatation since urinary output is reduced in the early newborn 
period. However, an early postnatal scan is indicated for hydrone- 
phrosis affecting a solitary kidney or significant bilateral hydrone- 
phrosis. Evaluation of such cases should also include a micturating 
cystourethrogram (MCUG). By contrast, the MCUG can usually 
be omitted in cases with unilateral hydronephrosis since any 
coexisting vesicoureteric reflux (VUR) is likely to be low grade and 
self limiting. Diuretic renography is performed at 4-12 weeks of 
age depending of the severity of dilatation. A decision must then 
be taken on whether to proceed to early pyeloplasty or to adopt 
a conservative approach comprising regular ultrasound scans and 
MAG3 renography. Initially, conservative management is gener- 
ally appropriate if the renal anterior-posterior (AP) pelvic diameter 
in the transverse plane is <30 mm and differential function 40% 
or greater. Of those infants who fulfil the criteria for conservative 
management the majority will experience resolution of their hydro- 
nephrosis over time. Twenty-five per cent (25%) of conservatively 
managed infants will, however, come to pyeloplasty—although very 
few of these experience irreversible loss of function.!2-!> A conser- 
vative approach can also be adopted for prenatally detected bilateral 
hydronephrosis providing that careful follow-up is maintained and 
strict indications for surgical intervention are observed.16 
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20.1 mm 


Fig. 8.4.1 Renal ultrasound of a four-month old infant with prenatally detected right hydronephrosis showing dilatation with an anterioposterior (AP) pelvic diameter of 
20 mm and cortical thinning. The MAG3 renogram (not shown) revealed an obstructed curve with 20% differential function. This infant proceeded to pyeloplasty. 


Surgical management of pelviureteric 
junction obstruction 


Acute presentation with infection within the obstructed system 
(pyonephrosis) requires treatment with broad spectrum intra- 
venous antibiotics and prompt percutaneous nephrostomy drain- 
age under general anaesthesia. A subsequent antegrade study will 
confirm the presence of obstruction at the level of the PUJ and a 
technetium 99m dimercaptosuccinic acid (DMSA) scan after three 
to four weeks of temporary urinary diversion will then permit an 
informed decision on whether to proceed to pyeloplasty or neph- 
rectomy (if residual differential function is less than 10-15%). 

The majority of cases of PUJO do not present acutely and surgery 
can therefore be planned on an elective basis. Although a number 
of surgical options are available, the procedure of choice is almost 
invariably a dismembered pyeloplasty performed by either an open 
or laparoscopic approach. 


Endourological procedures 


Balloon dilatation or endopyelotomy can be performed by the 
antegrade or retrograde route. Success rates of between 65-100% 
have been reported in the 4-17 year age group.!7-!? But since the 
majority of children with PUJO undergo surgery in first year or 
two of life, even centres with sufficient expertise rarely perform 
these procedures because of technical limitations related to patient 
size. However, published results for secondary endopyelotomy 
after failed pyeloplasty of 94% success rate at 61 months’ follow- 
up suggests this approach may be a reasonable alternative to re-do 


pyeloplasty.!° 


Open surgery 

The ‘gold standard’ operation is still the Anderson and Hynes pye- 
loplasty2° which can be performed via an open anterior, loin, or 
posterior lumbotomy approach. The duration of hospital admis- 
sion has been dramatically reduced in recent years, with one centre 


reporting its experience of one day hospitalisation”! and another 
reporting a median hospital stay of 11.5 hours for pyeloplasty per- 
formed though a small flank incision.?? A minimally invasive open 
pyeloplasty using short incisions in children under one year of age 
has been described—with all patients being discharged from hos- 
pital in less than 23 hours.?3 


Laparoscopic pyeloplasty 


Increasing experience with conventional and robotic-assisted 
laparoscopic pyeloplasty has confirmed the safety and efficacy of 
this procedure in children.*4-2© Laparoscopic pyeloplasty can be 
performed via a retroperitoneal or transperitoneal approach. The 
advantages claimed for laparoscopic pyeloplasty include shorter 
hospital stay, reduced analgesic requirement, and improved cos- 
mesis.?” However, operating times are longer and the benefits 
claimed by the proponents of laparoscopic pyeloplasty have yet to 
be adequately evaluated by randomized controlled trails.7829 


Laparoscopic transposition lower pole vessels 


This technique is used in cases where the obstruction is thought to 
be caused by extrinsic vascular compression of the PUJ by lower 
polar crossing vessels (rather than intrinsic pathology of the PUJ). 
The renal vessels are mobilized, transposed superiorly, and fixed 
(‘pexed’) at a short distance from the PUJ by creating a sutured 
‘hammock of anterior pelvis.3°>! When used selectively the short 
term results appear encouraging. 


Protection of the anastomosis/drainage 


There is no consensus on the use of indwelling JJ stents to provide 
postoperative internal drainage across the anastomosis. A one- 
year multicentre audit of 220 pyeloplasties under the auspices of 
The British Association of Paediatric Urologists did not identify 
any difference in complications and outcomes between stented and 
unstented groups (K. Hutton, unpublished data). Unlike indwelling 
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JJ stents, nephrostent devices drain externally, and do not require 
cystoscopic removal under general anaesthesia. 


Complications of surgery 


The major complications are prolonged postoperative urinary leak- 
age and persistent or recurrent obstruction. Less serious complica- 
tions include haematoma, wound infection, UTI, and stent-related 
problems. Providing a wound drain has been placed in the perire- 
nal space at the time of surgery, any urinary leakage usually set- 
tles within a few days. If leakage is significant and a non-stented 
anastomosis was performed consideration should be given to the 
endoscopic placement of a JJ stent. Leakage, if properly managed, 
does not appear to affect success rates of surgery.** Early post 
operative obstruction is rare and is managed with either a JJ stent 
or nephrostomy. 


Results of surgery and long-term follow-up 


The success rate of pyeloplasty is in excess of 95%, which is maintained 
thereafter, with a late recurrence risk of 1-2% after 5-10 years.*? 
Re-do pyeloplasty or ureterocalycostomy for failed pyeloplasty have a 
similarly high success rate. 


Vesicoureteric junction obstruction 


Vesicoureteric junction obstruction (VUJO) is invariably associated 
with the ultrasound finding of megaureter (Fig. 8.4.2.). However, 
it is important to note that VUJO is only one cause of ureteric 
dilatation, the others being gross VUR (‘refluxing’ megaureter), 
non-obstructive dilatation, and a combination of reflux and 
obstruction—as described in King’s classification of megaureter.*4 
Primary VUJO is usually associated with the presence of an ady- 
namic segment of distal ureter leading to inefficient urine transport. 
Anatomical narrowing (stenosis) of a distal ureteric segment is less 
common. Secondary obstruction can occur in cases of neuropathic 
bladder and bladder outflow obstruction. 


Aetiology 


A number of histological abnormalities have been identified in the 
distal portion of obstructed megaureters notably; increased colla- 
gen deposition, hypertrophy of circular muscle fibres and an add- 
itional circumferential layer of intramural smooth muscle.*° Other 
reported abnormalities include increased myocyte apoptosis in the 
obstructed ureteric segment*® and absent or reduced numbers of 
interstitial cells of Cajal.>” 


Clinical presentation 


Most cases of primary nonrefluxing megaureter are now detected 
prenatally and affected infants are usually asymptomatic. Primary 
obstructive megaureter is more common in males, is more frequent 
on the left side and is bilateral in 25% of cases.>® The features of 
clinical presentation are variable and include: urinary tract infec- 
tion, haematuria, abdominal pain, urolithiasis, failure to thrive, and 
abdominal mass. VUJO may sometimes occur intermittently.*° 


Investigation 


Ultrasound cannot reliably distinguish between obstruction and 
reflux and for this reason investigation of a megaureter should 
always include an MCUG. When VUR has been excluded, further 
investigation consists of a MAG3 renogram to evaluate function 
and drainage. 

Bilateral dilatation of ureters and renal collecting systems (hyd- 
roureteronephrosis) demands urgent investigation by ultrasound 
and MCUG to exclude bladder outlet obstruction or high grade 
VUR. The administration of frusemide during the MAG3 is essen- 
tial because drainage curves can be difficult to assess in the pres- 
ence of marked ureteric dilatation. Imaging with the child in an 
upright position and obtaining post micturition views permits 
more reliable interpretation of the drainage curve. Contrast studies 
may be required where a coexisting PUJO and VUJO are suspected. 
Retrograde ureteric catheterization can be technically difficult in 


Fig. 8.4.2 Postnatal ultrasound showing hydroureter behind the bladder in a case of prenatally detected vesicoureteric junction obstruction (VUJO). 
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cases of VUJO and percutaneous renal puncture and antegrade 
pyelography may therefore be needed to accurately define the level 
of obstruction. Although not widely used at present, a MRU pro- 
vides both anatomical and functional assessment in a single study.*° 


Management of prenatally detected 
vesicoureteric junction obstruction 


The outcome of conservative management and the natural his- 
tory of VUJO have been reported from a number of centres. For 
example, Liu et al. reported on 67 megaureters in 53 newborns 
with a median follow-up of 3.1 years. Dilatation resolved spontan- 
eously in 23 megaureters (34%) but persisted in 33 (49%). Surgery 
was performed on 11 megaureters (17%) for breakthrough infec- 
tion or deteriorating function.4! Spontaneous resolution pro- 
ceeds more slowly and is less likely to resolve completely when 
the anterior-posterior diameter of the dilated ureter exceeds 
1 cm. The rate of surgical intervention is also higher.** Although 
congenital obstructed megaureter generally behaves as a benign 
condition,*#4 the natural history is not entirely predictable and the 
occurrence of increasing dilatation and/or deteriorating function is 
well documented. Although rare, stone formation is another late 
complication. For these reasons it is probably prudent to maintain 
regular ultrasound surveillance until the individual reaches matur- 
ity—at least in those cases with persisting hydroureteronephrosis.*” 
Most paediatric urologists prescribe prophylactic antibiotics in the 
first year or two of life but in the absence of any randomized con- 
trolled trials it is unclear whether prophylaxis is effective—and, if 
so, its optimal duration. 


Surgical management 


The principal indications comprise: reduced function (differen- 
tial function <40%) on initial evaluation; deteriorating function 
on follow-up; increasing hydroureteronephrosis; and the develop- 
ment of symptoms such as pain or UTI. The decision to operate 
in clinically presenting cases is usually straightforward. Children 
presenting with minor UTI can be managed by antibiotic prophy- 
laxis pending spontaneous resolution of the megaureter but surgery 
is indicated in cases of primary megaureter complicated by more 
severe or recurrent UTIs. 


Temporary JJ stent insertion 


The use of JJ stents as a temporizing manoeuvre in neonates and 
infants with VUJO has gained popularity since it was first described 
by Shenoy and Rance in 1999.46 This approach avoids the difficulty 
of reimplanting a grossly dilated ureter into a small infant bladder 
and provides time for possible spontaneous resolution of obstruc- 
tion. Complications include stent migration, stone formation and 
urinary infection (in 32-70% of patients). Endoscopic insertion 
is often not feasible in small infants and open transvesical stent 
placement is therefore required in 50-68% of cases. Although ini- 
tially described as a temporizing manoeuvre it has been reported 
that a period of indwelling stent drainage may constitute definitive 
treatment in approximately 50% of cases, thus avoiding the need 
for open surgery following stent removal.4”48 However, JJ stent 
drainage is not guaranteed to prevent further functional deterior- 
ation and one study reported a 13% nephrectomy rate despite JJ 
stenting.*® 


Other endourological procedures 


Although rarely used, endoureterotomy combined with JJ stenting 
has been described, with a reported success rate of 90%.4? High 
pressure balloon dilation and temporary JJ stenting has also been 
described as an alternative to open surgery, with a success rate of 
77-100%.9°-52 


Temporary internal or external diversion in children 
under one year of age 


Many surgeons prefer to avoid performing definitive surgery for 
megaureters in the first 6-12 months of life because of technical 
difficulties and anecdotal evidence of a subsequent risk of iatro- 
genic neuropathic bladder/sphincter dysfunction. Previously, a 
loop or end ureterostomy was employed as a temporary diversion 
to decompress the obstructed system pending reconstruction at 
a later date. More recently, a novel method of internal diversion 
has been described using a refluxing ureteral reimplant, with a 
proximal end to side anastomosis between the dilated ureter and 
bladder. This promising approach is preferable to an exteriorized 
ureterostomy and represents a reasonable alternative to temporary 
JJ stenting.>3>4 


Open surgery 

The standard open surgical approach consists of excising the vesico- 
ureteric junction and reimplanting the megaureter using either a 
Cohen cross-trigonal tunnel or, alternatively a Politano-Leadbetter 
reimplantation combined with psoas hitch. A grossly dilated ureter 
can be remodelled using an excisional tapering,” ureteric folding,*° 
or imbrication*” technique prior to reimplantation. More recently, 
an extravesical approach has been successfully employed for treating 
megaureters.°8 


Laparoscopic surgery 


Although the feasibility of laparoscopic and robotic-assisted pro- 
cedures has been documented, medium and long-term results are 
awaited.59.6 


Complications of surgery 


The major complications are; persisting obstruction or iatrogenic 
VUR due to a failure to create an adequate anti reflux mechan- 
ism at the time of reimplantation. Some degree of residual upper 
tract dilatation is not unusual but significantly impaired drainage 
requires careful re-evaluation and possible further intervention. 
Postoperative VUR often improves spontaneously or can be man- 
aged by endoscopic injection. 


Results of surgery and long-term follow-up 


Surgical correction of VUJO is highly effective with a success rate 
of 90-94%.61-63 A successful surgical outcome almost invariably 
results in stabilization of renal function. 


Renal duplication anomalies 


Post-mortem data put the incidence of duplication anomalies in 
the general population at 0.8%.® There is no predominant lateral- 
ity but the anomaly is found bilaterally in 20-40% of cases. Girls 
are affected twice as frequently as boys and a there is strong genetic 
predisposition, with an 8% incidence in siblings of index cases. The 
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mode of inheritance is believed to be autosomal dominant trans- 
mission with incomplete penetrance. 


Classification 


The majority of duplication anomalies are ‘incomplete’ and con- 
sist of either a bifid pelvis or bifid ureters. Affected individuals are 
often asymptomatic. Duplication is defined as ‘complete’ when both 
ureters remain separate throughout their course and drain into the 
bladder via two distinct orifices. The Weigert-Meyer rule describes 
the usual anatomical pattern whereby the upper pole orifice lies in a 
more medial and caudal position than the lower pole orifice. This is 
a consequence of repositioning of the ureters during incorporation 
of the mesonephric duct into the trigone in early embryological 
development. 

Additional abnormalities can affect either upper or lower pole 
ureters. In the case of the upper pole these are related to ureteric 
ectopia or a duplex system ureterocele. An intravesical uret- 
erocele is located entirely within the bladder whereas all or part 
of an ectopic ureterocele is sited at the bladder neck or within 
the urethra.®’ Ureteroceles can be further classified as stenotic, 
sphincteric, sphincterostenotic, cecoureteroceles, blind, and non- 
obstructive.® They can also be defined by reference to the number 
of renal units in jeopardy. The commonest associated abnormal- 
ity of the lower pole is VUR. 


Presentation 


Duplex kidneys are being increasingly identified prenatally and it 
is usually possible to make a reasonably accurate anatomical diag- 
nosis from the ultrasound findings.”° Ultrasonographic features 
commonly comprise two separate renal pelvises and/or dilatation 
of a single moiety with a dilated ipsilateral ureter or ureterocele.”! 
Affected newborns are mostly asymptomatic and their initial man- 
agement consists of an ultrasound at three to seven days of life and 
commencement of a prophylactic antibiotic. More urgent imaging is 
indicated when antenatal ultrasonography has demonstrated bilat- 
eral upper tract dilatation associated with an ureterocele since this 
finding is suggestive of bladder outflow obstruction. In most cases, 
however, further imaging (MCUG and isotope renography) can be 
deferred until 6-12 weeks of age. When not detected prenatally, 
duplication anomalies present clinically with; severe systemic illness 
associated with septicaemia, acute or chronic retention, epididymo- 
orchitis, and in a girl a discoloured introital mass representing a pro- 
lapsed ureterocele, or dribbling incontinence. The latter is associated 
with an ectopic ureter and is almost exclusively restricted to girls.” 
MRU is a valuable means of demonstrating a cryptic duplex system 
and ectopic ureter causing incontinence (Fig. 8.4.3). 


Vesicoureteric reflux 


Urinary tract infection in association with children with duplica- 
tion anomalies is most commonly linked to VUR.” This usually 
affects the lower pole moeity but both moeities are occasionally 
involved and ectopic ureters which drain into the urethra or blad- 
der neck are also prone to reflux during voiding. Ultrasound typic- 
ally shows a dysplastic or scarred lower moiety with a dilated lower 
pole collecting system and ureter. DMSA is used to assess paren- 
chymal defects and estimate the differential function in the upper 
and lower poles of the affected kidney. 

Conservative management of low grade (1 and 2) VUR is suc- 
cessful with resolution rates comparable for those in single system 


Fig. 8.4.3 Magnetic resonance urography (MRU) in a girl with dribbling 
incontinence. This demonstrates bilateral duplication. Interestingly, two ureteric 
orifices were seen on both sides of the bladder on cystoscopy. Retrograde studies 
showed an uncomplicated complete duplication on the right. On the left side, 
the medial and more caudal orifice was associated with a normal lower pole 
moiety, while the lateral and more cranial orifice was associated with a markedly 
dilated tubular structure accompanying the lower pole ureter but ending blindly 
in the iliac fossa. A left ureteric triplication with upper pole ectopic ureter was 
diagnosed. Left upper pole heminephrectomy was performed and her wetting 
ceased. 


VUR. High grade VUR is more likely to require intervention due to 
breakthrough infections or new renal scarring.” Minimally inva- 
sive endoscopic correction has a reported success rate of 63-85% 
in treating VUR in duplex systems”*.”° while open surgery (either 
by intravesical reimplantation of both ureters within their common 
sheath”” or an extravesical technique’*7°) has a success rate of 98%. 
A relatively simple, effective but underused alternative consists of 
performing a low ureteroureterostomy between the refluxing ureter 
and non-refluxing upper pole ureter.®°.*! If the relevant expertise is 
available the procedure can be performed laparoscopically.82 When 
function in the lower pole is poor (<10%) heminephroureterec- 
tomy is usually indicated,via an open or laparoscopic approach. 


Ureteroceles 


Non-operative management is possible in selected patients who 
do not have bladder outflow obstruction.*3-86 Endoscopic punc- 
ture can be performed to decompress and drain an acutely infected 
system or as a definitive treatment for intravesical ureteroceles.87- 
However, endoscopic puncture is less suited to ectopic ureteroce- 
les because of a significant failure rate and subsequent requirement 
for more extensive intervention (e.g. because of recurrent urinary 
infections). More definitive surgical management may include: ure- 
terocele excision and reimplantation of upper and lower pole ure- 
ters; ipsilateral ureteroureterostomy or extensive reconstruction 
involving the ipsilateral upper and lower tracts. In cases without 
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lower pole VUR, upper pole heminephrectomy is often cura- 
tive.?!-°3 Conversely, it may occasionally be reasonable to consider 
limiting surgery to correction of lower pole VUR while leaving a 
poorly functioning upper pole moiety in situ.°4 

Small, single system (orthotopic) ureteroceles may not require 
any form of intervention if they are not giving rise to obstruc- 
tion. When accompanied by upper tract dilatation and evidence of 
obstruction on dynamic renography, treatment of an orthotopic, 
single system ureterocele is generally advisable in view of the risks 
of infection and stone formation. Endoscopic deroofing is prefer- 
able to simple puncture but definitive treatment consists of excision 
of the ureterocele combined with ureteric reimplantation. 


Ectopic ureter in duplex kidneys 


On prenatal ultrasonography ectopic ureters may be apparent as 
dilatation of the upper pole moeity and absence of a demonstrable 
ureterocele in the bladder. Ectopic ureters which enter the lower 
urinary tract above the sphincter mechanism (suprasphincteric) 
usually present with UTI whereas infrasphincteric ectopic ureters 
typically present in girls with dribbling incontinence superimposed 
on a background of normal voiding. Upper pole function is usu- 
ally grossly impaired and treatment therefore consists of upper pole 
heminephrouretectomy. In the rare cases with salvageable upper 
pole function, ureteric reimplantation, or ipsilateral ureteroureter- 
ostomy may be considered. Upper to lower pole ureteroureteros- 
tomy has been described as a means of avoiding ablative upper pole 
surgery while also minimizing the risk of damage to the remain- 
ing moeity and reducing visible scarring. Although this necessarily 
entails leaving poorly functioning upper pole renal tissue in situ, 
reported results have been encouraging.>”° 


Multicystic dysplastic kidney 


Multicystic dysplastic kidney (MCDK) is the most common cys- 
tic kidney disorder of childhood. The kidney is replaced by tense 
non-communicating cysts of variable size with an absence of par- 
enchymal tissue. The anomaly is usually associated with proximal 
ureteric atresia. MCDKs are non-functioning and when they occur 
bilaterally are invariably lethal. 


Aetiology and embryology 


MCDKs are thought to represent the outcome of an insult to the 
embryonic kidney caused by complete ureteric obstruction or, 
alternatively, defective interaction between the ureteric bud and 
metanephric mesenchyme. At a molecular level altered expression 
of specific genes has been documented.*”-°? Some cases of MCDK 
have been linked to prenatal exposure to antiepileptic drugs such as 
sodium valporate, carbamazepine, and phenobarbital. 100-101 


Incidence 


The reported incidence varies between 1 in 3,000—1 in 5,000,!% 
with one population-based study citing a figure of 1 in 4,300. Most 
cases are sporadic but familial occurrence with autosomal domin- 
ant inheritance with variable expressivity and reduced penetrance 
has been reported.!9 


Presentation 


Unilateral MCDKs are more prevalent in boys (59%) and the left 
side is more commonly affected than the right.!°? The overwhelm- 
ing majority of MCDKs are detected prenatally. Affected infants 


are usually entirely asymptomatic and the majority of prenatally 
detected MCDKs are impalpable on examination. Prior to the 
introduction of routine antenatal ultrasound screening MCDK 
was regarded as a rare anomaly which presented as an abdominal 
mass in the newborn. Although there are historic case reports of 
MCDK presenting with pain, haematuria, UTI, or hypertension 
in later life the accuracy of the diagnosis of MCDK in these cases 
is doubtful. A large palpable MCDK in a newborn infant can 
cause respiratory compromise, vomiting, or failure to thrive due 
to the mass effect of the lesion. In these cases early nephrectomy 
is advisable—although temporary management with ultrasound 
guided cyst aspiration has been described in sick, premature neo- 
nates.!°4 Segmental MCDK is rare and usually affects the upper 
pole of a duplex kidney.!°> Some cases of unilateral renal agenesis 
diagnosed in adult life may represent the outcome of spontaneous 
involution of a MCDK.!°% 


Associated anomalies 


Coexisting renal tract anomalies are common, with a 20% inci- 
dence of VUR and 5% incidence of PUJO in the contralateral 
kidney. Other associated anomalies include; ureteroceles (1.3%), 
horseshoe kidney (0.6%) and posterior urethral valves (0.4%). 
Progressive infundibular stenosis of the contralateral kidney has 
been reported.!°7 Ipsilateral genital tract abnormalities are present 
in up to 15% of patients, including seminal vesical cyst in boys and 
Gartner duct cyst, blind ending hemivagina,!°° and cystic acces- 
sory uterine cavity in girls.!0° 


Investigation 


The typical ultrasound appearances of a MCDK are characterized 
by loss of normal renal outline, cysts of variable size, a lack of central 
renal sinus echo, and absence of renal parenchyma (Fig. 8.4.4).1!° 
DMSA imaging shows complete absence of function. Opinion is 
divided on the need for a routine MCUG to detect coexisting VUR 
but if the contralateral kidney appears normal on ultrasound any 
VUR is likely to be low grade and destined to resolve spontan- 
eously. Several studies have confirmed the safety of omitting a rou- 
tine MCUG in these circumstances.!!!-!!3 More recently MRU has 
been recommended for evaluation of the contralateral kidney!!4 
but costs and risks have been questioned particularly when general 
anaesthesia is required.!1° 


Potential risks and complications 


Several large, systematic reviews have documented that MCDKs 
are associated with a very low risk of hypertension and malignant 
change.!!6!17 A North American MCDK Registry documented 
minimal hypertension in 4 out of 441 children—which, in all 
cases was believed to be unrelated to the MCDK.!!8 Hypertension 
is more likely to be due to pathology in the contralateral kidney 
than the MCDK itself. Using extrapolated data Beckwith calculated 
an incidence of 1 in 2,000 for Wilms tumour in MCDK.!! More 
recent data suggest that the risk is even lower. Most patients with 
a MCDK exhibit a benign clinical course with spontaneous involu- 
tion in the majority of cases. Complete involution occurs in 62% of 
MCDKs by 10 years of age, although those larger than 5 cm at birth 
are statistically less likely to regress.!?° 


Controversies in management 


There is no universal agreement on the management of MCDKs. 
A non-operative approach has been adopted by most paediatric 
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Fig. 8.4.4 Renal ultrasound of a MCDK showing cysts of varying size. 


urologists because of the low risk of complications and knowledge 
that the majority of MCDKs involute spontaneously.103-1!3.121,122 
Nevertheless, some paediatric urologists continue to favour elect- 
ive ‘prophylactic nephrectomy because of perceived risks of 
hypertension and malignant change.!?3:!24 However, it has been 
estimated that it would be necessary to remove 20,000 MCDKs 
in order to prevent one child dying from Wilms tumour.!!® The 
weight of published evidence indicates that the risk of hyperten- 
sion associated with a genuine MCDK is very low—probably in 
the range 0.5% or less. The benefits of regular follow-up ultrasound 
has been questioned.!!° Onal and Kogan have suggested that chil- 
dren with MCDKs can be safely discharged from urological follow- 
up, with their primary care provider being responsible for further 
monitoring. !?? 


Indications for surgery 


Surgery should be reserved for symptomatic patients, cases of diag- 
nostic difficulty and (very rarely) where the MCDK increases in 
size. Nephrectomy can be performed via an open or laparoscopic 
approach with minimal morbidity. 125126 


Other cystic renal diseases in childhood 


Bilateral cystic disease is almost invariably inherited in aetiology. 
The most common forms are autosomal recessive polycystic kid- 
ney disease (ARPKD), autosomal dominant polycystic disease 
(ADPKD), tuberous sclerosis complex (TSC1 and TSC2), and von 
Hipple-Lindau disease. 1?7 

ARPKD is due to a mutation of the PKHD1 gene located on 
chromosome 6p21 and presents with bilateral renal enlargement 
and liver involvement with hepatic fibrosis. The diagnosis is often 
suspected prenatally and clinical features in the neonatal period 
include respiratory compromise due to pulmonary hypoplasia or 
size of the kidneys, hypertension, and renal insufficiency. Atypical 
presentation in later childhood is with hypertension or features of 
liver failure including portal hypertension and bleeding oesopha- 
geal varices. ADPKD is a more common, slowly progressive 


condition associated with two genetic defects—PKD1 on chromo- 
some 16p13.3 and PKD2 on chromosome 4q21-23. Most children 
are asymptomatic and remain undiagnosed until adulthood. When 
ADPKD is detected prenatally or in the newborn period it carries 
a very poor prognosis. 

Multilocular renal cysts are benign lesions that present with pain, 
haematuria, or an abdominal mass. Management is by nephrec- 
tomy or, when feasible, partial nephrectomy.!*° Simple renal cysts 
are rare in children and managed conservatively unless symptom- 
atic. When indicated (usually because of pain) treatment consists 
of either aspiration or injection with ethanol or, alternatively lap- 
aroscopic de-roofing depending on the size and site of the cyst. 
Acquired cystic kidney disease is encountered in patients receiving 
renal replacement therapy.!*? 


Horseshoe kidney and other anomalies 
of migration/fusion 


Horseshoe kidney 


Horseshoe kidney is the most common fusion anomaly, occurring 
in 1 in 400 to 1 in 1,800 individuals. It is twice as common in males. 
In 95% of cases, fusion involves the lower poles. Horseshoe kidney 
is associated with trisomy 18 (Edwards syndrome), Turner syn- 
drome,!*° tuberous sclerosis complex,!3! and thrombocytopenia, 
absent radii (TAR) syndrome.!* The most frequent associated uro- 
logical anomaly is VUR (usually low grade) which is present in up 
to 80% of cases. Other associated conditions include: PUJO, renal 
calculi, unilateral multicystic dysplasia.!°3 partial and complete 
ureteral duplication,!*4!°> ureteric triplication.!°° supernumerary 
kidney,!3” pyelic fusion with single ureter,!°8 and ectopic ureter in 
association with horseshoe kidney.!°? The risk of Wilms tumour is 
slightly increased.!40-!44 Most horseshoe kidneys are asymptomatic 
and the requirement for urological intervention centres on PUJO 
or stone disease. PUJO can be managed with conventional open 
surgery or with laparoscopic techniques.!45-!46 Ureterocalicostomy 
can play a useful role—for both primary and re-do cases. Stones are 
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Fig. 8.4.5 (A) Computed tomography scan of a patient with a left paranephric 
abscess and xanthogranulomatous pyelonephritis within a horseshoe kidney. 
(B) Operative view of the large left renal mass. (C) Renal bed following resection 
of left half of the horseshoe kidney. Note the white pigtail drain that had been 
inserted into the paranephric abscess preoperatively. 


often amenable to external shock wave lithotripsy or percutaneous 
nephrolithotomy.!47!48 Complicated pathology, for example xan- 
thogranulomatous pyelonephritis in one-half ofa horseshoe kidney, 
is probably best treated by an open surgical approach (Fig. 8.4.5). 


Simple renal ectopia 


Abnormal ascent of the kidney during early development most 
commonly results in a pelvic kidney. Rarer forms of ectopia include 
iliac and thoracic kidneys. The left side is affected more com- 
monly!’ and there is an increased risk of urological abnormali- 
ties including VUR, simple ectopia, contralateral renal dysplasia, 
cryptorchidism, and hypospadias.!°° Coexisting defects in other 
systems may include; cardiac anomalies, scoliosis, hemiverti- 
brae, and female genital tract anomalies (bicornuate, unicornuate, 
absent uterus, duplicate vagina, rudimentary vagina).!>! Ectopic 
kidney also features in the Mayer-Rokitansky-Kiister-Hauser 
complex!5* and intrathoracic kidney has been described in 


association with congenital diaphragmatic hernia.!%> Eighty per 
cent (80%) of affected individuals are asymptomatic and the anom- 
aly is identified either on routine antenatal ultrasound or as an 
incidental finding during ultrasound scanning in childhood.!*° 
Although differential function in ectopic kidneys is reduced (aver- 
age 38%) this does not appear to affect overall function or blood 
pressure long term.!*4 


Crossed renal ectopia 


The different anatomical patterns of this condition include; cross- 
fused ectopia, cross-unfused ectopia, or (very rarely) solitary 
crossed ectopia or bilateral crossed ectopia. It is three times more 
common for the left kidney to cross to the right side than vice versa. 
The incidence is approximately lin 7,000, with a male predomin- 
ance. Occasional familial inheritance has been reported.!*° The 
majority of individuals are asymptomatic and the anomaly is either 
detected prenatally!>? or, postnatally as an incidental ultrasound 
finding. Occasionally it comes to light as an incidental clinical 
finding when the lower pole of the fused kidney is palpated dur- 
ing the course of abdominal examination. Associated VUR occurs 
in 20-40% of patients.!5®156 Although there is some evidence of 
functional impairment in 93% of crossed fused ectopic kidneys!>® 
longitudinal analysis has generally shown stable glomerular filtra- 
tion rate and blood pressure through childhood.!*4 Intervention is 
only required for cases complicated by obstruction, problematic 
VUR, or stone disease. 


Conclusions 


Upper tract abnormalities constitute a large part of paediatric uro- 
logical practice. Whereas these conditions previously presented 
clinically many are now detected prenatally and the majority of 
affected infants are healthy and asymptomatic. The importance of 
protecting upper tract function must be balanced against the need 
to avoid submitting large numbers of asymptomatic children to 
unnecessary surgery. Long-term data are now emerging which will 
enable urologists to distinguish more reliably between those chil- 
dren who are likely to benefit from early surgery from those who 
can safely be managed conservatively. 
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CHAPTER 8.5 


Disorders of the urethra 
Kim Hutton and Ashok Daya Ram 


Introduction to disorders of the urethra 


Disorders of the urethra are mostly congenital in origin and occur 
predominantly in males. Posterior urethral valves is an exclusively 
male disorder with a reported incidence varying widely between 
1 in 5,000 to 25,000 live births.!? It commonly causes secondary 
changes in the upper urinary tract which exacerbate the effects of 
associated primary renal dysplasia. Posterior urethral valve dis- 
order (PUV) remains the most common obstructive cause of end- 
stage renal disease in children.’ Anterior urethral valves, urethral 
diverticulum, syringocele, urethral atresia, urethral stricture, and 
urethral polyp are far less common causes of obstructive uropa- 
thy. Urethral duplication can present as a double urinary stream or 
urinary incontinence. A urethral web can cause dysfunctional void- 
ing with incontinence in female patients. Bulbar urethritis presents 
with terminal haematuria and is usually managed conservatively. 


Posterior urethral valves 


Hugh Hampton Young is credited with the first classification of 
PUV in 1919,4 although earlier reports date from 1717.° Type 
I valves are the most common (95%) pattern, being likened to two 
‘sails of a ship’ which fuse anteriorly and attach obliquely to the 
verumontanum posteriorly and the anterior urethral wall distally. 
Type II valves are mucosal folds arising from the proximal veru- 
montanum which extend toward the bladder neck. They are not 
thought to be of clinical significance. Type III valves lie transversely 
across the urethra with a central aperture, are not attached to the 
verumontanum and lie distal to it. It has been suggested that PUV 
exists as a single entity—a congenital obstructive posterior urethral 
membrane—and that iatrogenic disruption from catheterization or 
instrumentation accounts for the features described in the original 
Young classification.® 


Aetiology and associated conditions 


The exact cause of PUV is not known. Although there are rare 
reports of familial occurrence the condition most commonly 
occurs on a sporadic basis. Stephens hypothesized that overdevel- 
opment and abnormal anterior fusion of the mesonephric ducts 
lead to the formation of obstructing membranes.” PUV are more 
common in patients with prune belly syndrome and Down's syn- 
drome. Sixteen per cent (16%) of PUV patients have associated 
undescended testes.® 


Pathophysiology 


The bladder fulfils storage and emptying functions from early foe- 
tal life. Abnormally elevated voiding pressures caused by urethral 


obstruction lead to pathological changes in the bladder, prostatic 
urethra, upper tracts, and renal parenchyma characterized by dila- 
tation, distortion, and further damage to developing renal paren- 
chyma.’ Outflow obstruction in the early stages of gestation is a 
potent cause of renal dysplasia. The overall severity of congenital 
damage depends on the timing and degree of urethral obstruction, 
secondary pressure changes in the upper tract and the degree of 
irreversible primary renal dysplasia. Pressure ‘pop off’ mechanisms 
that may protect the upper tracts include the unilateral vesico- 
ureteric reflux and renal dysplasia syndrome (VURD phenom- 
enon), perinephric urinoma, bladder rupture with urinary ascites, 
patent urachus, and large bladder diverticula. 10-12 


Prenatal diagnosis 


In the healthcare systems of Western countries, virtually all cases 
of severe foetal obstructive uropathy are picked up on routine ante- 
natal ultrasound and followed up by serial sonographic examin- 
ation. The differential diagnosis for presumed prenatally detected 
PUV includes gross primary vesicoureteric reflux (VUR); prune 
belly syndrome, ureteral duplication, megacystis-microcolon- 
intestinal hypoperistalsis syndrome, and urethral atresia. The clas- 
sical ultrasound finding in PUV is a keyhole appearance of the 
dilated posterior urethra and bladder.!% 

Ultrasound predictors of impaired postnatal renal function 
include oligohydramnios, renal cortical echogenicity, and cortical 
cysts. By contrast, the severity of bladder distension is not, in itself, 
a reliable predictor.!4 Although foetal urinary electrolytes, osmo- 
lality, protein, and beta(2)-microglobulin levels have been studied 
as markers of foetal renal function, the authors of a large,systematic 
review concluded that they are of little or no value in predicting 
postnatal functional outcome.!>!¢ It is important to note, however, 
that milder forms of PUV may not give rise to detectable abnormal- 
ities in the first two trimesters of pregnancy and will not be picked 
up if antenatal scanning is limited to a single, routine anomaly scan 
performed at 17-20 weeks. 


Prenatal management 


Antenatal counselling is a crucial part of prenatal management. 
Many parents opt for termination of pregnancy but in foetuses of 
less than 32 weeks gestation vesicoamniotic shunting is a thera- 
peutic option.” Foetal intervention is considered in more detail in 
Chapter 8.1, ‘Prenatal diagnosis and perinatal urology. Although 
preliminary results from the PLUTO (percutaneous shunting for 
lower urinary tract obstruction) multicentre randomized con- 
trolled trial suggested a possible improvement in survival follow- 
ing shunting!” the trial was subsequently abandoned because of 


recruitment problems. The weight of available evidence indicates 
that the effects of severe foetal obstructive uropathy on postna- 
tal renal function are not ameliorated by intrauterine shunting.!® 
Fetoscopic valve ablation has also been described.!° 


Postnatal presentation 


In severe forms of PUV, the affected infant suffers from respiratory 
failure secondary to pulmonary hypoplasia which, in combination 
with renal failure can lead to neonatal death. PUV can give rise to 
varying degrees of urethral obstruction and the observation that 
a male infant is apparently voiding normally does not necessar- 
ily exclude this diagnosis. Similarly, upper tract changes are very 
variable in severity—as is the impact on renal function. The best 
outcome is achieved by early investigation and timely intervention 
with a multidisciplinary approach, involving paediatric urology, 
nephrology, and radiology and neonatology specialists. When the 
condition has not been detected prenatally it may present clinically 
in infancy or later childhood with urinary tract infection, voiding 
dysfunction, or incontinence.” The endoscopic appearance of non- 
obstructing mucosal folds in the posterior urethra is sometimes 
misinterpreted as playing a role in the aetiology of voiding dysfunc- 
tion in older boys. Unless there is evidence of upper tract dilatation 
or markedly increased bladder wall thickness this relatively com- 
mon endoscopic finding can be disregarded and no attempt should 
be made at resection. Management should concentrate, instead, on 
identifying and treating the causes of dysfunctional voiding. Very 


occasionally PUV remains undiagnosed until adolescence or adult 
life.21-23 


Postnatal management 


In prenatally detected cases or those presenting clinically in 
infancy, initial management consists of prompt relief of obstruction 
by passage of a 5 or 6 Fr feeding tube into the bladder, prophylactic 
antibiotics, and correction of any fluid, electrolyte, and acid-base 
disturbance. Decompression of the obstructed urinary tract can 
sometimes result in a significant post obstructive diuresis requiring 
regular measurement of plasma electrolyte and creatinine and judi- 
cious fluid management. It is important to note that plasma cre- 
atinine values at birth mirror those in the maternal circulation and 
during the early days of life do not provide a reliable indication of 
the true severity of renal impairment. 

Micturating cystourethrography (MCUG) is the investigation of 
choice once the infant’s condition has been stabilized (Fig. 8.5.1). 
The availability of dedicated paediatric endoscopes has made it pos- 
sible to confirm the diagnosis and proceed to primary valve abla- 
tion in the majority of infants (Fig. 8.5.2).24 Computer enhanced 
visual learning methods have recently been developed as an aid to 
endoscopic management and these are likely to play an increasingly 
valuable role for surgical trainees.”° The surgical options for reliev- 
ing the obstruction under direct vision include cold knife incision, 
diathermy ablation, or laser energy to disrupt the valve tissue. One 
study has suggested that cold knife incision is associated with a lower 
risk of stricture formation than diathermy ablation.?° However, the 
senior author has encountered only one case of stricture in 65 PUV 
patients resected with diathermy—and this resolved with a single 
urethral dilatation. Bleeding is seldom a problem. A postoperative 
MCUG or endoscopy is performed some weeks later to confirm 
successful relief of obstruction. If necessary, further valve ablation 
is performed to remove any residual tissue. 
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Fig. 8.5.1 Micturating cystourethrography (MCUG) showing trabeculated 
bladder with diverticula formation, dilated posterior urethra and abrupt calibre 
change at the level of the verumontanum consistent with a diagnosis of posterior 
urethral valves. 


Fig. 8.5.2 (A) Endoscopic view of type 1 posterior urethral valves. (B) View after 
complete valve resection revealing capacious posterior urethra. 
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If primary valve ablation is not feasible, urinary diversion using 
vesicostomy or ureterostomy are alternatives, although their use 
has dramatically decreased in recent years. 


Further management 


Although irreversible congenital renal dysplasia is the most com- 
mon cause of renal damage associated with PUV, damage can also 
be acquired as a consequence of urinary tract infection and bladder 
dysfunction. Prevention of urinary tract infection (UTI) and active 
management of the ‘valve bladder’ are therefore essential to min- 
imize further functional deterioration and delay the onset of renal 
failure. Follow-up of patients with PUV should routinely include 
measurement of blood pressure, height and weight, urine dipstick 
analysis, renal tract ultrasound, and serum creatinine measure- 
ments. When indicated, follow-up may also entail isotope renog- 
raphy, videourodynamics, uroflowmetry and formal glomerular 
filtration rate (GFR) measurement. Antibiotic prophylaxis is usu- 
ally administered for the first 6-12 months of life and is maintained 
for longer periods in boys with persisting VUR or renal scarring. 
There is growing evidence that circumcision can be beneficial in 
those boys who experience recurrent UTIs?’ but it is not used rou- 
tinely as a prophylactic measure in most centres. 

Unilateral or bilateral VUR occurs in 30-70% of cases of PUV 
but resolves spontaneously in more than half of these cases follow- 
ing valve resection. Persistent reflux is best managed conservatively 
with antibiotic prophylaxis combined with active treatment of any 
associated bladder dysfunction. Successful endoscopic correction 
by subureteric injection of Deflux® has been reported.*® Ureteric 
reimplantation is best avoided in view of the technical difficulty and 
high failure rate in the ‘valve bladder’ 


Bladder dysfunction in patients with posterior 
urethral valve disorder (valve bladder) 


Despite adequate valve ablation and relief of obstruction, blad- 
der function remains abnormal in to 70% of patients, in some of 
whom it poses a substantial risk of upper tract dilatation and renal 
damage.”? Urodynamic studies typically demonstrate a transition 
from hypercontractility in infancy to a hypocontractile bladder in 
adolescence.*? The ‘valve bladder’ syndrome is characterized by a 
vicious cycle of polyuria, reduced bladder sensation, hypocompli- 
ance, and residual urine—which in turn provokes further upper 
tract deterioration and increased polyuria. 

Double voiding and clean intermittent catheterization during the 
daytime may suffice to stabilize the situation but, if not, continuous 
overnight bladder catheter drainage may be required.?! Invasive 
urodynamics (videourodynamics, cystometry, and pressure/flow 
studies) are usually reserved for boys with this pattern of progres- 
sive bladder dysfunction and/or renal impairment.*? By contrast, 
safe and effective long-term follow-up for boys with PUV of mild 
to moderate severity can usually be limited to non-invasive uro- 
flowmetry, measurement of post-void residual urine on ultrasound, 
bladder diary, and monitoring of plasma creatinine. 

Symptoms of bladder dysfunction tend to resolve during child- 
hood and adolescence—with one study finding that while 46% of 
patients had some residual impairment of continence at 10 years 
of age, this figure had fallen to 1% by the age of 20 years.*3 A 
recently published study has suggested that anticholinergic therapy 
in infants with high voiding pressures and/or small bladder cap- 
acity may have the potential to improve the prognosis for bladder 


function.*4 Alpha adrenergic blockers may enhance bladder emp- 
tying.*> Clean intermittent catheterization is often poorly tolerated 
in boys with PUV because of their sensate urethra and to overcome 
this problem it may be necessary to create a continent catheterizable 
(Mitrofanoff) channel. Bladder augmentation is rarely required but 
can be performed using either ileum or, when available, redundant 
megaureter. 


End-stage renal failure 


An authoritative review of 34 studies involving 1,474 patients*® 
documented an overall incidence of chronic renal failure and end- 
stage renal disease of 22% and 11%, respectively. For renal trans- 
plantation, graft survival rate is 81% at 5 years and 57% at 10 years. 
These rates are comparable to those for paediatric renal transplant- 
ation into normal bladders.37 


Fertility 


Contrary to many published reports, one recent, extensive long- 
term study found that long-term outcomes for fertility and sexual 
function in men with a history of PUV were similar to those of a 
healthy control population. Even men in chronic renal failure had 
satisfactory erectile function and paternity rates.*° 


Prognosis 


This is determined largely by the degree of primary renal dyspla- 
sia. Other contributory factors include ongoing obstructive dam- 
age (before and after birth), persistent bladder dysfunction after 
valve ablation and acquired renal scarring due to UTIs and VUR. 
Favourable prognostic factors include presentation in later child- 
hood and upper tract protection by ‘pop off’ mechanisms. Poor 
prognostic factors include maternal oligohydramnios, early post- 
natal presentation, proteinuria, bilateral VUR, incontinence per- 
sisting beyond five years of age,*? elevated nadir creatinine levels 
and bladder wall thickness more than 1.3 mm on ultrasound.*? In 
adult males with a history of PUV the incidence of troublesome 
lower urinary tract symptoms (e.g. hesitancy, weak stream, incom- 
plete emptying, and straining, urge and stress incontinence) is two- 
to threefolds higher than the general population.*! 


Anterior urethral valve, Cowper’s 
syringocele, and urethral diverticulum 


These rare anomalies derive from cystic dilatation of a Cowper’s 
gland duct (syringocele). Rupture of a cyst creates a diverticulum— 
with the anterior lip acting as an obstructive ‘valve’ in the anterior 
urethra.4*-45 Typically these conditions present with obstructed 
voiding, post micturition dribble, haematuria, or UTI. Their treat- 
ment consists of endoscopic resection, and outcomes are generally 
good.46 


Urethral atresia, prune belly syndrome, 
megalourethra, urethral stricture, 
and urethral web 


Urethral atresia is lethal unless it is accompanied by the presence 
of a patent urachus (or antenatal intervention is performed). Most 
affected pregnancies are terminated but in those that go to term the 
affected newborns either succumb to pulmonary hypoplasia and 
renal failure or, alternatively, progress rapidly to end-stage renal 


disease despite early intervention.*” Urethral atresia is a feature of 
severe forms of prune belly syndrome. Although almost invariably 
lethal, this anomaly has been reportedly treated by progressive dila- 
tation of the anterior urethra (PADUA procedure)‘ in conjunction 
with extensive surgical reconstruction of the urinary tract. Prune 
belly syndrome comprises extensive urinary tract dilatation, bilat- 
eral cryptorchidism, and absence of abdominal wall musculature. 
Skeletal abnormalities, notably kyphoscoliosis, may also be pre- 
sent. Although it has been suggested that the condition represents 
the outcome of self-limiting intra uterine urethral obstruction the 
aetiology remains uncertain. There is a broad spectrum of severity 
and some affected individuals progress into adulthood with well- 
preserved renal function. The birth incidence of prune belly syn- 
drome has declined substantially in recent years as a consequence 
of prenatal diagnosis and termination of pregnancy. 

Megalourethra is characterized by deficiency of the corpus spon- 
giosum with or without deficiency of the corpora cavernosa. Two 
forms are recognized depending upon whether the dilatation of 
the urethra is saccular or fusiform in configuration. Megalourethra 
is often associated with other severe anomalies including prune 
belly syndrome or the VACTERL (vertebral anomalies, anal atre- 
sia, cardiac defects, tracheoesophageal fistula, and esophageal atre- 
sia, renal anomalies, and limb defects). Depending on its severity 
megalourethra is either managed conservatively or by surgical 
reconstruction. 

Congenital bulbar strictures are rare and are usually amenable to 
endoscopic cold knife incision or urethroplasty. A posterior meatal 
web in girls causes deflection of the urinary stream anteriorly onto 
the clitoris, stimulating the bulbocavernosus reflex and causing 
sphincter activity, dysfunctional voiding, and subsequent daytime 
incontinence.*? Treatment of this rare anomaly consists of simple 
incision—which is curative and leads to a much improved quality 
of life. 


Urethral duplication 


The duplicate urethra usually runs parallel to the native urethra in a 
sagittal plane—although occasionally a coronal plane. Duplication 
may be complete or incomplete—in which case the urethras may 
fuse proximally to create a Y type anomaly or distally to form a sin- 
gle channel.*°->? The most widely used classification was developed 
by Effmann.*? Surgical treatment is tailored to individual anatomy. 


Urethral polyp 


These benign lesions present with obstructive symptoms, UTI, or 
haematuria. The diagnosis is usually made on MCUG (Fig. 8.5.3, 
Fig. 8.5.3A).°4-° Urethral polyps occur mainly in boys, in whom 
they arise from the verumontanum in the posterior urethra. 
Endoscopic resection is curative (Fig. 8.5.3B). Occasionally, the size 
of the polyp precludes its removal via the urethra following resec- 
tion of the pedicle and in these situations percutaneous transvesical 
retrieval of the specimen is required. Urethral polyps are occasion- 
ally seen in girls.°” 


Bulbar urethritis 


Also known as idiopathic urethrorrhagia, this benign self-limiting 
condition affects teenage boys and presents with dysuria, terminal 
haematuria, or blood spotting on the underwear.*® The aetiology 
is unknown and although endoscopy is not routinely performed 
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Fig. 8.5.3 This five-week-old male infant presented with a urinary tract infection 
(UTI) and a left perinephric abscess that required percutaneous ultrasound 
guided drainage. (A) MCUG showing filling defect in posterior urethra that altered 
position during voiding; and (B) endoscopic view of urethral polyp arising from 
the proximal limit of the verumontanum. Transurethral resection was performed 
and histology showed a benign fibroepithelial polyp. He has remained entirely 
asymptomatic in the five years since surgery. 


appearances are of roughened, inflamed urethral mucosa with fibrin- 
ous exudate.*° Management is usually conservative although the use 
of urethral instillation of triamcinolone or a period of indwelling 
catheter drainage have been described for intractable cases. The pro- 
gression to urethral stricture formation has been reported. 


Conclusions 


Posterior urethral valves is the commonest cause of congenital out- 
flow obstruction and its multidisciplinary management often com- 
mences from the time of first diagnosis on an antenatal ultrasound 
scan. Prompt decompression of the obstructed urinary tract is the 
initial priority but subsequent management of bladder dysfunc- 
tion is of crucial importance to the preservation of renal function, 
overall prognosis, and long-term outcome. PUV may have lifelong 
consequences so it is important that adult urologists have a good 
understanding of this condition. The overall aim of management is 
to enable affected individuals to lead normal lives into adolescence 
and beyond.°! 
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CHAPTER 8.6 


Neuropathic bladder 
and anorectal anomalies 


Henrik Steinbrecher 


Introduction to neuropathic bladder 
and anorectal anomalies 


Successful management of the urinary tract in children with neuro- 
pathic bladder presents both a technical and intellectual challenge 
to the paediatric urologist. Although urological management must 
be adapted to individual differences in physical, social, and educa- 
tional needs, it is guided by the same underlying basic principles. 

In the past, some children with neuropathic bladder were not 
diagnosed until relatively late, were inadequately investigated or 
treated, and often denied the benefits of integrated care. During the 
last 20 to 30 years, however, a far better understanding of the physi- 
ology of neuropathic bladder dysfunction has emerged, leading, in 
turn, to a wider range of treatment options than was available in 
the past. 

This chapter provides an overview of the urological management 
of the neuropathic bladder with an emphasis on myelomeningo- 
coele. The urological aspects of anorectal malformations are also 
described. 


Definition, classification, 
and pathophysiology 


A neuropathic bladder is one in which function is abnormal as a 
consequence of an identifiable neurological lesion or disorder. 
Although the term ‘neuropathic’ usually refers to the bladder, it is 
important to recognize that the sphincter mechanism is also invari- 
ably involved. 

There have been many attempts to classify and define the com- 
bination of clinical and physiological features of neuropathic 
bladder/sphincter dysfunction. These have ranged from purely 
neuroanatomical classifications to others based predominantly on 
clinical features. The latter are of more practical value to clinicians. 

From a clinical perspective, a neuropathic bladder may be clas- 
sified as being either overactive or underactive, and similarly the 
sphincter may also be considered as being overactive or underac- 
tive. However, many cases of neuropathic dysfunction demonstrate 
intermediate degrees of bladder overactivity and reduced compli- 
ance coupled with varying degrees of sphincter incompetence. The 
degree of preservation of urethral sensation also varies consider- 
ably between individuals. 

Broadly speaking, an overactive bladder and overactive sphinc- 
ter are manifestations of an upper motor neuron (suprasacral, spi- 
nal cord) lesion whereas an underactive bladder and underactive 


sphincter are associated with a lower motor neuron (sacral cord) 
lesion. 

In an upper motor neuron lesion, the spinal reflexes (detrusor 
muscle reflex, anocutaneous reflex) are intact but this reflex activity 
is not modulated by higher centres. Consequently, there is loss of 
normal coordination between detrusor contraction and sphincter 
relaxation (detrusor/sphincter dyssynergia). 

In a lower motor neuron lesion, the spinal reflexes are lost and 
the bladder fails to contract normally. In addition this pattern is 
almost invariably accompanied by variable degrees of sphincter 
weakness. 

In practice, over 60% of children with myelomeningocoele or 
other structural spinal cord and vertebral defects, demonstrate a 
mixed upper and lower motor neuron picture and an intermediate 
pattern of bladder dysfunction. Clinical features in an individual 
case tend to be determined by the level of the lowest spinal nerve 
segment involved by the spinal cord lesion. 

In cases of neuropathic bladder associated with closed or occult 
spinal dysraphism, the level of the vertebral abnormality is not a 
reliable predictor of the level of the spinal cord lesion, especially in 
the presence of a spinal cord syrinx or tethered cord. 

A mixed picture can arise from four combinations of bladder- 
sphincter dysfunction. 


(a) Hyperreflexic bladder with hyperreflexic sphincter (= dyssynergia) 
(b) Hyperreflexic bladder with hyporeflexic sphincter 
(c) Hyporeflexic bladder with hyperreflexic sphincter (= dyssynergia) 
(d) Hyporeflexic bladder with hyporeflexic sphincter. 


To understand the significance of these four patterns of dsysfunc- 
tion it is necessary to consider the basic functions of the bladder- 
sphincter mechanism during filling and emptying. 

On filling, the normal bladder is capable of storing a reasonably 
high volume of urine at low pressure. The relationship between 
volume and pressure is described as compliance. A poorly compli- 
ant bladder is characterized by an inappropriate level of detrusor 
activity leading to an abnormal rise in intravesical pressure at small 
volumes of filling. 

In the normal bladder, voiding proceeds to completion, and is 
under voluntary control once the child is potty trained. 

An overactive (hyperreflexic) neuropathic bladder is unable 
to store normal, physiological volumes of urine, and generates 
abnormally elevated storage pressures (i.e. is poorly compliant). 
Involuntary voiding or leakage of urine leads to incontinence. 
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An underactive (hyporeflexic) bladder is characterized by high 
volume, low pressure storage of urine with incomplete emptying, 
and varying degrees of overflow incontinence. 

An overactive (hyperreflexic) sphincter causes increased outlet 
resistance. Abnormally elevated bladder pressures must be gener- 
ated to overcome this resistance during emptying. However, there 
is little, if any leakage on filling. 

By contrast, an underactive (hyporeflexic) sphincter is associ- 
ated with reduced outlet resistance. Bladder emptying occurs at 
low pressure and urinary leakage can occur during the filling phase 
without any detrusor contraction. 

A ‘safe’ bladder is one in which urine is stored at low pressure 
storage compliance is adequate and there is no secondary vesico- 
ureteric reflux. However, urinary leakage (incontinence) almost 
invariably occurs to a greater or lesser degree. 

An ‘unsafe’ bladder is one where the upper tracts are at risk; this 
may be because of high-pressure storage (overactivity during stor- 
age or poor compliance) or emptying (caused by increased outlet 
resistance.) The presence of secondary vesicoureteric reflux may 
render the bladder ‘unsafe —as may incomplete voiding posing an 
increased risk of urinary infection. 


Aetiology 

Congenital causes of neuropathic bladder include: 
+ Myelomeningocoele 

+ Sacral agenesis 

+ Sacrospinal dysraphisms 


Congenital tumours 
neuroblastoma) 


(e.g. sacrococcygeal teratoma or 


+ Anorectal malformations associated with abnormalities of the 
vertebrae, sacrum, and spinal cord 


Myelomeningocoele 


Myelomeningocoele results from failure of fusion of the neural 
crest between days 23-27 after fertilization. Predisposing factors 
include maternal anticonvulsants, diabetes, and a positive family 
history. Folic acid supplements administered before and during 
pregnancy have been shown to reduce the incidence by up to 70%. 

Sacral agenesis occurs in 1:25,000 live births and may be a com- 
ponent of the Currarino syndrome (an autosomal dominant con- 
dition characterized by sacral agenesis, anterior meningocele, or 
anorectal malformation). 


Sacral agenesis 


Sacral agenesis ranges in severity from complete absence of the 
sacrum to minor defects of sacral vertebral elements. The severity 
of the associated neurological deficit is usually proportional to the 
extent of the bony defect. 

Sacral ageneisis often remains undetected in early childhood 
since there are no external physical signs and urinary and faecal 
incontinence may not be recognized as being abnormal until after 
the age of potty training. 


Sacrospinal dysraphisms 


Sacrospinal dysraphism encompasses a range of abnormalities 
including: lipomyelomeningocoele, lumbosacral lipoma, tight 


filum terminale, dorsal dermal sinus, and other causes of a teth- 
ered spinal cord. Although often termed ‘occult dysraphism’ these 
abnormalities are usually associated with some external evidence 
(‘stigmata’) of the underlying lesion. Unfortunately, these cutane- 
ous lesions are sometimes overlooked or their significance not rec- 
ognized. As a consequence, serious upper tract damage may have 
occurred by the time the neurological abnormality is diagnosed. 

Cord tethering causing traction on the filum terminale poses 
a threat of progressive neurological deterioration during somatic 
growth, particularly in later childhood. 


Congenital tumours 


Sacrococcygeal teratoma is germ cell tumour occurring in 1:35,000 
live births.! Treatment consists of early and complete excision of 
the lesion. Neuropathic bladder and bowel can arise either as a pri- 
mary consequence of nerve compression or involvement by the 
tumour or, alternatively, following surgical excision (which invari- 
ably requires resection of part of the sacrum). 

Neuroblastoma is a tumour arising from sympathetic neuroblasts 
derived from the neural crest. Most tumours involve the adrenal 
gland. However they can also arise from paravertebral sympathetic 
or pelvic plexuses—with resultant disturbance of bladder and 
bowel function. 


Acquired causes are rarer in children but include: 


+ Spinal cord injury (typically road traffic or horse riding accidents) 


+ Iatrogenic injury to the pelvic nerves (e.g. following anorectal 
pull—through procedures) 


+ Transverse myelitis (viral, bacterial, or unknown aetiology) 


+ Spinal cord ischaemia (occurring as birth injury or a complica- 
tion of thoracic or spinal surgery) 


+ Spinal tumours 


Clinical assessment 


History and examination 


A multidisciplinary assessment of the relevant history is manda- 
tory and should encompass the urological, gastrointestinal, ortho- 
paedic, and neurological systems. In the urological history it is 
important to inquire about the urinary stream since, for example, 
sphincter incompetence is accompanied by continuous dribbling 
or incontinence on crying, straining, or upright posture. However, 
the voiding pattern in infants should be interpreted with caution 
since some degree of detrusor sphincter discoordination is com- 
mon prior potty training. 

A history of urinary infections suggests upper tract problems 
such as vesicoureteric reflux or (rarely) vesicoureteric junction 
obstruction. 

Examination should include abdominal palpation to identify the 
presence of a full bladder. If urine can be readily expressed with 
minimal suprapubic pressure this is indicates probable sphincter 
weakness. 

The genitalia should be examined to assess sensation. Examination 
of the spine is mandatory to look for external evidence of ‘occult’ 
dysraphism such as a hairy tuft, haemangioma, abnormal dimple, 
or asymmetry of buttock muscle mass. Neurological examination 
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of the lower limbs is performed to assess tone, power, reflexes, and 
sensation. 

As the child grows and develops it is essential to assess their 
level of cognitive and social abilities since these will have an 
important bearing on the individual's potential ability to manage 
their neuropathic bladder independently. Detailed information 
on family and social factors is important, since having a neuro- 
pathic bladder has lifelong implications for the family as well as 
the affected child. 


Investigations 


The priorities are to identify the pattern of neuropathic dysfunction 
and assess the threat posed to the kidneys. The risk of urinary infec- 
tion should also be assessed since vesicoureteric reflux (particularly 
in conjunction with high storage pressures) poses a serious risk of 
renal damage. 

Urinary tract ultrasound is used to evaluate renal size, shape, 
consistency, cortical thickness, scarring, corticomedullary dif- 
ferentiation, and dilatation of the pelvis calyceal systems and 
ureters. 

Ultrasound also provides a measure of bladder wall thickness 
(although only when the bladder is filled to at least 50% of expected 
capacity). 

Although a DMSA scan may not be performed routinely as part 
of the initial work up, it is indicated when there is a history of urin- 
ary infection or evidence of renal scarring or ureteric dilatation on 
ultrasound. 

Videourodynamics (VUD) will establish the type of neuropathic 
bladder dysfunction (e.g. overactive, underactive, or intermediate 
patterns of bladder dysfunction and hypocompliance). Imaging 
during the study is helpful in assessing the continence mechanism 
and looking for VUR. 

The VUD findings should make it possible to determine whether 
the bladder is ‘safe’ or ‘unsafe. In cases of congenital neuropathic 
bladder VUD studies are probably best carried out within the first 
three to four months to establish a baseline and to inform the deci- 
sion on whether to commence clean intermittent catheterization 
(CIC) (plus anticholinergic medication when indicated). 

However, in some cases of occult dysraphism where the extent 
(if any) of bladder involvement is initially unclear, it may be rea- 
sonable to defer VUD—with the proviso that that the infant is 
reviewed regularly and the upper tracts monitored closely with 
ultrasound. 

It must also be emphasized, that even if the neuropathic bladder 
appears to be ‘safe’ in infancy there is a strong likelihood that it 
will change as the child grows and further VUD will be required to 
reassess bladder function in the future. 

Videourodynamics is an invasive investigation and the insertion 
of urinary and rectal catheters can cause considerable distress in 
children. To minimize distress the use of suprapubic catheters is 
preferable to the urethral route when the urethra is sensate or ana- 
tomically abnormal. 

Electromyographic (EMG) recordings are rarely performed in 
children. 

Figure 8.6.1 shows two examples of urodynamic tracings in chil- 
dren with myelomeningocoele. 

Testing for latex allergy should be considered in view of the like- 
lihood of multiple investigations and procedures involving expos- 
ure to latex.” 


Treatment strategies for the kidneys 
and bladder 


The threat to renal function is greatest when one or more of the fol- 
lowing are present; neurogenic detrusor overactivity, high storage 
pressure, poor compliance, detrusor sphincter dyssynergia, high 
leak point pressure, vesicoureteric reflux, and recurrent urinary 
infections. 


Reducing bladder overactivity and storage pressure 
and improving compliance 


All the various measures designed to reduce bladder pressure have 
the potential drawback of impeding bladder emptying. Before 
embarking on treatment it is therefore important to ensure that 
effective bladder emptying can be achieved by CIC. 

A nurse specialist plays an invaluable role in teaching the tech- 
nique to the child and parents and providing ongoing support and 
advice. In cases when CIC is not possible, for example because 
of inability on the part of the child or parents or sensate urethra, 
the alternatives comprise an indwelling suprapubic catheter or a 
suprapubic cystostomy button device. This incorporates a valve 
mechanism which can be closed and opened intermittently to drain 
the bladder (e.g. two to three hourly intervals).+° 

Even when regular bladder emptying has been established with 
CIC, anticholinergic medication is commonly required to reduce 
bladder pressure and detrusor overactivity and to increase 
compliance. Many oral preparations are available (tolteridine, 
oxybutynin, solifenacin)—with varying dosages. Intravesical 
instillation of oxybutynin is not used routinely in children but 
may be used on a selective basis once effective CIC has been 
established.° 

Intravesical injection of botulinum toxin A (BOTOX A) is being 
increasingly used in this age group.’ Typically, diluted aliquots of 
0.5-1 mL are injected endoscopically into 20-30 sites in the blad- 
der wall under general anaesthesia. The duration of therapeutic 
benefit (reduction in detrusor overactivity and improved compli- 
ance) extends over three to nine months. Ideally, videourodynam- 
ics should be repeated after 6-12 weeks to verify the effectiveness 
of the treatment. 

Although repeated injections will be required to maintain the 
benefit® this may still represent an acceptable approach if contin- 
ence is improved during the period when the child is maturing and 
becoming more self-sufficient prior to undergoing major bladder 
surgery. The extent to which the therapeutic effect of Botox A on 
detrusor activity and compliance is reproduced after repeated 
injections is still unclear.? 

Secondary vesicoureteric reflux often resolves or decreases fol- 
lowing reduction in bladder pressure—for example following 
augmentation. However, specific intervention may be required in 
children who experience symptomatic UTIs. Endoscopic correc- 
tion (STING procedure) has been used in neuropathic bladders! 
but success rates are lower than those for endoscopic correction of 
primary VUR in non-neuropathic bladders.!! Antibiotic prophy- 
laxis is advisable while VUR persists. 


Increasing bladder capacity 


Bladder capacity may be reduced as a consequence of physical 
contraction, functional overactivity—or a combination of both 
factors. 
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Fig. 8.6.1 (A) Urodynamic tracing demonstrating overactive bladder, leaking with 
(B) Urodynamic tracing of 6.5 year old girl with thoracolumbar myelomeningocoel 


The use of intestinal segments to augment the neuropathic blad- 
der (enterocystoplasty) has been widely practised in children for 
three decades. The most commonly performed procedure is ‘clam 
ileocystoplasty’ in which a 20-30 cm segment of distal ileum is 
isolated on its blood supply approximately 15 cm from the ileo 
caecal valve. The bowel is opened on its anti mesenteric aspect 
and then incorporated into the bladder after it has been widely 
opened (‘bi-valved’) in either the coronal or sagital plane. Ileum 
has the advantage of secreting less mucus than colon. Leaving the 
final 15 cm of terminal ileum in situ minimizes the risk of vita- 
min B12 malabsorption—which is a documented long-term com- 
plication of enterocystoplasty in children.!? The use of stomach 
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contractions and compliance drift in a 13-year-old boy with myelomeningocoele. 
e, wheelchair bound on four-hourly clean intermittent self-catheterization (CISC). 


(gastrocystoplasty) has been largely abandoned because of dysuria 
and haematuria caused by acid secretion into the urine. 

Other approaches have been explored to try and overcome the 
problems resulting from prolonged contact between urine and 
intestinal epithelium. In detrusorraphy or detrusorectomy the 
bladder wall muscle layer is incised or excised but the urothelial 
bladder lining is left in situ. Bladder capacity is thus increased by 
creating in effect, a large bladder diverticulum. 13 

Although both techniques have the advantage of retaining 
an urothelial-lined bladder they are unsuited for use in irregu- 
lar, contracted bladders, and have a high long-term failure rate 
due to fibrosis and shrinkage. In the technique of seromuscular 
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enterocystoplasty a ‘demucosalized’ bowel segment is attached to 
the bladder at the site of detrusorectomy. 

The use of ureterocystoplasy is limited to cases in which a dilated 
ureter is accompanied by an ipsilateral nonfunctioning kidney. 
After removal of the nonfunctioning kidney the dilated ureter is 
opened, refashioned as a patch, and incorporated into the blad- 
der wall. This urothelial-lined form of bladder augmentation gives 
good results!*!5 but is only applicable to a small percentage of chil- 
dren with neuropathic bladder. 

Extensive research is being undertaken to develop a material for 
bladder reconstruction which combines the properties of smooth 
muscle with a tissue engineered urothelial lining. The use of a 
demucosalized seromuscular bowel segment lined with sheets of 
‘tissue engineered’ autologous urothelium has been studied experi- 
mentally and while promising in animal studies, has yet to be intro- 
duced into the clinical domain. 

Medium term results of a clinical trial in a small cohort of patients 
treated with a neobladder constructed from tissue cultured urothe- 
lial and detrusor cells have been disappointing with a high inci- 
dence of contraction and some instances of bladder perforation. 
Other avenues which are being explored experimentally include the 
use cellularized collagen scaffolds and possible applications of stem 
cell technology.!®20 


Improving bladder emptying 


Ideally, effective bladder emptying should be achieved by clean 
intermittent self catheterization (CISC) via the urethra. However, 
many children with neuropathic bladder often suffer from postural 
deformities or impaired manual dexterity which may prevent them 
from performing urethral self catheterization. Although CIC can 
be performed by parents or carers on an interim basis the longer 
term aim should always be to find some way of enabling young 
patients to manage their bladder independently. 

For many, this can be achieved by creating a continent catheter- 
izable channel employing the Mitofanoff principle. This is particu- 
larly helpful in girls and young women confined to a wheelchair 
who commonly encounter difficulty in accessing their urethra. 

Many catheterizable conduits have been devised for the 
Mitrofanoff channel including; appendix, a reconfigured ileal seg- 
ment (Yang/Monti), ureter, and prepucial skin tube. The choice is 
determined by tissue availability, distance between the bladder and 
skin and vascularity.?! 

The appendix is the Mitrofanoff channel of choice by virtue of its 
availability, reliability, ease of catheterization, and lower incidence 
of complications. Nevertheless, stenosis at the junction between 
the appendix and skin is common—although revision is a relatively 
simple procedure. Complications following the Mitrofanoff pro- 
cedure tend to occur in the first year after surgery.?° 


Continence 


Although achieving a socially acceptable degree of urinary contin- 
ence is a secondary goal compared with the overriding priority of 
protecting upper tract function there seems little justification in 
subjecting a child or young person to major surgery unless they 
can also be offered the prospect of becoming dry. 

If outflow resistance is sufficient, continence may sometimes 
be achieved simply by reducing intravesical pressure to below 
the ‘leak point’ pressure—for example, by bladder augmentation. 
However, additional measures are often needed to achieve complete 


continence (with CISC). An alpha agonist such as ephedrine 
15 mg 3x /day may be effective and may also be useful in patients 
who develop recurrent wetting having previously been dry after 
cystoplasty. 

Periurethral injection of bulking agents such as Deflux or 
Macroplastique can be used to enhance bladder neck and sphincter 
resistance. This minimally invasive approach requires only a day 
case admission and can be repeated on a number of occasions if 
necessary. 

However, neither alpha agonists nor periurethral injections will 
be sufficient to create continence in a child whose neuropathic 
bladder is associated with marked outlet and sphincter weakness. 

In this situation more invasive surgical intervention is required. 
A number of different bladder neck repairs and urethral lengthen- 
ing procedures have been devised including Young Dees bladder 
neck repair, Pippi Salle bladder neck urethral lengthening, and a 
variety of bladder neck suspension or sling procedures with free 
or pedicled rectus fascia grafts and prosthetic materials. Although 
more effective in girls, these techniques have a relatively high 
overall failure rate in both sexes. The artificial urinary sphincter 
and periurethral constrictor are best suited for use in older boys. 
Disadvantages include the risks of infection and erosion and the 
requirement for the reservoir to be pumped to provide a fixed 
resistance. By contrast, the periurethral constrictor device is softer 
and the degree of outflow resistance can be adjusted when the child 
is conscious and in an upright position (Fig. 8.6.2).?4 

As a last resort, continence can be virtually guaranteed by surgi- 
cal closure or disconnection of the bladder neck—although occa- 
sionally a fistula to the urethra necessitates a repeat procedure. It is 
self-evident that this approach can only be adopted if the bladder 
can be accessed for regular drainage via a Mitrofanoff channel. 


Treatment strategies for the neuropathic bowel 


A neuropathic bladder is almost invariably accompanied by a 
neuropathic bowel. It is important that both conditions are man- 
aged jointly—not least because successful management of the 
neuropathic bowel may help to improve bladder function. The 
aim is to ensure that colon is emptied as completely as possible 
on a regular and socially convenient basis. A diet rich in fibre and 
adequate fluid intake are helpful in maintaining soft faecal consist- 
ency. Regular toileting is the initial approach—particularly if the 
child has any sensation of colonic or rectal filling. This is combined 
with medical therapy comprising stool softeners (lactulose), stimu- 
lants (Sennakot or Movicol), suppositories (glycerine or dulcolax) 
or enemas such as phosphate enemas. 

For many children, more intensive management is required 
to prevent constipation and minimize faecal soiling. In the first 
instance this is likely to consist of retrograde rectal or colonic wash- 
outs. While this approach provides predictability it is cumbersome, 
relatively messy, and unsuited for use in older children seeking to 
be less dependent on parents or carers. Moreover, some leakage of 
fluid and faecal material often occurs for a while after the enema. 
A containable form of washout using a closed system of irrigation 
and drainage (Peristeen) has been introduced recently and is being 
increasingly adopted (Fig. 8.6.3).?5 

Unlike conventional enemas administered via the rectal route 
antegrade colonic washouts empty the large bowel by administra- 
tion of irrigating fluid through a tube positioned in the caecum. 
The child must be able to sit on a toilet for up to one hour and be 
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Fig. 8.6.2 Lima (SILIMED) urethral constrictor. 


prepared to tolerate either a caecostomy tube or a caecostomy but- 
ton device on the abdominal wall. 

The MACE procedure (Malone antegrade continent enema) (Fig. 
8.6.4), utilizes the Mitrofanoff principle and consists of a contin- 
ent catheterizable conduit (usually appendix) connected to the 


kala 


large bowel. A catheter is passed via the conduit into the bowel for 
the administration of an antegrade colonic washout. The catheter 
is then removed, leaving only a small, discreet stoma flush with 
the abdominal wall which is often hidden within the umbilical 
cicatrix).26 

Recent modifications of the MACE procedure include the use 
of a laparoscopic rather than open approach and placement of the 
conduit in the left side of the colon.?”?8 The acceptability and success 
of the MACE procedure is reflected in high satisfaction scores from 
patients and parents.?®30 


Long-term follow-up and outcomes 


Augmentation cystoplasty 

Despite the need for major surgery and the risk of complications, 
bladder augmentation and continent urinary diversion receive high 
patient acceptability/satisfaction scores. Up to 90-95% of patients 
achieve acceptable continence rates while over 80% maintain sta- 
ble long-term renal function. Among the commoner complications 
are stone formation (15-20%) and adhesive intestinal obstruction 
(5%).3! The long-term risk of malignancy in augmented bladders 
remains unclear but is probably of the order 1-2%. 


Mitrofanoff procedure 


The incidence of stomal stenosis is of the order of 40%?! and this 
complication occurs most frequently in the first postoperative year. 


Fig. 8.6.3 (A) Peristeen washout tubing and irrigation set; and (B) peristeen rectal catheters. 


(A) Reproduced with permission from COLOPLAST. 
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Fig. 8.6.4 Operative photograph of use of appendix for in situ MACE (Malone 
antegrade continence enema) procedure. 


The use of a ‘stopper inserted into the stoma between catheteriza- 
tion has been reported to reduce the risk of this complication.*? 


Malone antegrade continent enema 

The long-term success of the MACE procedure has been well 
established although it has become apparent that not all children 
will continue to use it into adulthood for various reasons. The 
technique of in situ appendicocaecostomy is preferred by many 
surgeons.’ 


The urinary tract in anorectal 
malformations 


This spectrum of anomalies is characterized by absence of the 
anus on the perineum. In males with a high ano rectal anomaly 
the lower bowel joins the urinary tract via a congenital recto— 
urethral fistula. The incidence is 1:5,000 live births and many 
cases are now diagnosed antenatally because of associated renal 
or sacral vertebral anomalies—including those encompassed by 
the VACTERL association. Abnormalities of the upper urinary 
tract are present in more than 50% of cases. These include: VUR, 
PUJ obstruction, crossed fused renal ectopia, and renal dys- 
plasia or agenesis. Vertebral abnormalities are present in up to 
40% of cases—particularly those with more complex anorectal 
malformations. 

Of the various protocols devised for evaluation of the urinary 
tract, the ARGUS protocol is the author’s preference. Infants 
with a low anorectal anomaly, a normal sacrum and normal 
appearances of the urinary tract on ultrasound are unlikely to 
experience bladder dysfunction and do not require more intensive 
investigation. 

Conversely, videourodynamic evaluation is indicated in cases of 
high anorectal anomaly. Depending on the results of spinal imaging 
and urinary tract ultrasound further investigations may include 
spinal MRI scan, DMSA, and MCUG. 

Surgical correction of anorectal malformations is complex and 
is often undertaken in stages, with an initial colostomy followed 
later by an anorectal pull through procedure. The most widely 
performed definitive procedure is the PSARP (posterior saggital 
anorectoplasty). Because up to 10% of children develop bladder 
dysfunction postoperatively, clinical and ultrasonographic follow- 
up is advisable until the child is fully potty trained. 


Long-term outcomes 


‘These are very variable and are determined to a large extent by the 
severity of the anorectal malformation, the extent of any associated 
sacral abnormality, presence of a neuropathic bladder and any asso- 
ciated other congenital problems. Bowel problems including con- 
stipation and soiling are often intractable and chronic constipation 
can compromise the outcome of bladder reconstruction by posing 
an increased risk of urinary infection and stone formation. 

On rare occasions the only way of achieving independence and a 
socially acceptable degree of continence may be by creating a per- 
manent colostomy. 

The long-term outlook for renal function in children whose urin- 
ary tract abnormalities are associated with cloacal anaomalies is 
generally favourable although lifelong follow-up is essential.*° 


Conclusion 


There have been very significant advances in the management of 
neuropathic bladder and bowel in children during the last 20 to 
30 years. It is now possible to conserve renal function while offering 
the prospect of a socially acceptable degree of urinary continence in 
the majority of affected children. Increasing understanding of long- 
term outcomes is likely to lead to further advances in management. 
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CHAPTER 8.7 


Urinary incontinence 
and bladder dysfunction 


Henrik Steinbrecher 


Introduction to urinary incontinence 
and bladder dysfunction 


Daytime (diurnal) and night-time (nocturnal) wetting are among 
the commonest symptoms of childhood. Successful management 
requires an understanding of normal maturation of the bladder 
cycle and the functional abnormalities which cause incontinence. 


Terminology and definitions 
(ICCS classification) 


The most widely used classification of bladder dysfunction is the 
one published International Children’s Continence Society (ICCS).1 
Urinary incontinence is defined as the ‘uncontrollable leakage of 
urine, which may be either continuous or intermittent. However, 
intermittent incontinence is only regarded as being abnormal in 
children aged over five years. 

Nocturnal enuresis is defined as ‘the symptom of involuntary 
wetting during sleep without any inherent suggestion of frequency 
or pathophysiology’ 

Many common symptoms such as urgency, hesitancy, or delay 
before initiating the urinary stream cannot be reliably assessed 
until the age at which normal bladder control has been achieved. 
Moreover, an intermittent stream is not abnormal under the age of 
three years (unless it is accompanied by straining). 

Children normally void between three and seven times per day. 
Normal bladder capacity in children over the age of 2 years can be 
estimated as follows; 30+ (age in years x30) mL. 


Prevalance, incidence, and epidemiology 


Daytime wetting is common in children, with a prevalence of 15% 
in four year olds, declining to 5% in nine year olds. Mild nocturnal 
enuresis (occurring less than twice a week) affects >20% of chil- 
dren aged four to five years. By nine years of age, 8% of children are 
occasional bed wetters while 1-2% of this age group continues to 
experience more severe and regular nocturnal enuresis. Nocturnal 
enuresis has a strong familial tendency and boys are affected more 
commonly than girls. Although the problem usually resolves over 
the course of childhood, a small percentage of adolescents continue 
to suffer from intractable nocturnal enuresis. Detrusor instability is 
a normal phenomenon in infancy and early childhood but resolves 
in 90% of children by the age of 5.45 


Development and physiological maturation 
of the micturition cycle 


The lower urinary tract is innervated by autonomic and somatic 
neural pathways. Parasympathetic pathways are represented by pre 
and postganglionic fibres from S2, S3, and S4 whereas the sympa- 
thetic innervation originates in the spinal cord at T10-L2. Somatic 
nerves originating in S2-S4 coalesce to form the pudendal nerves 
supplying the pelvic floor muscles and external urethral sphincter. 

Newborns and small infants void approximately once an hour. 
Voiding is a reflex function at this age but neurological regulation 
of lower urinary tract function matures during the early years of 
childhood. During toilet training (and for a short time afterwards) 
voiding is associated with a transitional pattern of voluntary inhib- 
ition of the voiding reflex by supraspinal centres. The normal void- 
ing cycle is usually established by seven years of age—by which 
time children normally void between three to seven times a days. 

The key elements of the normal micturition cycle and bladder- 
sphincter interaction are illustrated in Figure 8.7.1. 


Clinical assessment 


History 


A detailed history should be obtained from the child and parents 
with the aim of answering three key questions; 


(i) Is the urinary leakage continuous or intermittent? Continuous 
leakage suggests an underlying structural abnormality (ectopic 
duplex ureter, congenitally short female urethra, female epis- 
padias) or sphincter weakness whereas intermittent leakage is 
more suggestive of a functional aetiology. 


(ii) Does the incontinence occur both during the daytime and night 
or is it confined either to the day (diurnal enuresis) or night 
(nocturnal enuresis)? Incontinence confined to the day in a 
child who is dry at night almost invariably has a functional 
basis. However, some forms of ectopic ureter may give rise to 
minimal leakage at night. 


(iii) Is the urinary incontinence primary or secondary? Incontinence 
is defined as being primary if the child has never been reliably 
dry. This history points towards a structural or neurogenic 
cause. By contrast, if there has ever been a period when the 
child was consistently dry (even if only for a few months) this 
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NORMAL BLADDER (Storage - voiding) CYCLE 


NORMAL BLADDER/URETHRAL FUNCTION 


STORAGE = FILLING 


EMPTYING = FLOW 


Adequate 
VOLUME 


Low Y 
PRESSURE 


APPROPRIATE COMPLETELY 


Fig. 8.7.1 The normal micturition cycle. 


constitutes secondary incontinence—for which a functional 
cause is far more likely. The following aspects of the history 
may help guide the clinician towards a diagnosis. 


Voiding frequency 

Children normally void between three to seven times per day. More 
frequent voiding is suggestive of bladder instability or a hypersensitive 
bladder. Conversely children who void less frequently than normal may 
have an underactive bladder and an overflow pattern of incontinence. 


Urgency and urge incontinence 

Using simple language it is important to try and establish from the 
child and parent(s) whether the incontinence is accompanied by 
urgency. 


Stress incontinence 

Evidence of stress leakage is most apparent during coughing, sneez- 
ing, or sporting activity. It is important to note, however, that wet- 
ting provoked by laughter may be caused by the specific condition 
of giggle incontinence rather than stress leakage. 


Urinary stream 

Although the characteristics of the stream can be difficult to assess 
from the history in young children, it is nevertheless important 
to enquire about the strength of the stream and whether urine is 
passed with a continuous or intermittent flow. These observations 
may provide valuable clues to the presence of bladder-sphincter 
dyssynergia or outflow obstruction. 


Urinary infection 

Is there a history of isolated or recurrent urinary tract infections 
(UTIs)? Certain patterns of bladder dysfunction strongly predis- 
pose to urinary tract infection. In turn urinary tract infection can 
provoke bladder dysfunction. 


Bowel function 

The association between lower urinary tract symptoms and disor- 
dered bowel function (notably constipation) is well recognized and 
relatively common. The combination of urinary incontinence and 
faecal soiling (encopresis) is termed ‘elimination disorder’. 


Fluid input/output 

The child and parents should be specifically questioned about fluid 
intake (type, amount) and urine output (amount and regularity). 
It is helpful to have a mug or cup available in the clinic to indicate 
the volumes involved since children and parents almost invariably 
overestimate daily fluid intake. 


Family history and associated conditions 

It is important to inquire about predisposing factors such as a 
family history of nocturnal enuresis, asthma (higher risk of stress 
incontinence), or associated behavioural and cognitive disorders. 
For example, attention deficit hyperactivity syndrome, autistic 
spectrum disorder, and trisomy 21 (Down's syndrome) all carry an 
increased risk of dysfunctional voiding and urinary incontinence. 
Children with these disorders are less likely to experience spontan- 
eous resolution of their symptoms and have a lower response rate 
to treatment. 


Social history 

This includes information on size of the family, number of siblings, 
sleeping arrangements (e.g. bunk beds) and ease of access to a toilet 
at night. It is also important to enquire about the child’s sleeping 
habits (e.g. depth of sleep and whether they can be aroused from 
sleep.) 


Vaginal ‘reflux’ 

Vaginal ‘reflux’ (retrograde filling of the vagina during voiding) is 
characterized by intermittent urinary incontinence immediately or 
shortly after voiding. Typically it occurs around the time of puberty 
when the body’s habitus changes, but may also occur in girls who 
tend to sit on the toilet with their legs close together. Labial adhe- 
sions can also cause dribbling incontinence after voiding due 
to retrograde accumulation of urine within the partly occluded 
vagina, which then drains out involuntarily when the girl stands up 
to leave the toilet. 

In its purest form, giggle incontinence only occurs during laugh- 
ter and not at other times. This distressing condition has a neuro- 
logical basis which is believed to be related to dissociation of upper 
neuronal control and relaxation of the pelvic floor and sphincter 
mechanism. Giggle incontinence is often exacerbated by coexistent 
bladder instability. 


Examination 


Every child with urinary incontinence should undergo a careful 
clinical examination including; 


Abdominal examination/palpation. This may reveal, for example, 
evidence of constipation, faecal loading, or a palpably distended 
bladder. 
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Genital examination may reveal relevant abnormalities of the exter- 
nal genitalia—notably epispadias (both male and female) and 
labial adhesions. 


Inspection and palpation of the spine is mandatory to look for external 
evidence of underlying spinal dysraphism (hairy tufts, haeman- 
giomas, absent sacrum). Limited neurological examination of the 
lower limbs (sensation, tone, power, and reflexes) will determine 
if the lower lumbar and sacral spinal segments are functioning 
normally. However this is often difficult in small children. 


Investigations 


Perhaps the simplest aid to clinical assessment is a frequency/ 
volume chart (Fig. 8.7.2). Despite some variation in design all such 
charts include a 24 hour time column, a column recording fluid 
intake and a column recording urinary output. The chart should 
also record when urinary leakage occurs and when the child has 
a bowel action. It is also useful to record the time when the child 
arises and goes to bed. 

‘Child friendly’ features such as cartoons can be helpful in enlist- 
ing the child’s compliance to improve the accuracy of the recorded 


Degree of urgency 


01:00 


information. A chart which has been accurately completed over 
48 hours is usually sufficient to provide an informative picture of 
the child’s fluid input, urinary output, and voiding habits. Moreover, 
in practice, it is difficult for families to maintain an accurate rec- 
ord for much longer than 48 hours. The commitment shown by the 
child and parents to the completion of an input/output chart can 
provide a helpful insight into the impact of the incontinence on the 
lives of the child and family and their commitment to comply with 
treatment. 

Inevitably, charts tend to be compiled over a weekend and may 
not provide an accurate reflection of the normal school day when 
fluid intake and voiding habits tend to be disrupted by school rou- 
tines, peer pressure, and phobia of school toilets. 

Urinalysis is essential to test for infection or glycosuria. The 
onset of diabetes melitus (or, very rarely, diabetes insipidus) may be 
accompanied by polyuria, frequency, and incontinence. 

A simple non-invasive flow rate measurement (which can be 
performed in the outpatient clinic or by the bedside) combined 
with pre- and post-void bladder ultrasound scan will yield valuable 
information on urinary flow and bladder emptying. It also provides 
an opportunity to observe whether the child strains to pass urine 


Wet 
episodes 


Bowel 


action 
Comments 
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Return 
charts to 
your 
nurse/doctor 
at next visit. 


Please complete this frequency volume chart everytime you have a drink or go to the toilet. 


Please tick if wet or dry each time you go to the toilet and record level of wetting in comments column. 


Please record on comments chart when you go for a poo. 


Fig. 8.7.2 A typical frequency volume chart. 
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or, (in an older child) whether they are capable of voluntary mid- 
stream interruption of voiding. 

An ultrasound scan of the urinary tract will provide information 
on the kidneys including their position, size, shape, and morph- 
ology (e.g. simplex or duplex). Imaging of the bladder should 
assess; pre-void bladder volume, post void bladder residual, blad- 
der size, shape, and wall thickness. 

Depending upon the results of initial investigations and the dif- 
ferential diagnosis further imaging may be indicated as follows; 


Lumbo-sacral spinal X-ray and/or magnetic resonance imaging 
(MRI) of the spine and spinal cord 


MRI is the investigation of choice if there is any suggestion of 
neurological deficit or external cutaneous abnormality denoting 
possible ‘occult’ dysraphism. Imaging in such cases may reveal 
cord tethering, syrinxes, or cord lipomas. 


Magnetic resonance urography or laparoscopy can be very helpful in 
visualizing ectopic duplex ureters in the pelvis and occult dys- 
plastic kidneys with ectopic drainage. 


Cystourethroscopy is of particular value in assessing urethral size 
and length and bladder neck anatomy in girls with urogenital 
sinus anomalies. 


Videourodynamic assessment rarely forms part of the routine investi- 
gation of children with non-neuropathic incontinence. This inva- 
sive investigation can be very distressing in this age group and 
information obtained in these circumstances may be potentially 
misleading and less informative than a carefully taken history. 


Nevertheless videourodynamics can play a selective role in the 
investigation of older children and adolescents with intractable 
incontinence. Intervention such as bladder augmentation or botu- 
linum toxin injection should never be contemplated without prior 
videourodynamic evaluation. 


Treatment 


Structural abnormalities 


Surgery is invariably required for incontinence caused by anatom- 
ical abnormalities because there is no prospect of spontaneous 
resolution. An ectopic ureter can sometimes be managed by 
reimplantation or ureteroureterostomy, but since function in the 
upper moiety of a duplex kidney associated with an ectopic ureter 
is usually very poor, heminephrectomy is generally the preferred 
option. 

Congenital short urethra is a poorly defined entity. Surgical inter- 
vention may be indicated if there is no response to simple measures 
for stress incontinence such as ephedrine 5 mg three times a day or 
pelvic floor exercises (which are not usually feasible in prepubertal 
children). The surgical options are similar to those for stress leak- 
age in adult women and include bladder neck sling procedures and 
periurethral injection of bulking agents. 

Female epispadias requires more extensive reconstructive sur- 
gery. This comprises open bladder neck repair and possible blad- 
der augmentation and/or Mitrofanoff procedure, depending on the 
severity of the anomaly and urodynamic findings. 

Labial adhesions causing post void dribbling can often be man- 
aged conservatively by the application of topical oestrogen cream 
(oestradiol 0.01% topical) twice daily for six weeks. Alternatively, 
separation can be performed under brief general anaesthesia. 


Dribbling caused by retrograde filling of the vagina (‘vaginal 
reflux’ is managed by advice on positioning. The girl is encouraged 
to sit on the toilet with her legs further apart (or even astride the 
toilet) to facilitate more effective opening of the introitus. A gen- 
tle cough or Valsalva manoevre after voiding will help to expel any 
urine that has tracked up the vagina. 


Simple strategies for functional urinary incontinence 


One of the simplest and most effective forms of treatment consists 
of explaining the nature of the normal micturition cycle to the child 
and parents. This is accompanied by advice on simple measures 
intended to establish a more normal voiding pattern. These include 
emphasizing the importance of regular voiding (typically 5-6 times 
a day at two or three hourly intervals) and staying at the toilet long 
enough to ensure complete bladder emptying. The child should 
maintain a regular fluid intake with a total volume appropriate to 
her/his age. As an estimate this is 500 mL per day at five years of 
age, 750 mL at age seven, 1,000 mL at age 10, 1,250 mL at age 10, 
and 1,500—2,000 mL from 15 years upwards. 

Guidelines on bedwetting published by the National Institute of 
Clinical Excellence? recommend slightly higher fluid intake than 
cited above. 

Drinks to be avoided (especially in children with overactive 
bladders) include tea, coffee, hot chocolate, cola type drinks, and 
blackcurrent drinks. Apart from their diuretic properties some 
constituents of these drinks may also exert a direct stimulant effect 
on the detrusor. 

Intake/output charts in children with nocturnal enuresis fre- 
quently reveal evidence of a high fluid intake in the afternoon and 
evening with a low fluid intake during the morning and early after- 
noon at school. 

Initial advice should be reinforced by regular and frequent follow- 
up—either in the outpatient clinic or by telephone. A urology nurse 
specialist often plays a key role in this process. 

When dysfunctional voiding is complicated by UTI, appropri- 
ate additional measures include; increasing fluid intake and voiding 
frequency (to promote more effective diuresis and bladder empty- 
ing), avoiding exposure to bubble baths which may change perineal 
bacterial flora and introducing bio-yoghurt into the diet. 

The use of prophylactic antibiotics may be occasionally justified 
until the underlying bladder dysfunction has resolved. 

Constipation is commonly implicated as a cause of urinary infec- 
tion and bladder dysfunction. Regular administration of laxatives 
(e.g. sennakot 2.5-5 mL/day) or softening agents (e.g. Movicol 
Paediatric, half—one sachet/day or lactulose 2.5-5 mL day) can 
help to maintain an empty rectum and, in turn, promote more 
effective bladder function. 


Advanced strategies for functional 
incontinence 


If the simple measure outlined above do not result in any improve- 
ment more invasive measures must be considered, depending on 
symptoms and the pattern of bladder dysfunction. 


Overactive bladder 

Incontinence due to severe detrusor overactivity is characterized by 
frequency and urgency. Anticholinergic agents should be considered 
for those children whose symptoms do not respond to conservative 
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measures. Typically, the first line of treatment is oxybutynin in an ini- 
tial dose of 2.5 mg twice daily, increasing to 2.5 mg three times a day 
if necessary. The main alternative is tolteridine (1-2 mg twice a day). 
Slow release preparations are available (slow release oxybutynin 5-10 
mg, once a day, slow release tolteridine 2-4 mg, once a day). 

Because of their M1 antimuscarinic mode of pharmacological 
action these anticholinergics carry a risk of side effects including; dry 
eyes, dry mouth, constipation and, occasional, personality/behav- 
ioural changes. Solifenacin (an M3 anticholinergic agent with min- 
imal systemic effects) is being increasingly used in older children in 
a dosage of 5-10 mg daily but is not yet licensed for use in children. 

The use of transcutaneous electrical nerve stimulation has been 
reported with a typical treatment regimen comprising 20 minutes 
of use three times a week over a six week period. A success rate in 
selected cases of up to 60% has been claimed but the duration of 
symptomatic improvement is variable. 

Intravesical injection of Botulinum A toxin is an option for young 
people with severe and intractable bladder overactivity which 
has failed to respond to other measures. It is essential that clean 
intermittent self-catheterization (CISC) is discussed and even 
taught prior to the procedure in view of the significant risk (5%) 
of incomplete bladder emptying or frank urinary retention following 
Botulinum toxin injection. The duration of action is between 
3-9 months and repeated injections are often required. 

Other, more invasive forms of treatment of a severely overactive 
bladder include 


Posterior tibial nerve neurostimulation 

This treatment has been used predominantly in adults in whom it 
appears to be more effective in treating overactive than underactive 
bladders.6-8 Similar considerations apply to sacral nerve stimula- 
tion.™!0 Asa last resort, bladder augmentation is effective treatment 
of severe bladder over activity. However the balance between the 
potential benefits and drawbacks (including the probable need for 
intermittent catheterization) should be carefully considered before 
advising major reconstructive surgery in children and young peo- 
ple with non-neuropathic bladder dysfunction. 


Bladder-sphincter dyssynergia/ dysfunctional voiding 


This is characterized by a variable, intermittent urinary stream. 
However, this condition can only be reliably diagnosed by vieouro- 
dynamics—which typically demonstrate alternating detrusor con- 
traction and relaxation in conjunction with incomplete sphincter 
relaxation. Bladder (detrusor)—spincter dyssynergia may be an 
acquired pattern of bladder behaviour which develops in response 
to incontinence caused by detrusor overactivity. Girls are affected 
more commonly than boys and the condition is often associated 
with urinary infections and secondary vesico-ureteric reflux. 
Management is based on a sustained programme of ‘re-education 
of the voiding mechanism by utilizing cognitive bladder training 
with or without intermittent catheterization. This is a time-con- 
suming and demanding process which may require one-to-one 
input from a trained urotherapist. Non-invasive biofeedback tech- 
niques using visual and sensory clues may be effective in teaching 
children to recognize their own bladder sensation and modify their 
bladder activity accordingly. 

At its most extreme, bladder-sphincter dyssynergia can progress 
to mimic the features of neuropathic bladder. Termed ‘non-neuro- 
pathic neuropathic bladder’ or ‘Hinman’s syndrome’ this serious 


condition shares the same radiological features as a genuine neuro- 
pathic bladder namely; trabeculation and ‘fir tree’ or ‘cottage loaf’ 
appearance on micturating cystourethrogram (MCUG) and vide- 
ourodynamics. By the time the diagnosis has been established, sec- 
ondary upper tract changes have often supervened. There may be a 
history of significant psychological or physical turmoil dating from 
the time of potty training. Because of the significant risk posed to 
the upper urinary tract, aggressive management must be instituted 
using similar measures to those employed in treating a genuine 
neuropathic bladder (see chapter “Neuropathic bladder and ano- 
rectal anomalies’). 


Functional sensory urgency 


This condition is poorly understood and while the onset may occa- 
sionally be traced to a minor urinary infection no aetiological fac- 
tor can be identified in the majority of cases. Sensory urgency is 
commoner in girls and is generally unresponsive to anticholiner- 
gics. The mainstay of treatment is bladder training whereby chil- 
dren are instructed to defer voiding when they first experience the 
urge to void. Initially voiding is deferred by a 5-10 minute period 
but the duration is gradually increased depending on what the child 
can tolerate comfortably. 


Functional underactivity of the bladder 


This is characterized by a large capacity bladder with loss of normal 
detrusor activity which may be accompanied by ‘overflow leakage. 
It may occur as a late outcome of posterior urethral valves (‘myo- 
genic failure’) or other forms of chronic outflow obstruction. It is 
also a feature of prune belly syndrome (triad syndrome). Clean 
intermittent catheterization (including via a Mitrofanoff catheter- 
izable abdominal stoma) is the treatment of choice if the bladder is 
of good capacity and compliance is adequate. 


Giggle incontinence 


This distressing condition causes incontinence when the individ- 
ual is giggling or laughing but not usually at other times. Giggle 
incontinence can have a debilitating impact on school and social 
life, especially since it often affects older children and teenagers. 
Although the precise mechanism is unknown it is thought to be 
allied to cataplexy in which a sudden, transient loss of muscular 
tone is triggered by strong emotions. Higher neural centres are 
clearly implicated in the pathophysiology. 

Methylphenidate (ritalin) is probably the most effective form 
of treatment and its mode of action is thought to be mediated by 
its effect on reuptake inhibition of the monoamine transporters in 
the brain. Nevertheless, this agent is often unacceptable to parents 
because of its connotations with attention deficit hyperactivity dis- 
order and the relatively high incidence of side effects. Moreover, 
it is necessary for the young patient to take the medication on a 
regular daily or twice daily basis to prevent symptoms which might 
occur only once a month.!? Although ineffective for the treat- 
ment of pure giggle incontinence, anticholinergic therapy may be 
helpful in treating any coexistent detrusor overactivity. 


Nighttime urinary incontinence (nocturnal enuresis) 
Nocturnal enuresis has a strong familial basis with a positive family 
history in over 50% of affected children. 

The “Three Systems Model’ described by Butler and Holland!* 
identifies three main causative factors (Table 8.7.1). 
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Table 8.7.1 Three systems model for nocturnal enuresis 


Cause 


Signs and symptoms 


Common treatments 


Low release of 
AVP 


Wetting soon after going to sleep 
and large wet patches 


Enuresis alarm 


Medication (desmopressin) 


Bladder 
overactivity 


Frequent passing of urine, a sense of 
urgency, small amounts passed each 
time (during the day) and variable 
size of wet patch, and waking during 
or after wetting (at night) 


Anticholinergic medication (relaxes bladder muscle) 


Bladder training 


Lack of arousal 
from sleep 


Wet patches but the child does not 
always wake, combined with signs 
listed above 


A full waking assessment is required. This may involve asking the child what 
factors normally wake them. Individuals usually waken by stimulus that is 
important to the individual, not necessarily by loud noise, so alarms will not 
always work if the assessment shows that they are hard to wake. A combination 


or the treatments above may work, along with addressing needs such as 
anxiety of going to toilet in dark or other factors preventing he child from 
getting out of bed at night 


Reproduced with permission from Butler R and Swinthinbank, L, Nocturnal Enuresis and Daytime Wetting: A Handbook for Professionals, ERIC, The Children’s Bowel 


and Bladder Charity, Bristol, UK, Copyright © ERIC 2007. 


(i) Impaired nocturnal secretion of arginine vasopressin (AVP) 
resulting in overproduction of urine at night 


(ii) Bladder overactivity and associated daytime symptoms 


(iii) Lack of arousal from sleep (usually combined with one or both 
of the causes above) 


Treatment is aimed at correcting one or more of these three causa- 
tive factors. Simple measures to reduce overnight urine production 
include: ensuring that the child does not drink after 6 pm and main- 
taining a regular, moderate fluid intake throughout the day (rather 
than drinking large volumes in the afternoon and early evening.) 

If this proves ineffective a vasopressin analogue such as desmo- 
pressin can be prescribed to decrease obligatory urine production 
overnight. Nasal formulations of desmopressin are no longer rec- 
ommended because of adverse reactions including hyponatraemia, 
seizures, and water intoxication. By contrast, oral formulations 
have a far more favourable safety profile. 

Formulations in current use comprise Desmotabs (200-400 
micrograms) or Desmomelt (120-240 micrograms) taken one hour 
prior to bedtime. 

Imipramine is no longer recommended for the treatment of noc- 
turnal enuresis in children. 

Bed wetting alarms are designed to modify arousal mechanisms 
in children whose enuresis is related to a deep sleeping pattern. The 
equipment usually consists of a pad placed on the mattress, which 
triggers either an audible or vibratory signal when activated by the 
initial drops of urine. Over time, the child’s level of awareness during 
sleep changes and he/she acquires the ability to wake before any urin- 
ary leakage has occurred. Bed wetting alarms are most effective when 
used in the context of a dedicated enuresis clinic providing support 
and practical advice. Nocturnal hypoxia has been implicated as a rare 
cause of nocturnal enuresis and tonsillectomy has been advocated as 
a treatment for primary nocturnal enuresis when this is supported by 
evidence of sleep studies. However this has not been endorsed by the 
findings of recent prospective controlled trials.!4-16 

If nocturnal enuresis is also accompanied by daytime wetting lit- 
tle progress will be made in treating it until the factors responsible 


for daytime wetting have been adequately treated and the child has 
become dry during the day. 


Long-term outcomes 


Parents seeking a ‘quick fix’ often express disappointment on learn- 
ing that that treatment may have to be maintained for a number 
of years. Children with bedwetting may also have behavioural 
problems requiring specific attention.!” Long-term treatment with 
desmopressin has been shown to be effective and is generally well- 
tolerated in children aged five years and above.!® 

For children with an overactive bladder it is often necessary to con- 
tinue anticholinergic medication (in conjunction with bladder retrain- 
ing) for a number of years. It is important to persist with this approach 
since up to 80% will become dry over the course of five years.!° 

More sophisticated treatments including biofeedback and 
behavioural therapy have a reported success rates of 60-80%20! 
in the treatment of daytime incontinence but a lower success rate 
(50-60%) for the treatment of severe nocturnal enuresis.22 

With the onset of puberty, physiological and anatomical changes 
are usually accompanied by greater awareness and increased motiv- 
ation to comply with treatment. As a consequence, even children 
with persisting symptoms will mostly become dry by their mid-teens 
at the latest. Only a very small percentage of affected individuals are 
destined to experience a disabling degree of incontinence in adult life. 


Conclusion 


The treatment of urinary incontinence in children is rewarding 
but can be challenging and requires commitment on the part of 
the child, parents, and clinician. Children with daytime incontin- 
ence persisting to five years of age merit formal assessment and 
investigation. 


Further reading 


Butler R, Holland P. The three systems: a conceptual way of understanding 
nocturnal enuresis. Scan J Urol Nephrol 2000; 34:270-7. 
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Haddad M, Besson R, Aubert D, et al. Sacral neuromodulation in children 
with urinary and fecal incontinence: a multicenter, open label, 
randomized, crossover study. J Urol 2010; 184(2):696-701. 

International Children’s Incontinence Society. Available at: www.i-c-c-s.org 
[Online]. 

Nevéus T, von Gontard A, Hoebeke P, et al. The standardization of 
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CHAPTER 8.8 


Abnormalities of the bladder 


Peter Cuckow 


Introduction to abnormalities 
of the bladder 


This chapter provides an overview of the current management 
of the exstrophy—epispadias complex and other congenital abnor- 
malities of the bladder. Neuropathic bladder is considered in 
Chapter 8.6. 


Exstrophy, epispadias, and cloacal exstrophy 


These anomalies are grouped together as the ‘exstrophy-epispadias 
complex’. In the United Kingdom the treatment of children with 
exstrophy—epispadias anomalies is now concentrated in two supra- 
regional centres. 


Classic bladder exstrophy 
The incidence is approximately 1 in 30,000, with a male:female 
ratio of 3:1. Bladder exstrophy usually occurs as an isolated abnor- 
mality which is believed to have its origins in failure of mesodermal 
ingrowth between the layers of the cloacal membrane. Subsequent 
rupture of the cloacal membrane results in exposure of the blad- 
der, which occupies the defect as an open plate. Bladder exstrophy 
is accompanied by separation of the pubic rami (‘pubic diastasis’), 
division of the inferior rectus sheath and a low-set insertion of the 
umbilical cord (Fig. 8.8.1). 

In boys, the exposed bladder is continuous with the exteriorized 
epispadiac urethra on the dorsal aspect of the penis. Because of 
their attachment to the widely separated inferior pubic rami, the 


Fig. 8.8.1 Classic bladder exstrophy. (A) In the male, the bladder is continuous 
with the dorsal urethral plate on the penis (p). Above the umbilical cord (u) the 
rectus muscles separate to insert onto the split pubic bones on either side (pb). 
(B) In the female, the clitoris (c) and attached labia minora are divided on either 
side of the vaginal opening (v), which marks the lower limit of the urethral plate. 


origins of the corpora are also separated—leading to considerable 
reduction in the length of the penile shaft. In girls the urethral plate 
is shorter and ends in the midline at the introitus between the two 
halves of a separated (bifid) clitoris. 

Approximately 50% of cases of classic bladder exstrophy are now 
diagnosed on antenatal ultrasound. Diagnostic findings include a 
low-lying umbilical cord, non-visualization of the bladder, and a 
shortened, thickened penis. Those countries where termination of 
pregnancy is practised have witnessed a marked decline in the birth 
incidence of bladder exstrophy. Prenatal counselling in a specialist 
centre enables parents to gain an informed perspective of the long- 
term outlook and permits planning of peri and postnatal care. 


Primary bladder closure 

Ideally this is performed in the first few days of life! but can be safely 
delayed if circumstances dictate. The use of bilateral iliac osteoto- 
mies to relieve tension on the bladder closure and reduce the risk 
of dehiscence is now usually limited to delayed primary closure or 
secondary closure after previous dehiscence. Osteotomies are still 
used, however, when there is a large defect” and in cloacal exstro- 
phy. In surgery, the bladder plate is separated from the abdominal 
wall and the medial aspect of the rectus muscles, with the dissec- 
tion continuing down to the level of the veru montanum in boys or 
the vaginal opening in girls. Once it has been fully mobilized, the 
bladder is then closed in the midline. Pelvic and abdominal wall 
tissues are then reconstituted, leaving the urethral opening sited at 
the base of the penis in boys and above the vaginal orifice in girls. 


Complete primary reconstruction 

This radical alternative entails a far more extensive primary proced- 
ure aimed at simultaneous anatomical reconstruction of the blad- 
der, urethra, and penis. It is usually delayed for several months and 
routinely includes osteotomies. While it carries a significant risk of 
complications, this approach offers a worthwhile prospect of nor- 
mal voiding continence.* 


Secondary procedures 

Following successful primary closure, further surgery is required 
to create continence and to reconstruct the genitalia. In the ‘mod- 
ern staged repair’ (as described by Jeffs)? correction of the penile 
abnormality is usually performed in the first year of life. The ureth- 
ral plate is separated from the penile corpora, tubularized to the 
tip of the glans, and then relocated inferior to the corporal bodies. 
External rotation of the corpora corrects the dorsal chordee. When 
the bladder capacity has increased sufficiently a further operation is 
undertaken to reconstruct the bladder neck. In some children this 
combination of procedures may be sufficient to create an obstructed 
pattern of continence. 
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Fig. 8.8.2 Bladder exstrophy. (A) Appearances after primary bladder closure demonstrating epispadiac urethra; and (B) the emergent penis after a Kelly operation. The 
urethra opens in a hypospadiac position and the patient will subsequently undergo a staged urethroplasty. He is continent. 


The Kelly operation® involves a radical reconstruction of the soft- 
tissues to restore normal anatomical relations of the bladder outlet, 
pelvic floor, urethra, and penis. It is performed at around one year 
and entails extensive mobilization of the corpora from the pubic 
rami and release of the pelvic floor, with careful preservation of the 
pudendal nerves and vessels. The ureters are reimplanted and the 
bladder neck is redefined and loosely reconstructed. The urethra 
is tubularized and the corpora approximated in the midline, thus 
enhancing penile length (Fig. 8.8.2). 

In girls, complete mobilization of the clitoral corpora enables 
them to be joined in the midline. The urethra and vagina are both 
wrapped in muscle to form a notional sphincter. 

Daytime continence develops in up to 70% of patients over the 
following three to four years with night-time continence ensuing as 
bladder capacity increases. 


Continent diversion 

This was the mainstay of treatment until the late 1990s and contin- 
ues to play a role in children who do not achieve continence despite 
one of the procedures described above. A tight bladder neck recon- 
struction is performed to create high outlet resistance. Bladder cap- 
acity is increased by ileocystoplasty and emptying is achieved by a 
continent catheterizable channel (Mitrofanoff procedure). 


Cloacal exstrophy 

The incidence is approximately 1 in 300,000, with a male prepon- 
derance. Clocal exstrophy is thought to originate from failure of 
septation of the cloaca accompanied by a lack of mesodermal in- 
growth into the cloacal membrane. The exposed bladder is usu- 
ally divided into two halves lying on each side of a central section 
of exstrophic bowel. The intestinal component typically consists 
of an open caecum with the ileum entering it, one or two appen- 
dices, a blind-ending distal hindgut segment and an imperforate 
anus. The pelvic diastasis is far wider than in classic exstrophy and 
consequently the penis is even shorter or may be separated into 
two halves. In girls the vagina may be absent but is more often 


duplicated. The abdominal wall defect is usually accompanied by a 
large exomphalos above the exstrophy plate (Fig. 8.8.3). 

Cloacal exstrophy is commonly complicated by prematurity and 
intrauterine growth retardation. There is also a high incidence of 
congenital anomalies affecting other systems. 

Most cases are now detected antenatally and many parents opt 
for termination. When the pregnancy proceeds, neonatal mortality 
rate remains high—particularly in cases with an associated major 
cardiac or small bowel anomaly. 

Initial management is aimed at stabilizing the infants general 
condition and managing any complications of prematurity. This is 
followed by a detailed radiological assessment including urinary 
and spinal ultrasound and cardiac echo. 


Abdominal closure 

Surgery is often delayed to allow conservative management of the 
exomphalos and to treat complications of prematurity or other life- 
threatening conditions. Iliac osteotomies are invariably required to 
facilitate closure without tension, and the use of a temporary silo or 
a prosthetic mesh may also be necessary. The central bowel plate is 
isolated and then tubularized to restore intestinal continuity, with 
the hindgut distal to it being exteriorized as a terminal colostomy. 
The two bladder halves are then joined together with a narrowed 
outlet at the base of the corpora. 


Continence 

Since there is little realistic prospect of achieving faecal continence, 
the intestinal abnormality is usually managed by a permanent end 
colostomy. Further reconstruction of the bladder entails bladder 
neck reconstruction (or closure) combined with cystoplasty and a 
creation of a Mitrofanoff conduit. 

Although the majority of affected individuals now have the 
potential to survive into adulthood, they are nevertheless likely to 
experience significant physical® and psychological morbidity. For 
this reason, the ongoing support provided by nurse specialists and 
psychologists is of paramount importance. 
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Fig. 8.8.3 Cloacal exstrophy. (A) Preoperative view showing two hemi-bladders (b) with a prolapsing hindgut segment (h) between them. The penis (p) is in two halves, 
attached to the widely separated pubic bones. There is no exomphalos. (B) Following midline closure with osteotomies, the two penile halves are joined together but 
require further reconstruction (Kelly operation). There is an L-sided end colostomy (s). Bilateral inguinal hernias (i) have developed. 


Primary epispadias 

This is more common in boys, in whom the estimated incidence is 
1 in 150,000. The anomaly is characterized by an exposed urethral 
plate lying on the dorsum of the penis. Primary epispadias varies 
in severity from a localized deficiency of the glanular urethra (with 
preservation of normal continence) to extensive exteriorization of 
the penile and proximal urethra with an associated bladder neck 
abnormality (which is usually accompanied by urinary incontin- 
ence). The degree of bladder neck incompetence and reduction in 
bladder capacity generally correlates with the severity of the epis- 
padiac anomaly. In girls, primary epispadias is characterized by a 
divided (bifid) clitoris, wide urethra, and bladder neck deficiency. 
Incontinence is inevitable (Fig. 8.8.4). Although some visible 
abnormality is invariably present from birth it may, nevertheless, 
remain undetected in girls until they are investigated for incontin- 
ence in later childhood. Likewise, distal epispadias in boys may be 


(A) 


concealed by an intact foreskin and may not become apparent until 
the foreskin becomes retractile—or at the time of circumcision. 

In severe cases, cystoscopy reveals marked deficiency of the 
bladder neck muscle with the veru montanum located within 
the bladder and abnormal appearances of the trigone. However, 
the cystoscopic findings do not reliably predict the eventual prog- 
nosis for continence. 


Surgical repair 


In boys who are continent, the Cantwell-Ransley epispadias repair” 
yields good results—although the penis may still appear relatively 
short. When epispadias is associated with incontinence, the Kelly 
operation is now the preferred option. Despite optimal reconstruc- 
tion, however, it may be difficult to create continence and normal 
spontaneous voiding because of the dysplastic nature of the bladder 
neck and sphincter musculature. 


Fig. 8.8.4 Primary epispadias. (A) Glanular epispadias with dorsal cleft glans but a normal bladder neck is seen at cystoscopy. (B) A more severe case associated with 
an open bladder neck at cystoscopy. (C) A typical female case, showing the divided clitoris and dorsally deficient urethra. Late presentation during investigation for 


incontinence. 
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In girls, the Kelly operation has a high success rate—both in 
terms of continence and correction of the bifid clitoris. The alterna- 
tive approach consists of bladder neck reconstruction, cystoplasty, 
and a Mitrofanoff procedure. 


In early gestation the urinary tract communicates freely with the 
amniotic cavity via the urachus, which extends from the bladder 
to the umbilicus. The lumen of the urachus normally closes around 
the twelfth week leaving a non-patent fibrous cord—the median 
umbilical ligament. 

The commonest urachal anomaly (accounting for approximately 
50% of cases) is a sinus in which a patent section of the residual 
urachus communicates with the umbilicus—but not with the blad- 
der. Presentation is with umbilical discharge, persistent granulation 
tissue or pain, and localized tenderness. Investigation consists of 
ultrasound? and contrast sinography (to determine the proximal 
extent of the sinus). The standard treatment is surgical excision. 

Urachal cysts account for approximately one-third of cases and 
usually present with infection, the commonest organism being 
Staphylococcus aureus. The diagnosis is confirmed by ultrasound. 
Asymptomatic urachal cysts are sometimes identified incidentally 
during ultrasound imaging for unrelated indications. 

When infection is present, this is managed with antibiotics, com- 
bined with surgical drainage if necessary. Surgical excision? is best 
deferred until any infection has been eliminated. Asymptomatic 
cysts should also be excised in view of the reported long-term risk 
of adenocarcinoma. 1%11 


Im:1 (F11) 


A persistent patent urachus accounts for around 10% of cases and 
may be associated with bladder outflow obstruction (e.g. posterior 
urethral valves) or prune belly syndrome. It is usually evident from 
birth as a fluid discharge (of urine) from the umbilicus. Contrast 
cystography is performed to confirm the diagnosis and delineate 
the anatomy prior to surgical closure (Fig. 8.8.5). 

Rarely, a persistent blind-ending section of patent urachus which 
communicates with the bladder lumen can create a non-obstructive 
diverticulum, which is visualized as an incidental finding on a mic- 
turating cryptogram. 


A bladder diverticulum consists of a thin-walled out-pouching of 
the bladder mucosa protruding between bands of detrusor mus- 
cle. Diverticula occur more commonly in boys in whom they are 
often secondary to elevated intravesical pressure caused by out- 
flow obstruction due to posterior urethral valves, syringocele, 
and urethral strictures. Other causes include neuropathic bladder, 
detrusor-sphincter dyssynergia, and prune belly syndrome.1213 
Small secondary diverticula tend to resolve spontaneously after 
normal bladder dynamics have been restored, for example follow- 
ing ablation of posterior urethral valves. 

Diverticula occur most commonly above and lateral to the 
ureteric orifice, from where they may extend outwards through the 
ureteric hiatus. Diverticula may also develop in this site as an iatro- 
genic complication of ureteric reimplantation. Other sites include 
the dome of the bladder, particularly in cases of severe outlet 
obstruction. Large diverticula in the region of the bladder neck or 
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Fig. 8.8.5 Micturating cystourethrogram showing a patent urachus in a baby girl, presenting after birth as a discharge of urine from the umbilicus. 
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Fig. 8.8.6 Two ultrasound images of a large bladder diverticulum in a boy with posterior urethral valves. This persisted following valve resection and resulted in poor 


bladder emptying. The diverticulum was therefore excised. 


proximal urethra can cause distortion or compression of the blad- 
der outlet, thus exacerbating any outflow obstruction. 

Bladder diverticula also occur in children with connective tis- 
sue disorders such as Menkes syndrome, Ehlers Danlos syndrome, 
cutis laxa, and Williams syndrome. In these conditions, there is a 
high incidence of recurrence following surgical excision. Primary 
diverticula of unknown aetiology can also occur in children (pre- 
dominantly boys) with no identifiable underlying pathology. 
Excision is usually curative in such cases. The investigation of blad- 
der diverticula is by pre- and post-void ultrasound (Fig. 8.8.6) and 
micturating cystourethrography. 

Small asymptomatic diverticula can usually be managed conser- 
vatively, whereas surgical excision is indicated for larger diverticula 
giving rise to symptoms or complications. 


Conclusions 


The spectrum of congenital anomalies of the bladder includes some 
of the most severe abnormalities of the urinary tract compatible 
with survival. While the surgical management of urachal anoma- 
lies and bladder diverticula lie within the remit of every paediat- 
ric urologist, there are compelling arguments for concentrating the 
management of the exstrophy—epispadias complex in the hands ofa 
small number of specialists. This model of service provision, which 
has already been adopted in the United Kingdom, offers the best 
prospect of improving the long-term outcome for children born 
with these rare conditions. 


Further reading 


Cendron M. Unusual conditions of the bladder, including bladder trauma, 
urachal anomalies and bladder diverticula. (pp. 1047-58) In: Docimo 
SG, Canning D, Khoury A (eds). Textbook of Clinical Pediatric Urology, 
5th edition. London, UK: Taylor and Francis, 2007. 

Cuckow P. Bladder exstrophy and epispadias. (pp. 199-211) In: Thomas 
DEM, Duffy PG, Rickwood AMK (eds). Essentials of Paediatric Urology, 
2nd edition. London, UK: Informa Healthcare, 2008. 


Gearhart JP. Exstrophy epispadias and other bladder anomalies. (p. 2189) 
In: Walsh PC, Retik AB, Vaughan D, Wein AJ (eds). Campbell’ Urology, 
8th edition. Philadelphia, PA: WB Saunders, 2002. 
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CHAPTER 8.9 


Hypospadias 


Peter Cuckow 


Introduction to hypospadias 


This chapter summarizes the aetiology and clinical features of 
hypospadias and describes the current surgical approach to the 
correction of this common urological anomaly. 


Aetiology 


Embryological development of the urethra 


The penile urethra is formed when the urethral folds fuse in a prox- 
imal to distal direction on the genital tubercle and merge with an 
invagination or ‘ingrowth’ from the tip of the glans which gives rise 
to the glanular urethra. This process is testosterone-dependant and 
is completed by the fifteenth week of gestation. Abnormalities of 
the normal pattern of development give rise to hypospadias.!? 


Aetiological factors and epidemiology 


Hypospadias has an incidence of approximately 1 in 250 to 1 in 
300.3 The aetiology is multifactorial and includes genetic, endo- 
crine, developmental, and environmental factors. Approximately 
8% of fathers and 14% of male siblings of infants with hypospadias 
also have the condition. Factors thought to interfere with normal 
virilization include; maternal progestogen treatment in early preg- 
nancy, infertility treatment, and intrauterine growth retardation.* 
Intrauterine exposure to environmental pollutants with antiandro- 
genic or oestrogenic properties has also been suggested as a pos- 
sible aetiological factor. More severe forms of hypospadias merge 
with the spectrum of disorders of sexual development (DSD) and 
karyotyping and endocrine screening are therefore essential in such 
cases—particularly if the gonads are impalpable or asymmetric. 


Classification 


Anatomical features 


In hypospadias the urethral opening is located in an abnormal pos- 
ition, which may be sited at any point from the anterior anal mar- 
gin to just below the tip of the glans. An exteriorized urethral plate 
extends from the urinary meatus to the glans, often terminating in 
a groove of varying depth. In some cases a blind ending urethral 
‘pit’ is also present on the glans tip. 

The foreskin is typically incomplete on its ventral aspect—giving 
rise to a characteristic dorsal ‘hood. Downward (ventral) curvature 
of the penile shaft (‘chordee’) is relatively common. In milder cases 
this may simply be due to tightness of the ventral skin (Fig. 8.9.1) 
but more severe chordee is either due to tethering of the penile cor- 
pora by abnormal dysgenetic tissue or intrinsic curvature of the 
corpora. 


Fig. 8.9.1 Ventral urethral meatus located on the penile shaft (m). Urethral plate 
distal to the meatus (p) and dorsal hooded foreskin (f). Shallow glans groove and 
distal glanular pit (g). 


Broadly speaking, hypospadias is classified as: glanular, dis- 
tal penile, proximal penile, or penoscrotal. In 80% of cases, the 
urethral meatus is located on the penile shaft or glans, whereas in 
the remaining 20% of cases it is sited more proximally at the base 
of the penile shaft or in the region of the penoscrotal junction. 
The more distally the urinary meatus is located, the straighter and 
better developed is the penis (and the greater the likelihood that 
the hypospadias will be amenable to single-stage surgical correc- 
tion). Severe cases are characterized by a proximal meatus, more 
severe chordee, and relative hypoplasia of the shaft and glans. The 
more extensive reconstruction required in such cases typically 
comprises a two-stage repair (Fig. 8.9.2). A distally sited meatus 
may sometimes be deceptive since, in some cases, the spongiosum 
tissue is deficient and the urethra is thin walled and dysplastic. In 
the ‘mega meatus intact prepuce’ variant the prepuce is entirely 
normal but the urethra opens into a wide cleft in the glans. This 
anomaly may only become apparent at an age when the foreskin 
becomes fully retractile—or, alternatively, during the initial stage 
of circumcision. 


Fig. 8.9.2 More severe case than illustrated in Fig 8.9.1. Meatus located at the 
penoscrotal junction (m). The proximity of the meatus to the glans is indicative of 
severe chordee. 


Presentation and assessment 


Hypospadias is usually diagnosed at birth or during routine neo- 
natal examination. In severe cases, the possibility of an underly- 
ing DSD should be considered and multidisciplinary assessment 
undertaken. Although the precise position of the urethral meatus 
may sometimes be difficult to identify on initial examination, 
impairment of urinary flow is very unusual and, indeed, ifuntreated 
hypospadias rarely has any impact on health in infancy. 


Surgical management 
Timing of surgery 
Surgical correction is best deferred until at least nine months of age 
and in most UK centres, the preferred age is shortly after the first 
birthday. An initial urological consultation is advisable at around 
three months of age to determine the likely plan of management 
based on factors such as meatal position, the presence and severity 
of chordee, and overall development of the shaft and glans. 

In a minority of cases the final decision regarding the choice of 
surgical procedure can only be made once the full extent of the chor- 
dee has been assessed intraoperatively by an artificial erection test. 


General considerations 

The priorities of surgical management are: 

+ Correction of chordee to create a straight penile shaft 
+ Reconstruction of the urethra to the penile tip 

+ Reconstruction of the glans and the urinary meatus 


Reconfiguration of the penile shaft skin. This usually entails remov- 
ing excess skin to create the appearances of a normal circumcised 
penis. Although reconstruction of the foreskin is also feasible in 
many cases this has been reported to carry an increased risk of 
complications. 

Ultimately, the aims are to enable the affected individual to pass 
urine normally in a standing position like his peers, to ensure nor- 
mal erectile function and to achieve a cosmetic appearance that is 
as normal as possible. 
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More than 200 named operations have been described since the 
1800s and over 1,000 articles on hypospadias were published in 
major journals between 1990-2000. 

Many of the historic techniques attributed to Ombredanne, 
Duplay, Byers, Dennis Browne and others have been incorporated 
into the procedures employed in current practice. The use of mag- 
nification, antibiotic prophylaxis, fine, absorbable sutures, ureth- 
ral stents, and dressings have all contributed to greatly improved 
surgical success rates in recent years. However, the most important 
determinants of a successful outcome are the experience and com- 
mitment of the surgeon and regular peer-reviewed audit of results. 


Single-stage repair 
There is broad consensus that cases of distal hypospadias where 
the penis is straight following release of penile shaft skin can be 
repaired with a single-stage procedure. If the urethral plate is of suf- 
ficient width and is accompanied by a well-defined glans groove, it 
can be tubularized from the urethral opening to the tip of the glans 
using a technique based on the principle first described by Thiersch 
and Duplay. The MAGPI procedure (meatal advancement and 
glanuloplasty) devised by Duckett? for the correction of subcoronal 
hypospadias is also still widely used. The technique of incising the 
urethral plate in the midline prior to closure around a stent was first 
described by Orkiszewski in 1986 and forms the basis of the TIP 
(tubularized incised plate). Popularized by Snodgrass, this tech- 
nique has been adopted by the majority of surgeons in the United 
Kingdom for the correction of distal hypospadias (Fig. 8.9.3).6-8 
More severe forms of hypospadias with a proximal meatus and 
chordee can also be corrected with a single-stage operation using 
a variety of techniques. In the 1980s Asopa and Duckett devised 
urethroplasty techniques employing a tube or onlay flap derived 
from preputial skin mobilized on a vascular pedicle and then incor- 
porated into the urethral plate to create the neo urethra.’ Newer 
techniques (such as that described by Koyanagi) also employ a 
single-stage repair. However, the high complication rates of com- 
plex single-stage procedures have prompted many surgeons to 
switch to a staged approach. 


Staged repair 


Originally proposed by Dennis Browne, the two-stage approach 
is now favoured by most UK Paediatric Urologists for the repair 
of severe hypospadias or ‘salvage’ or ‘re do’ cases.!°!! During the 
first stage, the penile skin is mobilized from the shaft and dysplas- 
tic urethral plate tissue is dissected off the ventral surface of the 
corpora. An artificial erection test is then performed to accurately 
assess the severity of any residual chordee. When this is present 
it is corrected by mobilizing the neurovascular bundles off the 
dorso-lateral surface of the corporal bodies and then performing 
strategically placed plications (‘tucks’) on their convex surface. The 
effect is similar to that achieved by Nesbitt’s procedure. A free graft 
of inner preputial skin is harvested and laid into the ventral sur- 
face of the shaft and glans—which has first been split open on its 
ventral aspect to create a wide, rectangular raw surface. The graft 
is secured with multiple circumferential and quilting sutures and 
a temporary pressure dressing is applied for a week during initial 
graft healing (Fig. 8.9.4). The remaining skin is then used to cover 
the penile shaft. 

The second stage is performed once the graft has healed—usually 
a minimum of six months after the first stage procedure. Using a 
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Fig. 8.9.3 (A) Distal hypospadias with a deep glans groove. No chordee. (B) Surgical correction by tubularization of the incised urethral plate, (C) leaving a circumcised appearance. 


U-shaped incision, the graft is tubularized and the urethra recon- 
structed in at least three layers around a stent (Fig. 8.9.5). 

Most hypospadias surgeons routinely use some form of postop- 
erative dressing and a period of bladder drainage with an indwelling 
stent or catheter. A prophylactic antibiotic and an anticholinergic 
agent (to reduce bladder spasm) are prescribed if a stent has been 
left in situ. 


Complications 

Hypospadias surgery carries a wide range of complications.!*!3 
Complete breakdown of the repair may be caused by infection, 
ischaemia, tension on the tissues used for urethroplasty or a com- 
bination of these factors. A tight urethral closure or swelling and 
inflammation of the penis may result in partially obstructed void- 
ing and extravasation of urine through the suture line after removal 
of the stent and dressing. Treatment usually consists of a further 
period of catheter drainage—via a supra pubic route if necessary. 
The occurrence of severe complications in the early postoperative 
period carries a high risk of longer-term problems and the need for 
revision surgery. 


Urethro cutaneous fistula is the commonest complication requir- 
ing further surgery. Typically, fistulas are caused by localized tissue 
breakdown in the vicinity of the suture line or poor urethral closure 
technique. 

Scarring of the reconstructed urethra causes narrowing—either 
at the meatus (meatal stenosis) or in the neo urethra (urethral stric- 
ture). In turn this leads to partially obstructed voiding with impaired 
flow, secondary bladder dysfunction, and upper tract changes in 
severe cases. Flowmetry has been used for clinical research studies 
of voiding function following hypospadias repair!*!> and is being 
increasingly incorporated into routine follow-up protocols in many 
centres. 

Although dilatation may be effective, surgical revision is often 
necessary for the definitive treatment of more severe strictures or 
stenosis. 

Widely varying complication rates have been reported following 
surgical repair of distal hypospadias. In the hands of experienced 
surgeons, however, the overall complication rate should probably 
be no higher than 10%. By contrast, the single-stage approach for 
the correction of proximal hypospadias entails lengthy, complex 


Fig. 8.9.4 (A) First stage of two-stage repair in a severe case. (B) Chordee, due to corporal curvature is shown by artificial erection. (C) This is corrected with dorsal tucks. 


(D) Excess prepuce is applied to the ventral shaft and split glans as a free graft. 
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Fig. 8.9.5 Second stage repair. (A) The graft is incised with a U-shaped incision (B) The urethra is reconstructed in three layers. 


surgical procedures. It not surprising, therefore, that re-operation 
rates of up to 50% have been reported—with fistulas and meatal 
stenosis occurring in up to 30% of cases.!© Although the complica- 
tion rate has been considerably reduced following the introduction 
of two-stage repairs, 20% of patients may nevertheless require an 
additional procedure. 

The benefits of correcting minor forms of glanular hypospadias 
are questionable since they rarely impact on function and surgi- 
cal correction introduces the potential risk of complications. Such 
cases can be managed by a modified circumcision to remove the 
preputial hood and, if necessary, a meatoplasty to improve the dir- 
ection of the urinary stream. While the appearance of the penis may 
not be not entirely normal the cosmetic deficit is usually minimal. 


Revision surgery 


Dehiscence can often be corrected by simple re-closure of the 
urethra in accordance with a TIP repair—incorporating a buccal 
mucosa inlay graft if necessary. 

Simple closure of urethro cutaneous fistulas is usually effective 
if there is no distal stenosis and if adequate tissue is available to 
achieve closure in three layers. 

Persistent chordee is best managed by excision of ventral scar tis- 
sue and grafting of the penile shaft during the first stage of a two- 
stage revision procedure. Healthy inner preputial skin is the graft 
of choice but buccal mucosa and posterior auricular skin can be 
used if this is not available. For some patients, it may be prefer- 
able to accept a meatus of adequate calibre sited on the distal shaft 
rather than undergo repeated unsuccessful attempts to reconstruct 
the meatus on the tip of the glans. 


Long-term results 


Although the available evidence is limited!” it clearly indicates 
that a proportion of patients experience unsatisfactory long-term 
outcomes. Balanitis Xerotica et Obliterans is a relatively common 


indication for late surgical revision in adults following hypospadias 
surgery in childhood. 

While successful surgical repair can help to minimize any long- 
term psychological morbidity, a minority of patients will neverthe- 
less experience significant psychological problems related to their 
condition. Long-term follow-up and support may therefore be 
beneficial for patients with severe forms of hypospadias. 


Conclusion 


Hypospadias is one of the commonest congenital abnormali- 
ties of the genitourinary tract. Approximately 80% of cases are of 
mild to moderate severity and can be successfully corrected with a 
single-stage procedure. A two-stage approach is being increasingly 
adopted for more complex cases. The experience and commitment 
of the surgeon, coupled with regular audit of results are the most 
important determinants of a successful surgical outcome. 


Further reading 


Hadidi A, Azmy AF. Hypospadias Surgery: An Illustrated Guide, 2nd edition. 
Berlin, Germany: Springer Verlag, 2013. 

Snodgrass WT, Shukla AR, Canning DA. Hypospadias. (pp. 1204-38) 
In: Docimo SG, Canning D, Khoury A (eds). Textbook of Clinical 
Pediatric Urology, 5th edition. London, UK: Taylor and Francis, 2007. 

Wilcox DT, Mouriquand PDE. Hypospadias. (pp. 213-31) In: Thomas DFM, 
Duffy PG, Rickwood AMK (eds). Essentials of Paediatric Urology, 2nd 
edition. London, UK: Informa Healthcare, 2008. 
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CHAPTER 8.10 


Disorders of the prepuce 
Ahmed A. Darwish and Kim A.R. Hutton 


Introduction to disorders of the prepuce 


The prepuce (or foreskin) is the portion of penile skin covering 
and protecting the underlying surface of the glans. At birth, the 
foreskin is normally adherent to the glans, with the result that it 
is non-retractile. The term ‘physiological phimosis’ is applied to a 
healthy but non-retractile foreskin. During the first few years of life, 
spontaneous lysis of the adhesions between the foreskin and glans 
occurs, with the result that the foreskin gradually becomes retract- 
ile. However the rate at which this process occurs varies very con- 
siderably between different individuals. 

The normal foreskin can be partly or completely retracted in 20% 
of boys at 6 months of age, in 50% at one year, 80% at two years, 
and in 90% by the age of three years.!~> In many boys, however, 
complete retraction of a healthy foreskin may not be possible until 
much later in childhood. Significant pathology affecting the fore- 
skin generally presents with symptoms or cosmetic concerns. 


Pathological phimosis 


This term is largely synonymous with balanitis xerotica obliterans 
(BXO), a progressive inflammatory process of unknown aetiology 
affecting the male genitalia. First described in adults by Stuhmer 
in 1928,° the first published report of BXO in a child is credited 
to Catterall and Oates in 1962.7 The disease is histologically iden- 
tical to lichen sclerosis et atrophicus of the vulva. Balanitis xerot- 
ica obliterans typically presents with local irritation, dysuria, and 
bleeding, secondary (i.e. acquired) non-retraction of the foreskin or 
deteriorating urinary stream. Rarely, it presents with acute urinary 
retention or incontinence secondary to chronic outflow obstruc- 
tion. In extreme cases there may be renal impairment.’ Areas of 
greyish white discoloration and thickening of the skin develop at 
the preputial opening and on the inner layer of the foreskin and 
the glans penis. As the disease progresses, the skin becomes inelas- 
tic with whitish plaques coalescing to produce a fibrotic preputial 
ring (Fig. 8.10.1). When the disease is more extensive it may be 
accompanied by ulceration and involvement of the external ureth- 
ral meatus and urethra. Although it was previously taught that BXO 
does not affect boys under the age of 5 years, recently published 
evidence has shown this to be incorrect. One published series of 
affected boys included five with histologically proven BXO who 
were under 4 years of age and one who was under two years of age.” 
Glanular involvement occurs in around half of paediatric cases of 
BXO, with meatal involvement in 20-30%. Depending upon the 
severity of meatal stenosis treatment consists of topical steroid 
therapy, meatal dilatation or meatotomy/meatoplasty.!®!! Balanitis 
xerotica obliterans is widely regarded as an absolute indication for 


” 


Fig. 8.10.1 Pathological phimosis in a 13-year-old boy due to balanitis xerotica 
obliterans. Note the whitish scarred appearance to the narrowed preputial orifice. 


circumcision. The excised foreskin should be sent for histological 
examination to confirm the diagnosis.!? Follow-up is indicated to 
monitor for the development of meatal stenosis.!° In adult patients 
there is an association between BXO and squamous cell carcinoma 
(SCC) of the penis!’ but whether childhood BXO predisposes to 
the later development of SCC is entirely unclear. 


Paraphimosis 


Paraphimosis is rare in childhood but can arise following retraction 
of a physiological phimosis by a boy (or parent) who is unaware of 
the importance of returning the foreskin to its original position over 
the glans. Circumferential constriction caused by physiological phi- 
mosis restricts venous return from the foreskin and glans leading 
to discoloration, oedema, and localized discomfort. Paraphimosis 
is a urological emergency which, if untreated can progress to tissue 
necrosis.!+!5 Several non-invasive techniques have been described 
for its reduction which involve manual compression in combin- 
ation with; an ‘iced glove’ method,!® osmotic agents such as sugar,!” 
or mannitol,!* and flexible, self-adhering bandages.!° The Dundee 
technique of multiple needle puncture with expression of oedema 
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fluid usually requires general anaesthesia in childhood.!? A dorsal 
slit can be performed as a last resort. Since data from clinical trials 
are lacking the treatment of paraphimosis is usually based on local 
practice or local guidelines.” Paraphimosis is normally an isolated 
event and is not an indication for circumcision—except in boys 
experiencing recurrent episodes. 


Congenital megaprepuce 


First described in a case report in 1994,” this condition appears to 
be becoming more common. Typically, the preputial sac is signifi- 
cantly enlarged, surrounds the whole penile shaft and distends with 
urine to produce a dome-shaped swelling or ‘volcano’-type penis. 
The urinary stream is poor, being replaced by constant dribbling of 
urine from the reservoir trapped in the preputial sac. Congenital 
megaprepuce rarely causes urinary tract infection. In some boys it 
may be genuinely congenital, having been present from birth but 
in others it appears to be acquired. Congenital megaprepuce can 
be confidently diagnosed on clinical grounds alone and imaging 
is unnecessary. Surgery is advisable to correct both the cosmetic 
and functional aspects of the condition (Fig. 8.10.2). A number of 
different surgical techniques have been described but while their 
short-term cosmetic outcome may be acceptable, the longer-term 
results are more variable and often disappointing. Technical diffi- 
culties centre on the paucity of penile shaft skin and the poor def- 
inition of the penopubic and penoscrotal angles. In addition it is 
invariably necessary to rely on inner preputial skin for coverage of 
at least part of the penile shaft. This has inherently different aes- 
thetic properties to normal penile shaft skin.??-74 In an attempt 
to simplify reconstruction, recent techniques such as ventral 
V-plasty?> and genitoplasty with penoscrotal separation?® have 
been described. Surgical correction of this condition is best per- 
formed by a specialist surgeon with experience of paediatric penile 
reconstructive surgery. 


Other disorders of the prepuce 


Preputial adhesions to the glans resolve spontaneously? and do 
not require any form of intervention. Smegma which accumulates 
behind an adherent prepuce can create the appearance of a yellow- 
ish ‘cyst, also called a preputial ‘pearl.?” This may also resemble 
the appearance of a mobile subcutaneous lipoma of the distal pen- 
ile shaft. Such ‘cysts’ always resolve spontaneously. True mucous 
retention cysts of the foreskin are rare and are treated by surgical 
enucleation. Acute balanoposthitis (infection of the prepuce and 
glans) is a common condition resulting in localized erythema and 
oedema.”® Although the infection is often self-limiting, a culture 
swab should be taken and oral antibiotics prescribed for more 
severe cases in which there is discharge of pus from the prepu- 
tial opening. Balanoposthitis is not an indication for circumcision 
except when it occurs repeatedly. Many boys with mild infection 
or minor irritation are referred inappropriately for surgical assess- 
ment.?? Rarely, genital involvement in cases of Henoch-Schénlein 
purpura can be mistaken for balanoposthitis.*° 


Circumcision and alternatives 
to circumcision 


In the United Kingdom, medical indications for paediatric circum- 
cision are restricted to boys with BXO, recurrent balanoposthitis, 


Fig. 8.10.2 (A) Congenital megaprepuce in an infant with a concealed penis from 
birth; and (B) postoperative appearance following a modified circumcision. 


or repeated episodes of paraphimosis. Circumcision may also be 
justified as a prophylactic measure against urinary tract infec- 
tion (UTI) in boys with significant urinary tract abnormalities 
such as posterior urethral valves or vesicoureteric reflux.3!3* The 
American Academy of Pediatrics Task Force on Circumcision’? 
has recently updated its guidance on circumcision, with a recom- 
mendation that the health benefits of newborn male circumcision 
outweigh the risks. The benefits claimed for routine neonatal cir- 
cumcision include; prevention of urinary tract infections, reduced 
risks of acquiring some sexually transmitted infections (including 
HIV) and prevention of penile cancer. However, the authors of the 
American Academy of Pediatrics (AAP) recommendations have 
been strongly criticized on the grounds of cultural bias and flawed 
interpretation of the published evidence.34 In most Western coun- 
tries, routine neonatal circumcision is not considered to be a legit- 
imate public health measure. Ritual circumcision of male infants 
and children is, however, widely performed in accordance with 


certain religious and cultural beliefs. In the United Kingdom this 
is usually undertaken in a community setting by individuals who 
may or may not be medically qualified. A range of techniques are 
employed, of which the use of a Plastibell disposable device is prob- 
ably the commonest. Circumcision services are provided under the 
auspices of the National Health Service in some cities in the United 
Kingdom. 

Clinical trials in countries with a high prevalence of HIV infec- 
tion have demonstrated that transmission of HIV infection is sig- 
nificantly reduced by circumcision.*>>° 

The successful treatment of ‘physiological’ phimosis and non- 
retractile foreskins by the use of topical steroids has been reported 
in a number of studies.37-39 This approach has also been reported 
to be effective in some cases of BXO.*° Preputioplasty is a useful 
alternative to circumcision but is unsuited to use in younger boys 
who are less willing to comply with the requirement for regular 
retraction of the prepuce postoperatively.41 Although most sur- 
geons prefer circumcision to preputioplasty for the treatment of 
BXO, promising initial results have been reported for preputio- 
plasty combined with intralesional steroid injection. 


Conclusion 


Physiological phimosis (a non-retractile but otherwise healthy 
foreskin) is one of the commonest reasons for surgical referral in 
childhood. In most cases, all that is required is parental reassurance 
and an explanation that the foreskin will gradually become fully 
retractile. Balanitis xerotica obliterans is the main medical indica- 
tion for circumcision and can be readily diagnosed from the clin- 
ical findings. 
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CHAPTER 8.11 


Undescended testis 
and inguinoscrotal 
conditions in children 


David FM. Thomas 


Undescended testis (cryptorchidism) 


Normal development and descent of the testis 


The testis develops within the genital ridge from the sixth week 
of gestation onwards. Endocrine regulation of testicular descent 
is complex but Miillerian inhibitory substance plays a role in the 
first phase of testicular descent whereas the second phase occurs 
in response to testosterone stimulation between the twenty- 
eighth and thirty-fifth week of gestation. Descent is mediated by 
contraction of the gubernaculum, which guides the descending 
testis into the scrotum.! The testis has normally descended fully 
by the time of birth in a term infant. During descent the testis is 
accompanied by the processus vaginalis, a pouch-like protrusion 
extending downwards from the peritoneal cavity into the scrotum 


(A) 


(Fig. 8.11.1, Fig. 8.11.1A).!4 Although the processus vaginalis nor- 
mally undergoes spontaneous closure in the later stages of gestation 
(Fig. 8.11.1B)? it remains open in around 3-5% of term infants, thus 
creating a potential inguinal hernia or communicating hydrocele. 
Although it was previously thought that the testis remains bio- 
logically quiescent until the onset of puberty it is now known that 
this is not the case. Active maturation of germ cells commences 
from around six months of age with transformation from fetal 
gonocytes to primary spermatocytes continuing until the age of 
three to four years. However, the process of germ cell maturation 
only proceeds normally when the testis is located within the scro- 
tum, where the temperature is 2-3°C lower than in the abdomen or 
groin. Germ cell maturation is impaired at higher temperatures and 
progressive temperature—related degenerative changes continue 


Fig. 8.11.1 Anatomy of processus vaginalis. (A) The processus vaginalis accompanies the testis during its descent into the scrotum; and (B) spontaneous closure 


of the processus vaginalis is normally complete by the time of birth in a term infant. 
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throughout childhood eventually culminating in total absence of 
germ cells after puberty. 


Aetiology 
Recognized factors? include: 


+ Impaired virilization due to defective androgen synthesis or par- 
tial and complete androgen sensitivity 


+ Mechanical factors (e.g. prune belly syndrome and abdominal 
wall defects) 


+ Genetically—determined 
syndrome)® 


syndromes (e.g. Prader-Willi 


+ Neurological disorders including spina bifida and cerebral 
palsy”® 


In the majority of cases, however, particularly of unilateral undes- 
cended testis (UDT), no specific aetiological factor can be identified. 


Classification 


It its simplest, the classification consists of palpable or impalpable 
UDTs. However, with patient and careful examination a testis which 
was initially thought to be impalpable can often be identified in 
the inguinal canal. Intracanalicular testes may be difficult to iden- 
tify on clinical examination since they are often mobile and tend to 
move between the inguinal canal and abdominal cavity through a 
wide-mouthed patent processus vaginalis. Inguinal undescended tes- 
tes are usually located just outside and above the external inguinal 
ring in the ‘superficial inguinal pouch: Retractile testes occur most 
commonly between three and seven years of age. So-called ‘high 
retractile’ testes also exhibit cremasteric overactivity but unlike 
normal retractile testes cannot be brought easily to the bottom of 
scrotum without tension on the spermatic cord. Ascending testes are 
those which have descended fully at birth but subsequently undergo 
secondary ascent during childhood to adopt an inguinal position 
which may be indistinguishable from a congenitally undescended 
testis (Fig. 8.11.2). 


Incidence 


The incidence of cryptorchidism in term infants is approxi- 
mately 1.5% and in preterm infants it is very considerably 
higher, depending on the degree of prematurity.’ The right testis 


Fig. 8.11.2 Anatomical classification of cryptorchidism. (a) Intra-abdominal 
testis; (b) intracanalicular testis; (c) inguinal testis (lying outside inguinal canal); 
(d) ascending testis; and (e) retractile testis. 


is affected more commonly than the left and 25% of cases are 
bilateral. 


Clinical features 


Most undescended testes are either identified during the course of 
neonatal examination or routine checks by health professionals in 
the first year of life. Occasionally a congenitally undescended testis 
undergoes spontaneous descent in the first six months of life but 
since this is rare, every infant with an undescended testis should 
be referred for a surgical opinion with a view to orchidopexy. 
Examination is best undertaken in a warm environment and should 
include inspection of the scrotum to assess the position of the testes 
prior to palpation. This should be performed gently and with warm 
hands to avoid evoking a cremasteric reflex.!° 


Orchidopexy 


Indications 

Recent evidence of germ cell transformation occurring in early 
childhood adds further weight to the arguments for performing 
orchidopexy at a young age to maximize potential fertility.+4 This 
applies particularly in cases of bilateral cryptorchidism. Testes 
which have been retained in the groin or abdomen into adult life 
undoubtedly carry an increased risk of malignancy. In one study, 
premalignant changes (intratubular germ cell neoplasia or ‘carcin- 
oma in situ’) were documented in 25% of testes which had been 
retained within the abdomen into adulthood.!! However, there is 
now a growing body of evidence that orchidopexy performed in 
early to mid-childhood can reduce the long-term risk of testicu- 
lar cancer to a level closer to that in the normal population. 113 
Orchidopexy probably protects the testis from trauma (although 
this is a largely intuitive rather than evidence-based indication) and 
also confers protection against the risk of torsion—particularly in 
intracanalicular UDTs. Finally, the importance of cosmetic/psy- 
chological considerations should not be underestimated. Indeed it 
can be argued that this is the major benefit of orchidopexy in boys 
with unilateral cryptorchidism. 


Timing: optimal age for orchidopexy? 

Although some textbooks published as recently as the 1980s advo- 
cated orchidopexy at 4-6 years of age the recommended age has 
been steadily revised downwards to the extent that orchidopexy is 
currently being performed at 6 months in some centres.’ But while 
the policy of orchidopexy in the first 12 months of life is strongly 
supported by biopsy evidence there is little long-term clinical evi- 
dence to confirm that this policy will, in fact, lead to an improved 
outcome for fertility. 

Moreover, it has been questioned whether the perceived long- 
term benefit for fertility might be offset by a higher failure rate fol- 
lowing orchidopexy in young infants. Although a study published 
from a UK children’s hospital found no evidence of a higher atrophy 
rate following orchidopexy in the first two years of life!4 another 
study undertaken in a major children’s hospital found that orchi- 
dopexy in younger children was associated with a higher overall 
complication rate.!° In UK specialist centres, orchidopexy appears 
to be most widely performed as a day case shortly after the first 
birthday. 
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Technical aspects of orchidopexy 
For a detailed account of surgical technique the reader is referred to 
a textbook of operative paediatric surgery.!©!7 

Some of the key technical points can be summarized as follows: 


+ Examination under anaesthesia to establish the position of the 
testis prior to surgery; 


+è Skin crease incision; 


Opening the inguinal canal to facilitate mobilization of the cord 
structures to the level of the internal inguinal ring; 


¢ Identifying, mobilizing, and transfixing any processus vaginalis 
from the cord structures. This can require a difficult dissection, 
particularly in cases of intracanalicular testis when the flimsy 
peritoneal sac is often closely adherent to the vas and vessels; 


¢ Gentle tissue handling to avoid damage to the delicate vas and 
vessels, 


Although it is standard practice to secure the testis within the 
scrotum by use of a ‘dartos’ pouch technique many experienced 
surgeons also take the added precaution of suture fixation to the 
scrotal pouch to minimize the risk of re-ascent. A scrotal approach 
is increasingly favoured for ascending or ‘high retractile testes.!® 


Orchidopexy: results and complications 

Complications include; ischaemic atrophy of the testis, reascent 
(requiring re-do orchidopexy), iatrogenic injury to the vas deferens 
and dehiscence of the scrotal incision. 

From his analysis of 64 publications (8,425 orchidopexies) 
Docimo identified a 92% overall success rate for orchidopexy for 
inguinal undescended testes, with corresponding figures for intra- 
canalicular testes and abdominal testes of 87% and 74%, respect- 
ively.!° A literature review undertaken by Hutton and Sau”? found 
that published complication rates varied between 1.9% and 6%.7° 

Although a higher failure rate is reported following orchidopexy 
for intra-abdominal testes Docimos analysis nevertheless identi- 
fied an overall 67% success rate for the single stage Fowler-Stephens 
procedure and 77% for the two-stage procedure. More recently, 
success rates (defined by viability and scrotal position) in excess of 
90% have been reported for the Fowler-Stephens orchidopexy.?! 


Fertility 


Fertility can be assessed by measuring laboratory parameters of 
semen quality or by paternity. Both methods have potential weak- 
nesses and do not always correlate closely. 

The published evidence consistently demonstrates that bilateral 
cryptorchidism is associated with a significantly poorer outcome 
than unilateral cryptorchidism.?34 Indeed, for men with a history 
of unilateral cryptorchidism, paternity rates appear to be normal or 
only marginally reduced.”4 Studies of semen quality in men with a 
history of unilateral cryptorchidism nevertheless report widely dif- 
fering results with the percentage of those with normal semen ana- 
lysis ranging from 17% to 95%. Hutson concluded from his detailed 
examination of the evidence that more than 50% of men with a his- 
tory of unilateral cryptorchidism have normal parameters of semen 
quality. By contrast, men with a history of bilateral cryptorchidism 
experience a marked impairment of semen quality with the percent- 
age of normal values ranging from 0% to 40% in 10 published series. 
Impairment of semen quality is mirrored in reduced prospects of 
achieving paternity—with reported paternity rates for men with a 
history of bilateral cryptorchidism ranging from 33% to 65%.? 


Malignancy 


Whereas studies in the 1940s and 1950s indicated that the risk of 
malignancy in undescended testes was increased by fifty fold, more 
recent studies have suggested that the actual figure is very consider- 
ably lower121325— corresponding to only a five to ten fold increase 
in relative risk. The absolute lifetime risk of a man with a history of 
cryptorchidism developing testicular cancer is approximately 1:100 
as opposed to a 1:500 in the normal population. 

Does orchidopexy reduce the risk of developing malignancy? 
Although the evidence remains somewhat contradictory there is a 
growing body of evidence to indicate that this is indeed the case. 
In summary, the risk of malignancy was probably overstated in the 
past and the individual lifetime risk is probably of the order of 1%. 

Follow-up consists of postoperative review at 6-12 months to 
assess the position and viability of the testis. Ideally, patients should 
be reviewed again in their mid-teens to confirm that pubertal tes- 
ticular growth has occurred and to explain the rationale for testicu- 
lar self-examination. Unfortunately this ideal is difficult to achieve 
in many healthcare systems. 


Impalpable testis: Investigation 


Ultrasound is an unreliable modality for determining whether an 
impalpable testis is genuinely absent (anorchia) or is present but 
located within the abdomen. However, ultrasound may occasionally 
be helpful in identifying an impalpable inguinal testis—for example, 
in boys with Prader-Willi syndrome. Computed tomography (CT) 
and MRI are reasonably sensitive for visualizing intra-abdominal 
testes in older boys but laparoscopy is unquestionably the inves- 
tigation of choice in all age groups”® (Fig. 8.11.3). Although there 
is some variation in published laparoscopic findings an abdominal 
testis is identified in around 40% of cases. In approximately 30% 
the testis is absent—as confirmed by the finding of blind ending vas 
and vessels and in approximately 20% the vas and vessels are seen 
to the enter inguinal canal, terminating in a ‘nubbir’ of atrophic tis- 
sue. In approximately 10% of cases the testis is present, but is either 
intracanalicular (moving between the inguinal canal and abdom- 
inal cavity) or is small and concealed within the inguinal canal, for 
example in boys with Prader-Willi syndrome. 


Management of intra-abdominal testes 


The implications of different laparoscopic findings and the relevant 
treatment options should be discussed with the parents prior to sur- 
gery. A small or morphologically abnormal testis is probably best 
excised at the time of laparoscopy. By contrast, it may be appropri- 
ate to consider orchidopexy if the testis appears normal. Currently, 
the favoured approach is the two stages Fowler-Stephens’s tech- 
nique.*°-*? The first stage consists of clipping the testicular vessels at 
the time of diagnostic laparoscopy. Over the ensuing 6-12 months 
the testis acquires an enhanced collateral blood supply via the ves- 
sels accompanying the vas. During the second stage (which can be 
performed as an open or laparoscopically assisted procedure) the 
testis is carefully mobilized with the vas and an adjacent strip of 
vascularized peritoneum and then relocated to the scrotum. 

The laparoscopic two-stage Fowler-Stephens operation has 
largely superseded microvascular transfer—in which the testicu- 
lar vessels are divided before the testis is repositioned the scrotum 
and revascularization achieved by microvascular anastomosis of 
testicular vessels to branches of the inferior epigastric vessels in 
the groin.*° 
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Fig. 8.11.3 Laparoscopic appearances of an intra-abdominal testis. 


Newborns or infants with bilateral impalpable testes require spe- 
cialist assessment to investigate possible chromosomal abnormali- 
ties or disorders of sex differentiation. 


Retractile testis 


Excessive activity of the cremasteric muscle fibres encircling the 
spermatic cord has the effect of elevating the testis from its nor- 
mal scrotal position to a higher position in the scrotum or above.+! 
Retractile testes are common, the peak incidence being between 
three and seven years of age. The diagnosis of ‘retractile testis’ 
should be viewed with caution in infants age under 12 months 
since this is more likely to represent mobility in an incompletely 
descended testis rather than cremasteric overactivity in a fully 
descended testis. 

On examination, a genuine ‘retractile’ testis can be brought easily 
to the floor of the scrotum, where it remains without tension on the 
spermatic cord. Testes which fulfil these criteria can be managed 
conservatively since in the majority of cases the cremasteric over- 
activity gradually resolves, allowing the testis to revert permanently 
to a scrotal position. Nevertheless it is prudent to review boys with 
retractile testes on an annual or biannual basis since this outcome is 
not always predictable and a proportion of retractile testes progress 
to secondary ascent. 

Although hormonal treatment with human chorionic gonado- 
trophin or luteinizing releasing hormone has a limited role in 
the treatment of ‘high retractile or ascending testes the majority 
of paediatric urologists favour the greater certainty afforded by 
orchidopexy.** 


Ascending testis 


The phenomenon of secondary testicular ascent has been convin- 
cingly documented in a sizeable number of published reports.*? 
Hack and associates*4 found a bimodal distribution in the age at 


presentation of 221 boys with 258 undescended testes. Of those 
presenting in later childhood (at a mean age of 8.4 years) 73% of 
‘undescended’ testes had nevertheless been previously recorded 
as lying in a normal scrotal position on at least one occasion in 
earlier childhood. Indeed, 48% of these testes had been recorded 
in a scrotal position on three previous examinations. Further evi- 
dence of the phenomenon of secondary ascent can be inferred from 
population—based data in which cumulative orchidopexy rates 
exceed the birth incidence of cryptorchidism.*> 

Although the mechanism is poorly understood, it has been 
reported that 25-40% of ascending testes have passed through a 
retractile phase.*° The natural history of untreated ascending testes 
is poorly documented since the majority of urologists favour sur- 
gical intervention. However, Hack and associates followed 44 boys 
with 50 ascended testes through puberty and reported that 84% 
of these testes reverted to a scrotal position, while 16% required 
orchidopexy.?” 

The limited evidence of biopsy studies of ascending testes is dif- 
ficult to assess but Hutson concluded that, ‘even later in childhood, 
5-10 years of non-scrotal position does cause secondary degener- 
ation of the testes? 

Orchidopexy for ascending testes is generally straightforward 
since extensive mobilization is rarely required. A scrotal approach 
can be used if the testis can be brought to the upper scrotum under 
anaesthesia. 


Acute scrotal conditions 


Testicular torsion accounts for approximately 90% of cases of acute 
scrotal pathology in adolescents.**° By contrast the differential 
diagnosis is more varied in prepubertal boys, in whom torsion of 
a testicular appendage (hydatid of morgagni) accounts for 40-50% 
of cases. It is important to note, nevertheless, that even in pre- 
pubertal boys testicular torsion accounts for over 30% of cases of 
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acute scrotal pathology. Other conditions include: idiopathic scro- 
tal oedema, epididymo-orchitis, and Henoch-Schénlien purpuric 
vasculitis. 


Testicular torsion 


With the exception of ‘neonatal torsion’ the testis and cord struc- 
tures almost invariably twist within the coverings of the tunica 
vaginalis (intravaginal torsion). This is a consequence of excessive 
mobility and an abnormally high attachment of the tunica vagi- 
nalis. This anatomical pattern (‘bell clapper testis’) probably rep- 
resents one end of the normal anatomical spectrum, rather than a 
discrete pathological entity.*° In cases of extravaginal torsion, the 
testis, and its coverings twist in their entirety. This pattern is virtu- 
ally confined to the early newborn period. 

The incidence of testicular torsion is approximately 1:4,000. 
Possible precipitating factors include trauma, cold weather, recent 
exercise, and sexual activity.4! 


Pathophysiology 


Experimental studies in rat, porcine, and canine models have 
shown that 720-degree torsion consistently results in complete ces- 
sation of blood flow. Histological evidence of irreversible ischae- 
mic damage is detectable after as little as two hours, with complete 
loss of seminiferous tissue after six hours.4#-44 There is more vari- 
ability in the severity and timescale of ischaemic injury caused by 
less severe degrees of experimentally induced torsion. Evaluating 
the clinical evidence is more problematic—not least because of the 
poor scientific standard of most published studies. The progression 
from ischaemia to atrophy extends over many months. For this 
reason, published ‘salvage’ or ‘viability’ rates based on an assess- 
ment of potential viability at the time of exploration are highly 
misleading—unless the ‘salvaged’ testes have been reassessed after 
a minimum of six months. Few published studies meet these basic 
scientific criteria and the majority consist of retrospective case 
note reviews with little or no outcome data. One follow-up study 
found that 68% of ‘saved’ testes had atrophied when reassessed at 
four years.4° In a study looking specifically at long-term atrophy 
rates in ‘saved’ or ‘salvaged’ testes in prepubertal boys it was found 
that in boys with symptoms of 7-12 hours duration, 83% of tes- 
tes which had been judged to be viable at the time of exploration 
were nevertheless found to have atrophied on long-term follow-up. 
Even in boys operated upon within six hours of the onset of symp- 
toms 33% of seemingly viable testes underwent atrophy.4° When 
viability is retained, testicular volume may nevertheless be greatly 
reduced since atrophy is not an ‘all or none phenomenon.*748 The 
eight-hour viability ‘watershed’ identified in one widely cited study 
is misleading since closer scrutiny of the study data reveals that all 
the normal-sized viable testes had, in fact, been operated on within 
four to six hours while those operated upon between six to eight 
hours were abnormal on follow-up.*? Reviewing a series of 104 
boys with a median age of 13 years Saxena and associates reported 
an orchidectomy rate of 9% in boys presenting in less than six hours 
compared with 56% in those presenting after 6 hours. However, as 
in the majority of published studies, the authors provide no follow- 
up data and no information on the long-term atrophy rates in the 
44% of testes left in situ in boys with a history exceeding six hours.” 
The assertion by the authors of one review article”! that that it is 
‘commonly accepted’ that viability declines sharply when symp- 
toms exceed six hours is probably overoptimistic. Many clinicians 


appear to hold a misguided view of the timescale of potential viabil- 
ity based on uncritical acceptance of the flawed methodology and 
conclusions of the majority of retrospective clinical studies. This is 
particularly prevalent in the context of litigation. 

A critical analysis of the more reliable published evidence indi- 
cates that the best prospect of retaining a viable, normal-sized tes- 
tis lies in restoring its blood supply within four to six hours of the 
onset of torsion. Partial or complete atrophy is increasingly likely 
after six to eight hours. The experimental evidence suggests that 
beyond 6 hours the outcome is largely determined by the severity of 
torsion. There is probably little realistic prospect of conserving any 
viable testicular tissue after six to eight hours in cases of 720-degree 
torsion but preservation of a viable full sized testis may occasionally 
occur after 8-10 hours (or longer) in cases where vascular occlu- 
sion is incomplete because the torsion is mild in severity, intermit- 
tent, or resolves spontaneously. 

The presence of circulating auto antibodies in some men with a 
history of torsion has been attributed to ischaemic damage to the 
blood/testis barrier. However the reported incidence of detectable 
anti sperm antibodies varies considerably in different published 
series and the clinical significance (if any) is uncertain. 


Clinical presentation, diagnosis, and management 


Torsion classically presents with a sudden onset of severe pain 
accompanied by acute tenderness of the testis. Testicular pain is 
often referred to the groin and lower abdominal quadrant and, 
indeed, this may be the predominant symptom—leading to a 
misdiagnosis of appendicitis or enteritis. Confusingly, pain may 
sometimes be remarkably absent in the early stages of torsion— 
particularly in the prepubertal age group. The clinical assessment of 
any adolescent or child presenting with a sudden onset of inguinal 
or lower abdominal pain should always include examination of the 
testes. Palpation usually (but not invariably) reveals acute tender- 
ness of the testis, which may be lying in an elevated position within 
the scrotum due to cremasteric contraction. Oedema and erythema 
of the overlying scrotal skin ensue as the timescale progresses. 

Since testicular torsion accounts for around 90% of all cases of 
acute scrotal pathology in adolescents, urgent surgical exploration 
is mandatory in this age group unless there is compelling evidence 
of an alternative diagnosis. 

Investigations such as ultrasound are rarely contributory and risk 
reducing the chances of conserving a viable testis by delaying sur- 
gical exploration. By contrast, the use of Doppler ultrasound may 
be justified in prepubertal boys since the differential diagnosis is 
wider in this age group. Nevertheless, surgical exploration should 
be performed as a matter of urgency if there is any doubt regarding 
the diagnosis. 


Surgical exploration 


Once the testis has been delivered through a scrotal incision the 
cord is untwisted and potential viability assessed. Favourable signs 
include a prompt change in colour signifying reperfusion and 
arterial bleeding when the tunica albuginea is incised. If the testis is 
judged to be potentially viable, it is fixed to the scrotal wall with a 
non-absorbable sutures at three sites. 

Unfortunately, surgical optimism is often misplaced and, as 
already indicated, an appreciable proportion of testes which have 
been judged to be potentially viable at the time of exploration 
nevertheless proceed to undergo atrophy.4>46-49 
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Unless there is clear evidence of reperfusion to indicate poten- 
tial viability it is therefore advisable to remove a ‘doubtful’ testis 
rather than leave it in situ. Because of the bilateral nature of the 
‘bell clapper’ anomaly and the documented occurrence of asyn- 
chronous contralateral torsion, prophylactic suture fixation of the 
contralateral testis is a mandatory, regardless of the outcome on the 
affected side. Implantation of a testicular prosthesis should not be 
performed at the time of exploration because it is important that 
the young patient is adequately counselled and his scrotum has 
developed sufficiently to accommodate an adult-sized prosthesis 
(usually from the age of 15-16 years onwards). 


Outcome 


Studies in men with a history of testicular torsion in adolescence 
or early adulthood have consistently reported evidence of impaired 
semen quality, with the proportion of those affected exceeding 50% 
in some studies.” By contrast, the impact (if any) of reduced semen 
quality on paternity is not known since paternity rates in men 
with a history of testicular torsion have not been formally studied. 
Extrapolation from fertility data in men with unilateral testicular 
pathology or anorchia suggests despite some reduction in semen 
quality, paternity rates in men with a history of testicular torsion 
are likely to be normal or only marginally reduced.*4 Normal 
androgen levels are maintained regardless of whether the affected 
testis was conserved or removed” and the majority of studies have 
also reported normal levels of gonadotrophic hormones. 


Neonatal torsion 


So-called ‘neonatal’ torsion typically presents as a firm scro- 
tal swelling with overlying skin discoloration which is identified 
shortly after delivery or in the first 48 hours of life. In the over- 
whelming majority of cases the torsion has occurred in utero rather 
than the newborn period.*°°” Doppler ultrasound confirms the 
long-stranding nature of the changes in the testicular tissue and 
the absence of perfusion. A conservative approach to ‘neonatal’ 
torsion has been widely adopted on the rationale that the testis is 
invariably non-viable and (unlike torsion in other age groups) the 
extra-vaginal pattern of ‘neonatal’ torsion is not associated with an 
increased risk in the contralateral testis. However, the wisdom of 
this approach has been called into doubt by the authors of a grow- 
ing number of case reports of synchronous and asynchronous 
contralateral torsion.” For this reason some surgeons have advo- 
cated a return to the previous practice of orchidectomy and fixation 
of the contralateral testis. 


Other causes of acute scrotal pathology 


Pain arising from torsion of a testicular appendage (hydatid of 
morgagni) is usually more insidious in onset and more localized 
than torsion of the testis. The peak incidence is around 10 years of 
age. Although infarction of the testicular appendage may be vis- 
ible under the scrotal skin as the pathogmonic ‘blue dot sign’ this 
is often obscured by oedema and erythema of the overlying scrotal 
tissues. While an experienced clinician should be able to differenti- 
ate between torsion of a testicular appendage and testicular torsion 
on clinical grounds (with ultrasound confirmation if necessary) 
urgent surgical exploration is indicated if the diagnosis is in any 
doubt. Excision of the infarcted appendage may also be indicated if 
the pain is slow to resolve on conservative management.’ 


Epididymo-orchitis 

This is a rare condition in children and young people and should 
not be diagnosed unless there is strong supportive evidence of urin- 
ary infection and/or a predisposing anatomical abnormality of the 
urogenital tract. Clinical features include marked tenderness of the 
testis, florid scrotal erythema, fever, dysuria, and systemic symp- 
toms. Ultrasonography demonstrates perfusion within the testis 
and hyperaemia of the surrounding tissues. Treatment consists of 
antibiotics and analgesia. Appropriate imaging of the urinary tract 
is required in all cases to investigate the possibility of an underlying 
abnormality such as vesico ureteric reflux or a Millerian remnant 
(pseudo vagina). Cases of testicular torsion associated with scro- 
tal erythema and oedema are sometimes mistaken for epididymis 
orchitis but the presence of these features is almost always associ- 
ated with a non-viable testis. 


Ideopathic scrotal oedema 


Ideopathic scrotal oedema is a distinctive disorder of early to mid- 
childhood which is characterized by painless scrotal swelling and 
erythema. The aetiology is unknown and the condition is some- 
times recurrent. For a clinician familiar with this condition, the 
diagnosis is usually straightforward, but can be confirmed by the 
use of scrotal ultrasonography. Management is conservative and 
the condition usually resolves spontaneously within 48 to 72 hours. 


Inguinal hernia 


Inguinal hernias and hydroceles in children originate from failure 
of the normal closure of the processus vaginalis. When the mouth 
of the processus vaginalis remains widely patent it creates the 
potential for an indirect inguinal hernia whereas the persistence 
of a narrower processus gives rise to a communicating hydrocele 
(Fig. 8.11.4).10 

The incidence of inguinal hernias in term infants is approxi- 
mately 3-5%, rising to 30% in preterm infants.© Males outnumber 
females by approximately 10:1. The right side is more commonly 
affected than the left and 5-10% of hernias are bilateral. 

In addition to prematurity, other predisposing factors include 
cryptorchidism, connective tissue disorders, chronic respiratory 
disease, and increased abdominal pressure. 

Although inguinal hernias in infants and children typically present 
as a reducible inguinal swelling this may only appear intermittently 
and may be difficult to demonstrate during the course of a visit to the 
outpatient clinic. It may therefore be necessary to repeat the exam- 
ination on more than one occasion or, rarely, to proceed to surgical 
exploration on the basis of a convincing description by the parents. 

Hernias in infants under six months sometimes present acutely 
with a tense, irreducible swelling. In these circumstances every 
attempt should be made to reduce the hernia using analgesia or 
sedation, while deferring surgery for 24 or 48 hours to allow suf- 
ficient time for oedema and friability of the tissues to resolve. 
Regardless of age and pattern of presentation, all inguinal hernias 
in children should be managed surgically since they do not resolve 
spontaneously and carry a risk of incarceration and strangulation— 
predominantly in infants and younger children. 


Surgical management 


Uncomplicated inguinal hernias in older children can be treated 
by adult urologists with appropriate paediatric training. By 
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Fig. 8.11.4 Indirect inguinal hernia. 

Republished with permission of Taylor and Francis Group, LLC from Essentials of Paediatric 
Urology, David F. M. Thomas, Patrick G. Duffy, and Anthony M. K. Rickwood, (Eds.), CRC Press, 
Taylor and Francis Group, Florida, USA, Copyright © 2002; permission conveyed through 
Copyright Clearance Center, Inc. 


contrast, the surgical management of hernias in infancy requires 
specialist paediatric surgical expertise. Particular care is needed 
during the dissection of a flimsy sac to ensure that it is not torn and 
that its entire circumference is included in the transfixion suture. 
Since hernias in children are almost invariably indirect, simple 
herniotomy is usually sufficient—although it may be also advis- 
able to insert some sutures to narrow the internal inguinal ring 


if it has been stretched by a particularly large hernia. Regardless 
of age it is important to check that the testis has been returned to 
the scrotum before closing the incision. Sizeable series of laparo- 
scopic herniotomies have been published, with low complication 
rates.°! Although the laparoscopic approach offers an advantage in 
simplifying the treatment of bilateral hernias it offers little, if any, 
cosmetic advantage over an open procedure performed through a 
small inguinal skin crease incision. 

Surgical complications are unusual in older children but recur- 
rence rates of 5% to 10% have been reported in small infants.6062 
Other complications include ischaemic testicular atrophy and iat- 
rogenic injury to the vas deferens.° It should be noted, however, 
that testicular atrophy following surgery for incarcerated hernia 
may have resulted from compression of the testicular vessels by the 
tense, obstructed hernia rather than a iatrogenic vascular injury. 

Although the majority of girls with an inguinal hernia have a nor- 
mal female karyoype, complete androgen insensitivity syndrome 
(46XY DSD) sometimes comes to light during a hernia operation 
in a child with a female external genital phenotype. Opinion is 
divided on the advisability of routine karyotyping of a girl with an 
inguinal hernia but in the author's opinion this option should be 
discussed with the parents at the initial consultation. 


Hydrocele 


Communicating hydroceles are present in up to 5% of newborn 
infants but mostly resolve when the processus vaginalis closes 
spontaneously during the first 12 months of life. An encysted 
hydrocele forms when the processus vaginalis closes to leave an 
isolated collection of fluid in the upper scrotum or groin. In most 
cases a hydrocele can be diagnosed on purely clinical grounds if 
the collection of fluid is confined to the scrotum. However, a large 
hydrocele extending between the inguinal canal and scrotum can 
be difficult to differentiate from an inguinoscrotal hernia on exam- 
ination alone (Fig. 8.11.5).%4 


(©) 


Fig. 8.11.5 (A) Persistent patent processus vaginalis resulting in a communicating hydrocele; (B) non-communicating hydrocele; and (C) encysted hydrocele. 
Republished with permission of Taylor and Francis Group, LLC from Essentials of Paediatric Urology, David F. M. Thomas, Patrick G. Duffy, and Anthony M. K. Rickwood, (Eds.), CRC Press, Taylor and 
Francis Group, Florida, USA, Copyright © 2002; permission conveyed through Copyright Clearance Center, Inc. 
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Transillumination may not always reliably distinguish between 
a hydrocele and scrotal hernia in infancy—although it is a reliable 
physical sign in older children. Any suggestion of an abnormality 
of the testis on clinical examination or transillumination merits 
urgent investigation by ultrasound in view of the small but serious 
risk of underlying malignancy. 

Hydroceles which are present from birth or appear in the first 
few weeks of life can usually be managed conservatively in the high 
expectation of spontaneous resolution following closure of the 
processus vaginalis. Indications for surgical intervention include 
persistence a hydrocele beyond one year of age or the appearance 
of a hydrocele in later childhood. The operation is similar to that 
for inguinal hernia. Once the communicating processus has been 
transfixed and divided, the distal portion is incised for a short 
length and a probe or a haemostat passed down into the hydrocele 
sac. Gentle pressure is applied to the scrotum to expel fluid retro- 
gradely from the hydrocele sac prior to completion of the proced- 
ure. Occasionally, the processus vaginalis is found to be non- patent 
and the hydrocele is found to be of the non-communicating variety 
(Fig. 8.11.6). In this situation the sac is opened via a scrotal inci- 
sion and is then everted or plicated using one of the techniques 
employed for adult non-communicating hydroceles. 


Varicocele 


Varicoceles in the paediatric age group share the same aetiology as 
young adults and the majority (90%) are left-sided. Asymptomatic 
varicoceles are occasionally identified incidentally during the 
course of examination performed for some other reason, but most 
referrals arise because the individual has become aware of a dis- 
crepancy between the two sides of his scrotum. The diagnosis is 
usually readily apparent on clinical examination but scrotal and 
abdominal ultrasonography should be performed to confirm the 
diagnosis, to assess testicular volume, and to exclude the remote 
possibility of a renal tumour. 


Fig. 8.11.6 Left-sided hydrocele. Although the majority of hydroceles in children 
are associated with the presence of a patent processus vaginalis some large, tense 
hydroceles are of the non-communicating variety—as in this child's case. 


Management 


Vricoceles in children and adolescents are rarely symptomatic 
and the possible indications for surgical intervention therefore 
centre on the perceived threat to potential fertility in adulthood. 
In the United Kingdom, surgery in those under 16 years is gen- 
erally limited to large varicoceles which are accompanied by 
significant discrepancy in testicular volume or impaired growth 
velocity of the testis on serial ultrasound measurements. Semen 
analysis is not an appropriate or reliable investigation in this 
age group. In the minority for whom treatment is thought to 
be indicated, the surgical options are similar to those in adults, 
notably embolization, or ligation using laparoscopic, or open 
techniques. Reported success rates are of the order of 80-85% 
regardless of the technique. Complications include persistent 
or recurrent varicocele, lymphatic ‘hydrocele’ and testicular 
atrophy. 


Conclusion 


The management of undescended testes, hydroceles, and hernias 
comprises a sizeable part of the routine urological workload in chil- 
dren and young people. Testicular torsion is one of the few genuine 
surgical emergencies in this age group. Adult urologists who have 
received appropriate paediatric training can make an important 
contribution to the care of children with the common surgical dis- 
orders of the inguinoscrotal region. 


Further reading 


Hutson JM. Undescended testes. (pp. 652-3) In: Stringer MD, Oldham KT, 
Mouriquand PDE (eds). Pediatric Surgery and Urology: Long-term 
Outcomes, 2nd edition. Cambridge, UK: Cambridge University Press, 
2006. 

Hutton KAR, Sau I, Orchidopexy and orchidectomy. (pp. 170-81) In: 
Godbole PP, Wilcox DT, Koyle MA, (eds). Pediatric Urology: Surgical 
Complications and Management. Oxford, UK: Wiley-Blackwell, 2008. 

Keys C, Heloury Y. Retractile testes: a review of the current literature. 

J Pediatr Urol 2012; 8(1):2-6. 

Madden NP. Testis hydrocoele and varicocoele. (pp. 248-63) In: Thomas 
DEM, Duffy PG, Rickwood AMK (eds). Essentials of Paediatric Urology, 
2nd edition. London, UK: Informa Healthcare, 2008. 

Taghizadeh AK, Thomas DF. Ascent of the testis revisited: fact not fiction. 
BJU Int 2008; 102(6):676-8. 

Thomas DFM. The acute scrotum. (pp. 266-74) In: Thomas DFM, Duffy 
PG, Rickwood AMK (eds). Essentials of Paediatric Urology, 2nd edition. 
London, UK: Informa Healthcare, 2008. 


References 


1. Kubota Y, Temelcos C, Bathgate RAD, et al. The role of insulin 
3, testosterone, Mullerian inhibiting substance and relaxin in rat 
gubernacular growth. Mol Hum Reprod 2002; 8(10):900-5. 

2. Thomas DEM. Embryology. (pp. 438-53) In: Munday AR, Fitzpatrick J, 
Neal DE (eds). Scientific Basis of Urology, 3rd edition. London, UK: 
Informa Heathcare, 2003. 

3. Hutson JM. Undescended testis. (pp. 652-63) In: Stringer MDO, 
Mouriquand KT (eds). Pediatric Surgery and Urology: Long-term 
Outcomes. Cambridge, UK: Cambridge University Press, 2006. 

4. Huff DS, Fenig DM, Canning DA, Carr MG, Zderic SA, Snyder HM 
3rd. Abnormal germ cell development in cryptorchidism. Horm Res 
2001; 55(1):11-7. 

5. Chacko JK, Barthold JS. Genetic and environmental contributors to 
cryptorchidism. Pediatr Endocrinol Rev 2009; 6(4):476-80. 


10. 


i, 


12. 


13; 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21, 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


CHAPTER 8.11 UNDESCENDED TESTIS AND INGUINOSCROTAL CONDITIONS IN CHILDREN 


Vogels A, Moerman P, Frijns JP, Bogaert GA. Testicular histology 

in boys with Prader-Willi syndrome: fertile or infertile? J Urol 2008; 
180(4 Suppl):1800-4. 

Smith JA, Hutson JM, Beasley SW, Reddihough DS. The relationship 
between cerebral palsy and cryptorchidism. J Pediatr Surg 1989; 
24(12):1303-5. 

Rundle JS, Primrose DA, Carachi R. Cryptorchism in cerebral palsy. 
Br J Urol 1982; 54(2):170-1. 

[No authors listed]. Cryptorchidism: a prospective study of 

7500 consecutive male births, 1984-8. John Radcliffe Hospital 
Cryptorchidism Study Group. Arch Dis Child 1992; 67(7):892-9. 
Madden NP. Testis hydrocoele and varicocoele. (pp. 248-63) 

In: Thomas DFM, Duffy PG, Rickwood AMK (eds). Essentials 

of Paediatric Urology, 2nd edition. London, UK: Informa 

Healthcare, 2008. 

Ford TF, Parkinson MC, Pryor JP. The undescended testis in adult life. 
Br J Urol 1985; 57(2):181-4. 

Pettersson A, Richiardi L, Nordenskjold A, Kaijser M, Akre O. Age at 
surgery for undescended testis and risk of testicular cancer. N Engl J 
Med 2007; 356(18):1835-41. 

Walsh TJ, Dall'Era MA, Croughan MS, Carroll PR, Turek PJ. Prepubertal 
orchiopexy for cryptorchidism may be associated with lower risk of 
testicular cancer. J Urol 2007; 178(4 Pt 1):1440-6; discussion 1446. 
Wilson-Storey D, McGenity K, Dickson JA. Orchidopexy: the younger 
the better? J R Coll Surg Edinb 1990; 35(6):362-4. 

Thorup J, Jensen CL, Langballe O, Petersen BL, Cortes D. The challenge 
of early surgery for cryptorchidism. Scand J Urol Nephrol 2011; 
45(3):184-9. 

Hutson JM. Orchidopexy. (pp. 861-9) In: Spitz L, Coran A C (eds). 
Operative Pediatric Surgery, 6th edition. London, UK: Hodder 
Arnold, 2006. 

Hutson JM. Inguinal orchiopexy (open technique). (pp. 597-606) 

In: Hinman F Baskin LS (eds). Hinman’s Atlas of Pediatric Urologic 
Surgery. Philadelphia PA: Saunders Elsevier, 2009. 

Gordon M, Cervellione RM, Morabito A, Bianchi A. 20 years of 
transcrotal orchidopexy for undescended testis: results and outcomes. 
J Pediatr Urol 2010; 6(5):506-12. 

Docimo SG. The results of surgical therapy for cryptorchidism: a 
literature review and analysis. J Urol 1995; 154(3):1148-52. 

Hutton KAR, Sau I. Orchidopexy and orchidectomy. (pp. 170-81) 

In: Godbole PP, Wilcox DT, Koyle MA, (eds). Pediatric 

Urology: Surgical Complications and Management. Oxford, 

UK: Wiley-Blackwell, 2008. 

Dhanani NN, Cornelius D, Gunes A, Ritchey ML. Successful outpatient 
management of the nonpalpable intra-abdominal testis with staged 
Fowler-Stephens orchiopexy. J Urol 2004; 172(6 Pt 1):2399-401. 

Elyas R, Guerra LA, Pike J, et al. Is staging beneficial for Fowler- 
Stephens orchiopexy? A systematic review. J Urol 2010; 183(5):2012-8. 
Miller KD, Coughlin MT, Lee PA. Fertility after unilateral 
cryptorchidism. Paternity, time to conception, pretreatment testicular 
location and size, hormone and sperm parameters. Horm Res 2001; 
55(5):249-53. 

Lee PA, Coughlin MT. Fertility after bilateral cryptorchidism. 
Evaluation by paternity, hormone, and semen data. Horm Res 2001; 
55(1):28-32. 

Wood HM, Elder JS. Cryptorchidism and testicular cancer: separating 
fact from fiction. J Urol 2009; 181(2):452-61. 

Moursy EE, Gamal W, Hussein MM. Laparoscopic orchiopexy for 
non-palpable testes: outcome of two techniques. J Pediatr Urol 2011; 
7(2):178-81. 

Esposito C, Vallone G, Savanelli A, Settimi A. Long-term outcome of 
laparoscopic Fowler-Stephens orchiopexy in boys with intra-abdominal 
testis. J Urol 2009; 181(4):1851-6. 

Hvistendahl GM, Poulsen EU. Laparoscopy for the impalpable 

testes: experience with 80 intra-abdominal testes. J Pediatr Urol 2009; 
5(5):389-92. 


29. Bogaert GA. Laparoscopic orchiopexy techniques. (pp. 597-606) In: 


Hinman F Baskin L (eds). Hinman’s Atlas of Pediatric Urologic Surgery. 


Philadelphia, PA: Saunders Elsevier, 2009. 

30. Bianchi AM. Microvascular orchiopexy. (pp. 592-6) In: Hinman 
F Baskin LS (eds). Hinman’s Atlas of Pediatric Urologic Surgery. 
Philadelphia PA: Saunders Elsevier, 2009. 

31. Keys C, Heloury Y. Retractile testes: a review of the current literature. 
J Pediatr Urol 2012; 8(1):2-6. 

32. Hazebroek, FW, et al., Why luteinizing-hormone-releasing-hormone 
nasal spray will not replace orchiopexy in the treatment of boys with 
undescended testes. J Pediatr Surg 1987; 22(12):1177-82. 

33. Taghizadeh AK, Thomas DF. Ascent of the testis revisited: fact not 
fiction. BJU Int 2008; 102(6):676-8. 

34. Hack WW, Meijer RW, Van Der Voort-Doedens LM, Bos SD, De Kok 
ME. Previous testicular position in boys referred for an undescended 
testis: further explanation of the late orchidopexy enigma? BJU Int 
2003; 92(3):293-6. 

35. Fenton EJM, Woodward AA, Hudson IL, Marschner I. The ascending 
testis. Pediatr Surg Int 1990; 5(1):6-9. 

36. Lamah M, McCaughey ES, Finlay FO, Burge DM. The ascending 
testis: is late orchidopexy due to failure of screening or late ascent? 
Pediatr Surg Int 2001; 17(5-6):421-3. 


37. Hack WW, Meijer RW, van der Voort-Doedens LM, Bos SD, Haasnoot 


K. Natural course of acquired undescended testis in boys. Br J Surg 
2003; 90(6):728-31. 

38. Nour S, MacKinnon AE. Acute scrotal swelling in children. J R Coll 
Surg Edinb 1991; 36(6):392-4. 

39. Ben-Chaim J, Leibovitch I, Ramon J, Winberg D, Goldwasser 
B. Etiology of acute scrotum at surgical exploration in children, 
adolescents and adults. Eur Urol 1992; 21(1):45-7. 

40. Caesar RE, Kaplan GW. Incidence of the bell-clapper deformity in an 
autopsy series. Urology 1994; 44(1):114-6. 

41. Williamson RC. Torsion of the testis and allied conditions. Br J Surg 
1976; 63(6):465-76. 

42. Bergh A, Collin O, Lissbrant E. Effects of acute graded reductions in 
testicular blood flow on testicular morphology in the adult rat. Biol 
Reprod 2001; 64(1):13-20. 

43. Smith GI. Cellular changes from graded testicular ischemia. J Urol 
1955; 73(2):355-62. 

44. Turner TT. Acute experimental testicular torsion. No effect on the 
contralateral testis. J Androl 1985; 6(1):65-72. 

45. Krarup T. The testes after torsion. Br J Urol 1978; 50(1):43-6. 

46. Macnicol MF. Torsion of the testis in childhood. Br J Surg 1974; 
61(11):905-8. 

47. Anderson JB, Williamson RC. The fate of the human testes 
following unilateral torsion of the spermatic cord. Br J Urol 1986; 
58(6):698-704. 

48. Thomas WE, Cooper MJ, Crane GA, Lee G, Williamson RC. 
Testicular exocrine malfunction after torsion. Lancet 1984; 
2(8416):1357-60. 

49. Bartsch G, Frank S, Marberger H, Mikuz G. Testicular torsion: late 
results with special regard to fertility and endocrine function. J Urol 
1980; 124(3):375-8. 

50. Saxena AK, Castellani C, Ruttenstock EM, Höllwarth ME. Testicular 
torsion: a 15-year single-centre clinical and histological analysis. Acta 
Paediatr 2012; 101(7):e282-6. 

51. Drlik M, Kocvara R. Torsion of spermatic cord in children: A review. 
J Pediatr Urol 2013; 9(3):259-66. 

52. Mastrogiacomo I, Zanchetta R, Graziotti P, Betterle C, Scrufari P, 


Lembo A. Immunological and clinical study of patients after spermatic 


cord torsion. Andrologia 1982; 14(1):25-30. 


53. Visser AJ, Heyns CE. Testicular function after torsion of the spermatic 


cord. BJU Int 2003; 92(3):200-3. 
54. Ferreira U, Netto Junior NR, Esteves SC, Rivero MA, Schirren C. 


Comparative study of the fertility potential of men with only one testis. 


Scand J Urol Nephrol 1991; 25(4):255-9. 


1013 


1014 


SECTION 8 PAEDIATRICS 


55. 


56. 


D7 


58. 


59. 


60. 


Arap MA, Vicentini FC, Cocuzza M, et al. Late hormonal levels, semen 
parameters, and presence of antisperm antibodies in patients treated 
for testicular torsion. J Androl 2007; 28(4):528-32. 

Burge DM. Neonatal testicular torsion and infarction: aetiology and 
management. Br J Urol 1987; 59(1):70-3. 

John CM, Kooner G, Mathew DE, Ahmed S, Kenny SE. Neonatal 
testicular torsion—a lost cause? Acta Paediatr 2008; 97(4):502-4. 
Baglaj M, Carachi R. Neonatal bilateral testicular torsion: a plea for 
emergency exploration. J Urol 2007; 177(6):2296-9. 

Thomas DFM. The acute scrotum. (pp. 266-74) In: Thomas DFM, 
Duffy PG, Rickwood AMK (eds). Essentials of Paediatric Urology, 2nd 
edition. London, UK: Informa Healthcare, 2008. 

Parkinson EJ. Inguinal and umbilical hernias. (pp. 286-95) 

In: Stringer MD, Oldham KT, Mouriquand PDE (eds). Pediatric 


6l. 


62. 


63. 


64. 


Surgery and Urology: Long-term Outcomes, 2nd edition. Cambridge, 
UK: Cambridge University Press, 2006. 

Schier F, Montupet P, Esposito C. Laparoscopic inguinal herniorrhaphy 
in children: a three-center experience with 933 repairs. J Pediatr Surg 
2002; 37(3):395-7. 

Grosfeld JL, Minnick K, Shedd F, West KW, Rescorla FJ, Vane DW. 
Inguinal hernia in children: factors affecting recurrence in 62 cases. 

J Pediatr Surg 1991; 26(3):283-7. 

Parkhouse H, Hendry WF. Vasal injuries during childhood and their 
effect on subsequent fertility. Br J Urol 1991; 67(1):91-5. 

Squire R, Gough DC. Abdominoscrotal hydrocele in infancy. Br J Urol 
1988; 61(4):347-9. 


CHAPTER 8.12 


Disorders of sex development 


David FM. Thomas 


Introduction to disorders of sex 
development 


A revised classification of disorders of sex development (DSD) 
using less pejorative descriptive terminology has been widely 
adopted in recent years Table 8.12.1.! In the Western World the 
commonest patterns of DSD are masculinization of the external 
genitalia in female infants due to congenital adrenal hyperplasia 
(46XXDSD) and androgen receptor defects leading to undervirili- 
zation of infants with a 46XY karyotype. 

The gender of individuals with DSD may be difficult to define in 
simple terms because of discordance between their karyoptype and 
gonadal and/or genital phenotype. 


Aetiology and embryology 


Normal development of the genital tracts 


Male and female internal and external genitalia share identical 
precursors until the sixth week of gestation.” Subsequent sex dif- 
ferentiation in the female is mainly a passive process which is not 
dependent upon a single sex-determining gene. By contrast, nor- 
mal sex differentiation in the male is ultimately dependent on the 
presence of a single testis-determining gene (SRY) located on the Y 
chromosome. 


Male differentiation 


The testis is formed by interaction of primordial germ cells and the 
primitive sex cords within the embryonic gonad. Miillerian inhibit- 
ing substance (MIS)—also termed anti-Miillerian hormone (AMH) 
is a glycoprotein hormone secreted by the pre-Sertoli cells of the 
testis from around the seventh week onwards. It is responsible for 
involution of the paramesonephric ducts and also stimulates tes- 
tosterone production by the Leydig cells of the embryonic testis. 
MIS is also thought to play an important role in the first phase of 
testicular descent.’ 

In the male, the mesonephric ducts persist as the vas deferens and 
ejaculatory ducts. Although this process is testosterone-dependant 
the mechanism is incompletely understood. The external genitalia 
of male and female embryos initially share the same undifferenti- 
ated anatomical phenotype. Virilization of male external genitalia is 
dependent on the presence of circulating testosterone, 5a-reductase 
(for conversion to dihydrotestosterone) and functioning receptors 
in the target tissues. Differentiation of the male external genitalia 
occurs principally from the tenth week of gestation onwards, with 
formation of the urethra being completed by closure of the uro- 
genital groove around the fifteenth week. The scrotum is derived 
from the labioscrotal folds. 


Female differentiation 


Unlike the male, differentiation of the internal and external genitalia 
in the female occurs as a passive process which is not dependent 
upon exposure to sex hormones at different stages in the differen- 
tiation pathway. In the absence of MIS the para mesonephric ducts 
persist as the Fallopian tubes, which fuse distally to form the uterus 
and upper two-thirds of the vagina. The lower third of the vagina is 
derived from the urogenital sinus. The mesonephric ducts undergo 
spontaneous involution and are represented only by vestigal rem- 
nants. In the female, the external genital phenotype retains a closer 
affinity to the original undifferentiated external genitalia of the six 
week embryo than the male. 


Clinical aspects of disorders of sex 
development 


Any infant born with ambiguous genitalia requires prompt and 
expert multidisciplinary assessment.* Congenital adrenal hyperpla- 
sia is the commonest DSD in the Western world—accounting for 
approximately 80% of cases. Early diagnosis and commencement 
of steroid replacement therapy are essential to minimize the risk of 
potentially life-threatening hyponatraemia in the salt losing forms 
of this condition. Other DSDs include virilization defects (notably 
due to complete or partial androgen insensitivity) mixed gonadal 
dysgenesis and ovotesticular DSD (true hermaphroditism). 

While these conditions do not pose the same imminent threat to 
the health of the affected infant as congenital adrenal hyperplasia 
(CAH), prompt investigation and assessment is nevertheless essen- 
tial to permit an informed decision on gender assignment. 


Examination and investigation 


A detailed clinical examination of the external genitalia is per- 
formed to evaluate the degree of virilization and to determine 
whether palpable gonads are present. The possible diagnosis of 
46XXDSD due to CAH should always be considered in any infant 
with hypospadias and impalpable gonads.* 

Initial investigations include: 


+ karyotype 
+ plasma biochemistry 
¢ 17 hydroxyprogesterone (which is elevated in CAH). 


A range of further endocrine investigations may then be indicated, 
depending upon the results of the initial tests. Further investigations 
may include: plasma testosterone (both before and after stimula- 
tion with human chorionic gonadotrophin); steroid assays; MIS 
assay; and evaluation of receptor activity in genital skin biopsies. 
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Table 8.12.1 Revised terminology and classification of disorders of sex development (DSD) 


Previous terminology Current terminology 


Causes 


Intersex states Disorders of sex development (DSD) 


Female pseudohermaphroditism 44 XX DSD Abnormal virilization of external genitalia +/— urogenital sinus 
+ Congenital adrenal hyperplasia 
+ Aromatase deficiency 
+ Maternal androgen-secreting tumour 

Male pseudohermaphroditism 46XYDSD Inadequate virilization 


Receptor defect. Complete androgen insensitivity defect (CAIS) previously 
‘testicular feminization syndrome’ or partial androgen insensitivity syndrome 


@ Defective testosterone synthesis 


+ Bilateral anorchia 


True hermaphroditism Ovotesticular DSD 


Differing patterns of gonadal dysgenesis associated with differing abnormal 
(or normal) karyoptypes 


Mixed gonadal dysgenesis Unchanged (i.e. mixed gonadal 


dysgenesis) 


Gonadal dysgenesis. Varying genital phenotypes. Karyotype most commonly 
45X/46XY mosaicism 


Source: data from Christopher P. Houk et al., ‘Summary of Consensus Statement on Intersex Disorders and Their Management, Pediatrics, Volume 118, Issue 2, pp. 753-7, Copyright © 2006 


by the American Academy of Pediatrics. 


Diagnostic imaging 

Ultrasound examination of the pelvic structures is performed to 
visualize pelvic or intra-abdominal gonads and the uterus. The 
presence of a fluid-filled persistent Millerian remnant or ‘pseudo 
vagina may also be seen on ultrasound in some undervirilized 
male infants. 

Magnetic resonance imaging is an excellent modality for the 
detailed assessment of pelvic anatomy but it is not usually employed 
for the initial work-up in newborns. 

Although a contrast sinogram/urethrogram can be used to 
delineate the anatomy of the urethra, vagina and/or persistent 
urogenital sinus, information of greater direct relevance to surgi- 
cal planning is usually provided by cystourethroscopy and vagi- 
noscopy.° Laparoscopy has the advantage of combining diagnostic 
examination of the pelvic structures with biopsy of any internal 
gonads but since gonadal biopsy is only required in a minority of 
cases, laparoscopy is not usually undertaken in infancy. 


Classification and patterns of disorders 
of sex development 


46XX DSD (previously termed female pseudo hermaphroditism) 
is the commonest disorder of sex development and is usually due 
to virilization of the external genitalia in girls with CAH. Other, 
rarer causes of 46XX DSD include; aromatase deficiency and intra- 
uterine virilization by androgens of maternal origin (e.g. androgen- 
secreting tumours). 


Congenital adrenal hyperplasia 


CAH is a genetically determined enzyme defect, which is most 
commonly inherited as an autosomal recessive trait. 

Three distinct enzyme defects have been identified of which 21 
hydroxylase deficiency is the commonest, with an estimated inci- 
dence 1:15,000. 

An enzymatic block in the bio synthetic pathway of the adrenal 
hormones cortisol and aldosterone results in accumulation of 


steroid precursors which are then converted via 4-androstenedione 
to testosterone.* Exposure of the external genitalia to the high lev- 
els of circulating androgens produced by the adrenal glands leads 
to varying degrees of virilization—which, at its most extreme, may 
be characterized by a normal male genital phenotype (with the 
exception of palpable gonads) (Figs 8.12.1 and 8.12.2). By contrast, 
the internal genitalia are anatomically normal. Depending on the 
severity of virilization the vagina either opens on the perineum or, 
more commonly, fuses with the distal urethra to form a common 
urogenital sinus with a single perineal opening. 

Early diagnosis is essential to ensure prompt correction of elec- 
trolyte disturbance associated with the ‘salt losing state’ which is 
present in more than 50% of cases. Once effective adrenal hormone 


Adrenal glands 


-a g 


Testosterone 


Fig. 8.12.1 Features of congenital adrenal hyperplasia. The external genitalia are 
virilized by intrauterine exposure to high levels of circulating androgens produced 
by the adrenal glands. Normal ovaries, uterus, and fallopian tubes. Fusion of vagina 


and urethra to form urogenital sinus with level of confluence depending on 
severity of virilization. 


Fig. 8.12.2 Virilized external genitalia in a female infant with congenital adrenal 
hyperplasia comprising clitoral hypertrophy, urogenital sinus (not visible) and 
‘scrotalization’ of labia majora. 


replacement therapy has been instituted, testosterone levels fall, 
and the degree of virilization may gradually decrease in severity. In 
girls with milder degrees of virilization clitoral reduction surgery is 
not required. However, when more severe virilization is present at 
birth, any spontaneous improvement is unlikely to be sufficient to 
obviate the need to consider cosmetic genital reconstruction (femi- 
nizing genitoplasty). 

The role of feminizing genitoplasty in the management of CAH 
has become the subject of heated controversy. Some advocacy 
groups and ‘intersex rights’ activists argue strongly that all forms 
of ‘genital normalizing surgery’ in childhood should be proscribed 
on the grounds that DSD phenotypes should not be regarded as 
abnormal but, rather ‘part of the larger picture of sex variance’ It is 
unclear to what extent (ifany) these pressure groups (some of which 
may include individuals with other forms of gender dysphoria) 
genuinely represent the views of the majority of DSD patients and 
their parents. Specialists caring for children with 46XXDSD are 
well aware of the long-term studies reporting evidence of sensory 
impairment and (rarely) clitoral atrophy in a proportion of women 
treated by early surgery.®’ Clitoral reduction is already being per- 
formed on a far more selective basis than in the past and it is rea- 
sonable to anticipate that improved long-term surgical outcomes 
will be achieved by current techniques in the hands of specialist 
surgeons. By contrast, withholding treatment from all girls with 
46 XX DSD (as advocated by the more strident pressure groups) 
would effectively consign those with severely virilized genitalia to 
the prospect of spending their childhood and early adolescence as a 
girl with male external genitalia. The consequences of adopting this 
course of action in girls growing up in Western society are largely 
unknown and few parents are likely to volunteer their own daughter 
to participate in an uncontrolled experiment of this nature. In prac- 
tice, most parents are unwilling to adopt a timescale which would 
leave their daughter with virilized genitalia and prominent phallic 
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enlargement throughout her childhood. Specialist opinion there- 
fore continues to favour cosmetic feminizing genitoplasty (includ- 
ing clitoral reduction) on a selective basis when this is judged by 
doctors and parents to be in the best interests of the child. 

Surgery is usually performed between 6 and 18 months of age. 
Great care is needed to preserve and protect the neurovascular bun- 
dles during resection and debulking of erectile tissue in the corpor- 
eal bodies.&? Where there is a low confluence of the urethra and 
vagina and short urogenital sinus, feminizing genitoplasty can rea- 
sonably be combined with a simple flap vaginoplasty. 

In an alternative technique the urogenital sinus, distal urethra, 
and vagina are mobilized en bloc to permit exteriorization of the 
urethra and vagina on the perineum.!° 

When the vagina is small and is inserted high into the urethra/ 
urogenital sinus, more extensive mobilization is required and 
vaginoplasty in these cases is probably best deferred until the mid- 
teens (or prior to the onset of sexual activity). At that age the indi- 
vidual herself can be actively involved in decision-making" and is 
more likely to be motivated to undertake postoperative dilatation 
following vaginoplasty. 


46XY disorders of sex development (previously 
termed male pseudohermaphroditism) 


This varied group of conditions is characterized by inadequate or 
absent virilization of the external genitalia. Causes include defect- 
ive androgen synthesis, enzyme defects, and receptor defects in the 
target genital tissues. 

Impairment of testosterone production may result from enzyme 
defects in the biosynthetic pathway, morphological abnormalities 
within the testis (Leydig cell aplasia) or bilateral anorchia. 

Absent or impaired virilization despite exposure to normal or ele- 
vated levels of circulating androgens is usually caused by androgen 
receptor defects in the tissues of the external genitalia. At its most 
extreme, this is exemplified by complete androgen insensitivity 
syndrome (CAIS)—previously termed testicular feminization syn- 
drome. Affected individuals have a female external genital pheno- 
type combined with male internal genital structures—abdominal 
(or inguinal) testes, vas deferens, and ejaculatory ducts. This com- 
bination of features is explained by failure of the external genitalia 
to virilize despite exposure to testosterone, coupled with normal 
regression of Miillerian structures in response to MIS produced by 
the fetal testis. The explanation for the persistence and differenti- 
ation of mesonephric duct structures is less clear. 

Complete androgen insensitivity syndrome usually remains 
unrecognized in childhood, with the diagnosis being made during 
the investigation of primary amenorrhoea. Occasionally, however, 
CAIS comes to light when a testis is unexpectedly identified during 
the course of a hernia operation in a child being reared as a normal 
female. 

Individuals with CAIS have invariably been raised as females 
prior to the diagnosis being made and retain this gender throughout 
their lives. Although it has been standard practice to advise bilateral 
orchidectomy at some stage (in view of the high long-term risk of 
testicular malignancy)!” this policy is currently being questioned. 

Partial androgen insensitivity is characterized by varying degrees 
of impaired virilization. A number of different aetiologies (notably 
peripheral receptor defects) can give rise to this genital phenotype. 
However, even after extensive endocrine investigation the underly- 
ing cause can only be established in approximately 50% of cases. 


1017 


1018 


SECTION 8 PAEDIATRICS 


Decisions on gender of rearing and surgical management are 
taken on an individual basis, taking into account the genital anat- 
omy, the feasibility (or otherwise) of reconstructing a functioning 
penis of reasonable size and social/cultural factors. 

Penile reconstruction is undertaken in accordance with the prin- 
ciples of the correction of proximal hypospadias with many paedi- 
atric urologists favouring preoperative treatment with testosterone. 
Scrotal transposition is often performed to create more normal 
appearances of the scrotum in childhood and orchidopexy is also 
required in many cases. 


Mixed gonadal dysgenesis and ovotesticular disorders 
of sex development 


These forms of DSD exhibit a range of different genital and gonadal 
phenotypes and are often associated with mosaicism of sex chro- 
mosomes (e.g. 45X/46XY karyotype). Although the gonads in 
affected individuals are often dysgenetic, a gonad containing Y 
chromosomal material may be capable of producing sufficient tes- 
tosterone to maintain some degree of virilization of the external 
genitalia. Decision-making is taken on a case-by-case basis accord- 
ing to the findings of endocrine investigations and, where appropri- 
ate, gonadal biopsy. Female gender assignment is more appropriate 
in most cases but male gender assignment may be considered if the 
phallic size is adequate for reconstruction.!3 

Dysgenetic and/or discordant gonads are excised in view of the high 
risk of malignancy, whereas gonadal tissue which is consistent with 
the assigned gender may be conserved, for example, by orchidopexy. 
Nevertheless, the risk of malignancy in retained gonadal tissue remains 
significantly increased and lifelong surveillance is required. 

Ovo testicular DSD (previously termed ‘true hermaphroditism) 
is very rare in the Western World but is considerably less rare in 
Southern Africa. Genital ambiguity is accompanied by the presence 
of both testicular and ovarian tissue—which may either be present 
in separate gonads or located in the same gonad. Ovotesticular DSD 
is associated with a range of different karyotypes. Management and 
gender of rearing are determined on an individual basis according 
to the genital and gonadal phenotype and social and cultural factors. 


Conclusion 


Disorders of sex development are rare. The best overall long-term 
outcomes are achieved by specialized multidisciplinary teams con- 
sisting of paediatric endocrinologists, paediatric urologists, and 
psychologists and others with particular expertise in the manage- 
ment of DSD.!4 Patient and parent support groups can also play 
a valuable role. Despite optimal management, however, many 
children born with DSD face the prospect of impaired sexual and 
reproductive function coupled with potential psychological mor- 
bidity in later life.” Continuity of follow-up and coordination of 
care through adolescence and into adult life are of vital importance 
to their future wellbeing.1° 


Further reading 


Balen AH, Creighton SM, Davies MC, MacDougall J, Stanhope R. Paediatric 
and Adolescent Gynaecology: A Multidisciplinary Approach. Cambridge, 
UK: Cambridge University Press, 2004. 


Lottman H, Thomas DFM. Disorders of sex development. (pp. 275-93) 
In: Thomas DFM, Duffy PG, Rickwood AMK (eds). Essentials 
of Paediatric Urology, 2nd edition. London, UK: Informa 
Healthcare, 2008. 

Report of Working Party on DSD Evaluation. Fondation Mérieux, Annecy, 
France, March 14-17 2012. (Multiple authors) J Pediatr Urol 2012; 
8(6):571-632. 
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CHAPTER 8.13 


Urological malignancies 


in children 
Roly Squire 


Childhood renal tumours 


Wilms tumour (nephroblastoma) 


Following the publication in 1899 of his classical review of child- 
hood kidney tumours,!~4 Max Wilms remains eponymously linked 
to the commonest paediatric urological malignancy of childhood, 
nephroblastoma. 

The peak incidence of Wilms tumour (WT) is at three years and 
nearly all cases present under five years of age. Wilms tumour most 
commonly presents as an asymptomatic abdominal or flank mass, 
but can also present with; haematuria, abdominal pain, symptom- 
atic hypertension, or symptoms from lung metastases. In addition, 
a small number of Wilms tumours are identified by screening of 
children with a known genetic predisposition. 

Almost 10% of Wilms tumours occur in children with a defined 
genetic risk.*° These include; aniridia (WAGR: Wilms, Aniridia, 
Genitourinary anomalies, mental Retardation),”? Beckwith 
Weidemann syndrome (EMG: Exomphalos, Macroglossia, 
Gigantism),°-!° or Denys Drash (congenital nephropathy, Wilms 
tumour, intersex disorder).!!12 

It is recommended that children who are at >5% risk of devel- 
oping Wilms tumour should undergo ultrasound screening at 
three-monthly intervals until they reach five to seven years of age. 
Screening should be undertaken under the guidance of a clinical 
geneticist.!> The genetic basis of WT is of particular scientific inter- 
est because, like retinoblastoma, the statistical comparison between 
unilateral and bilateral cases led to a step change in our under- 
standing of cancer genetics.!4 

At the time of presentation the main differential diagnosis lies 
between Wilms tumour and the other major abdominal tumour 
of childhood, neuroblastoma. But whereas children with Wilms 
tumour generally appear healthy, those with neuroblastoma are 
often overtly unwell as a result of metastatic spread. Examination of 
a child with an abdominal mass must always include blood pressure 
measurement since both these tumours can cause hypertension. In 
cases of Wilms tumour hypertension is generally caused by renin 
secretion,!>!6 while in neuroblastoma it is due to catecholamine 
secretion. 

The initial investigation of an abdominal mass in a child is 
by ultrasound. If the ultrasound appearances are suggestive of 
a renal tumour the following further investigations are then 
recommended: 


+ Urinary catecholamine metabolites (raised in neuroblastoma) 


Serum alpha-fetoprotein (AFP) measurement (raised in hepato- 
blastoma and teratoma) 


+ Computed tomography (CT) or MR scan of the abdomen and 
pelvis (to characterize the primary tumour, identify bilateral 
tumours, look for intravascular spread and intra-abdominal 
metastases) (Figs 8.13.1) 


+ CT scan of the chest (screen for lung metastases) 


The standard staging for Wilms tumour [Table 8.13.1] is informed 
by the initial investigations, but also requires information derived 
from surgical resection. In the United Kingdom children are treated 
in accordance with international protocols published by SIOP 
(International Society of Paediatric Oncology), which currently 
include pre-surgical (neoadjuvant) chemotherapy in all cases pre- 
senting in children over six months of age.” In localized (stage I-III) 
tumours, neoadjuvant chemotherapy was initially given to shrink the 
tumour with the aim of reducing surgical morbidity.!®!° This has 
been the subject of an important UK study (UKW3)with random- 
ization between immediate and delayed resection. The results of this 
study confirmed that neoadjuvant chemotherapy reduces surgical 
complications and also downgrades some stage III tumours—thus 
allowing the subsequent burden of chemotherapy to be reduced.?°! 
However, the routine use of neoadjuvant chemotherapy for all chil- 
dren with localized tumours may result in some low risk tumours 
being overtreated. For this reason the protocols from the Children’s 
Oncology Group in the USA continue to recommend immediate pri- 
mary resection of localized tumours.”” Protocols from the USA only 
recommend pre-resection chemotherapy for children with metasta- 
ses, intravascular extension, or tumour in the contralateral kidney. 

In the UK, histological confirmation of diagnosis is recom- 
mended before treatment is started. This entails an ultrasound- 
guided needle-core biopsy via a retroperitoneal approach.?> The 
advantages of tumour biopsy lie in excluding rare non-malignant 
renal masses and in identifying histological subgroups that may 
require alternative chemotherapy regimens. This biopsy technique 
does not alter the tumour stage whereas a transperitoneal or inci- 
sional biopsy automatically upgrades the tumour to stage III. 

Wilms tumour is a very chemo- and radio-sensitive malignancy, 
and multimodal therapy regimes have been refined over many clin- 
ical trials, initiated by the National Wilms Tumor Study (NWTS) in 
the United States.24-?° Outcomes are now very good, with overall 
long-term survival of >70% for all tumours and a survival rate of 
>90% for low risk localized tumours with favourable histology.°° 
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Fig. 8.13.1 (A) Axial image from a contrast computed tomography (CT) scan of a three-year-old boy who presented with an asymptomatic abdominal mass. The 

scan shows a very large Wilms tumour replacing most of the right kidney. Note the crescent of renal parenchyma splayed around the posterior margin of the tumour, 
showing that the tumour arises from the kidney. (B) A coronal reconstruction from the same CT scan, showing displacement of the inferior vena cava, but no evidence of 
intravascular spread. The CT scan is also important to exclude tumour in the contralateral kidney, to look for enlarged (and possibly involved) para-aortic lymph nodes, 


and to visualize other sites of potential intra-abdominal metastases. 


Risk stratification is based upon histological classification, and is 
used to guide intensity of adjuvant therapy.*! 

Protocols are being developed which are aimed at intensifying 
treatment for high risk tumours, while decreasing therapy for low 
risk tumours and thus reducing adverse effects at the same time as 
maintaining the excellent outcomes. 

Bilateral tumours and tumours with intracaval or intra-atrial 
extension present a particular surgical challenge. Following neo- 
adjuvant chemotherapy it is usually possible to carry out nephron- 
sparing surgery on in stage V tumours, occasionally using bench 
surgery.3>33 Although the use of neoadjuvant chemotherapy has 
reduced the number of cases with intravascular tumour extension, 
there are still occasions when cardiopulmonary bypass is required 
to achieve complete tumour resection.34 In stage IV disease, 


Table 8.13.1 Staging system for Wilms tumour 


Stage Definition 


| Tumour confined to kidney and completely excised 


Il Tumour extending beyond kidney into perinephric fat, adjacent 
organs, vena cava; completely excised 


III ncomplete excision of tumour; or complete excision with 
abdominal lymph node involvement; or preoperative/ 
intraoperative tumour rupture; or peritoneal tumour deposits; or 
umour thrombi present at resection margins of vessels or ureter 


IV Haematogenous metastases; or lymph node metastases outside 
abdomen/pelvis 


V Bilateral renal tumours 


Reproduced with permission from National Wilms Tumor Study (NTWS), Copyright 
© NWTS, http://www.nwtsg.org 


metastases usually respond well to chemotherapy but there can be 
a role for metastatectomy to treat residual lesions. 


Mesoblastic nephroma 


In infants under six months of age the differential diagnosis 
of renal tumours includes mesoblastic nephroma. Although it 
can be locally infiltrative, this renal tumour is usually benign.** 
Mesoblastic nephroma commonly presents as an incidental flank 
mass in early infancy, but can also present perinatally with asso- 
ciated features including; polyhydramnios, hydrops foetalis, and 
hypercalcaemia.3637 Treatment consists of total nephrectomy. The 
kidney is removed en bloc with surrounding perinephric fat to pre- 
vent recurrence.’ No adjuvant treatment is required. Because of 
the difficulty in distinguishing mesoblastic nephroma from Wilms 
tumour on diagnostic imaging, immediate nephrectomy is recom- 
mended for renal tumours in this age group. 


Nephroblastomatosis 


The presence of foci of embryonal nephrogenic tissue may be 
observed in association with Wilms tumour, and these are consid- 
ered to be potential precursors of nephroblastoma.*? Some chil- 
dren present with benign aggregations or ‘rests’ of nephrogenic 
tissue and the appearances of these lesions on MR imaging may be 
sufficiently distinctive to permit observation rather than surgical 
intervention.“ 


Other renal tumours 


Two rare malignancies, clear cell sarcoma and rhabdoid tumours, 
were previously classified as forms of Wilms tumour. However, 
their histological features and poorer outcomes distinguish them 
from other forms of Wilms tumour and their management entails 
more intensified adjuvant treatment.*! Surgical management, how- 
ever, is the same as for Wilms tumour. 


Renal cell carcinoma occurs rarely in older children, and is 
treated as in adults. 


Malignant tumours of the bladder 


Rhabdomyosarcoma 


The dominant bladder/prostate malignancy in children is rhabdo- 
myosarcoma (RMS). This highly malignant tumour arises from 
primitive mesenchymal cells which are committed to differenti- 
ation into striated muscle. 

The incidence of bladder/prostate RMS is bimodal with most 
cases presenting between two and five years of age, and a second, 
smaller group presenting in adolescence.” 

Bladder/prostate RMS typically presents with either with haema- 
turia or bladder outlet obstruction. The tumour mass is usually 
readily visualized on ultrasound examination. 

A full histological and cytogenetic diagnosis is mandatory to dis- 
tinguish embryonal and alveolar rhabdomyosarcoma since these two 
sub types require different therapeutic approaches and have markedly 
different outcomes.8-* Alveolar RMS is characterized by the cyto- 
genetic translocation t>! and is associated with a worse prognosis.*° 

Treatment usually starts with chemotherapy, preceded by 
tumour biopsy. Primary tumour resection should only be con- 
sidered in those cases where it seems feasible to completely excise 
a tumour in the bladder dome without risk to bladder function. 
Bladder tumours are easily biopsied endoscopically, whereas biop- 
sying a prostatic RMS may need a perineal or transrectal needle- 
core approach. 

Treatment of RMS is risk-stratified, based upon pathological 
grading, site of disease, ease of resection, age at presentation, size 
of primary tumour, and lymph node involvement.4”"48 The aim of 
treatment is to achieve cure with the minimal amount of morbid- 
ity, particularly with regard to bladder function. Unfavourable 
alveolar histology tends to be associated with other parameters of 
higher risk.°! 

The bladder outlet and prostatic region are unfavourable sites and 
for this reason bladder/prostate tumours are classified as high risk. 
Such tumours are likely to require aggressive neoadjuvant chemo- 
therapy, attempted surgical resection, and adjuvant radiotherapy. 
A recently reported approach which combines resection of the 
tumour with prostatic brachytherapy is encouraging, since it may 
offer a higher chance of conserving the bladder.** Younger children 
with embryonal tumours are at intermediate risk, but still require 
multimodal therapy, albeit with a lower intensity. Even seemingly 
localized RMS is presumed to be micrometastatic, and so all chil- 
dren with RMS receive some chemotherapy. 


Urothelial tumours 


Urothelial tumours are exceedingly rare in childhood. Transitional 
cell carcinoma can very occasionally occur in older adolescents, 
and its treatment is the same as in adults. Outcomes in children 
are reported to be better than in adults. Urothelial neoplasms of 
low malignant potential (PUNLMP) can also occur in older adoles- 
cents,” and are treated according to adult guidelines. 


Testicular tumours 


Although the management of testicular masses in childhood gener- 
ally mirrors their management in adults there are some important 
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distinctions. Most malignant tumours of the testis in children pre- 
sent with an enlarging mass but, importantly, some present with a 
hydrocele.>4 Examination of a child with a hydrocele should there- 
fore include careful palpation of the scrotal contents to ensure that 
the underlying testis is normal. If this is in any doubt ultrasound 
should be performed.** Blood tests for tumour markers (AFP 
and BHCG) are then performed prior to surgical exploration and 
orchidectomy via an inguinal approach. In order of frequency, the 
testicular tumours encountered in children are; mature teratoma, 
malignant germ cell tumour (yolk sac tumour) and paratesticular 
rhabdomyosarcoma.*° 

In principle, testicular sparing surgery can be considered for a 
mature teratoma, but in reality these tumours usually exceed the 
volume of the small prepubertal testis, and so there is no alternative 
to orchidectomy. 

For a discreet lump within an otherwise normal testis preopera- 
tive ultrasound can be very valuable,in identifying benign masses 
such as an epidermoid cyst which can be enucleated. Nevertheless 
intraoperative frozen section is a recommended precaution in 
such cases. 

Subsequent management, including imaging for metastases, 
is guided by the histological diagnosis—with adjuvant treatment 
depending on the stage and grade of tumour.*” Lymph node involve- 
ment is generally identified on imaging rather than on biopsy.” 
Malignant germ cell tumours and paratesticular RMS both respond 
very well to treatment and have excellent outcomes.°?° 

In the perinatal period an enlarged testis is most likely to be a 
consequence of intrauterine (‘neonatal’) testicular torsion, and is 
invariably beyond salvage. Since atrophy is the inevitable outcome, 
conservative management has been widely adopted in preference to 
surgical exploration.®! 

Poorly controlled congenital adrenal hyperplasia in adolescents 
may be associated with the development of hyperplastic nodules 
on both testes—with histological features resembling Leydig Cell 
tumours.® Surgical intervention is not required. 


Conclusions 


Urological malignancies are rare in childhood. Survival rates for 
Wilms tumour have improved dramatically over recent decades and 
the challenge is now to devise protocols which offer comparable out- 
comes with lower treatment-related morbidity. Rhabdomyosarcoma 
remains a challenging tumour to treat—both because of the tumour 
biology and the unfavourable anatomical location in many cases. 
Multimodal treatment is necessary to provide a reasonable pros- 
pect of cure with preservation of bladder function. The presentation 
and management of testicular tumours in children broadly mirrors 
that in adults. Management consists of radical orchidectomy with 
chemotherapy when this is indicated by tumour histology and sta- 
ging. Childhood cancers of the urinary tract should be managed by 
multidisciplinary teams in specialist centres. 
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CHAPTER 9.1 


Renal function 


Chris A. O'Callaghan 


Introduction—an overview 
of renal physiology 


The kidneys are major homeostatic organs and play a key role in 
the maintenance of an extracellular environment in which cells can 
survive. They do this primarily by regulating the composition of 
plasma, which indirectly influences the composition of the extra- 
cellular fluid in which cells are bathed. The red cell content of blood 
is also regulated by the kidneys through the secretion of erythro- 
poietin. The kidneys are important endocrine organs and, in add- 
ition to erythropoietin, the other major endocrine products include 
renin and vitamin D. 

Within the kidneys, the glomeruli filter plasma and the renal 
tubules adjust the composition of this filtered liquid, or filtrate, as 
it passes along them (Fig. 9.1.1). This adjustment arises from large 
scale reabsorption of most of the filtered water and soluble plasma 
components. In addition to filtration and reabsorption, the kidneys 
can also secrete plasma constituents into the filtrate, to promote the 
excretion of these substances. 

The combination of the glomerulus, its tubules and associated 
blood vessels is referred to as a nephron (Fig. 9.1.1). Each kidney 
has around 400,000-800,000 nephrons, although the number of 
nephrons declines with age. 
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Fig. 9.1.1 The nephron. Filtrate is formed within the glomerulus and then passes 
along the tubular system where it is modified by reabsorption and secretion. 


A range of different transport processes occur along the tubules 
to move ions or molecules (Fig. 9.1.2). Active transport requires 
the consumption of energy by the breakdown of adenosine triphos- 
phate (ATP). Passive transport occurs when ions or molecules move 
because there is a gradient in concentration or electrical potential. 
Water molecules cannot be pumped but move by osmosis when 
there is an osmotic gradient across a semi-permeable membrane. 

The kidneys have three major effects on extracellular fluid 
homeostasis. 


+ They adjust body water content by controlling the volume of 
urine produced. 


+ They adjust the ionic composition of extracellular fluid by 
controlling the excretion of plasma ions including sodium, 
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Fig. 9.1.2 Transport processes. lons can move passively across membranes 

along concentration of electrical gradients by co-transport or counter-transport. 
Active transport can occur even against such gradients and is directly powered by 
adenosine triphosphate (ATP). 
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potassium, calcium, magnesium, and their associated anions, 
such as chloride and phosphate. 


+ They adjust acid-base status to maintain body pH by regulating 
the urinary excretion of acid. 


The kidneys have a very high blood flow, most of which is chan- 
nelled into specialized capillary bundles in the glomeruli. The 
blood vessels beyond the glomerular capillaries are arterioles rather 
than venules. These efferent arterioles are able to contract which 
produces a high pressure within the upstream glomerular capillar- 
ies and so promotes filtration in the glomerulus. The filtered fluid 
from each glomerulus passes along a tubule and along this course it 
is modified by reabsorption and secretion. 

Despite their modest size, the combined blood flow to both kid- 
neys is around 20% of the total cardiac output. Although the total 
volume of the circulating plasma is around three litres, the total 
extracellular volume is much higher at around 15 litres. Plasma and 
extravascular extracellular fluid are in equilibrium, so the kidneys 
needs to adjust plasma composition continuously to keep it within 
a tight range and so maintain a stable extracellular environment for 
cells. This homeostatic regulation occurs in such a way that there 
are no excessive changes in the levels of extracellular fluid constitu- 
ents that might otherwise occur with metabolic activity. The high 
renal blood flow ensures that this is an efficient process, even on 
a minute-to-minute timescale. The net result is that plasma fluid 
composition remains remarkably stable even though the kidneys 
are removing very substantial amounts of excreted products from 
the plasma. 


Endocrine functions of the kidney 


The kidneys are complex organs and many soluble compounds 
are produced that have local and in some cases systemic actions. 
However, key endocrine functions of major recognized import- 
ance concern the regulation of red blood cell production by 
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erythropoietin, of divalent ions and bone metabolism by vitamin D 
production and of the angiotensin axis by renin production (Fig. 9.1.3). 

Erythropoietin is a protein produced by fibroblastoid cells located 
within the renal interstitium near to the tubules in the cortex and 
outer medulla of the kidney. There is a low basal level of erythropoi- 
etin production, which is upregulated if oxygen delivery is reduced 
by hypoxia or anaemia. Erythropoietin acts on an erythropoietin 
receptor on early erythroid precursor cells to promote their sur- 
vival and development. In the absence of erythropoietin these cells 
die by apoptosis and red cell numbers decline which results in a fall 
in blood haemoglobin levels and haematocrit. 

Vitamin D is produced by a multistep synthesis from cholesterol. 
The first step happens in the skin in a process requiring ultraviolet 
light and this is followed by a further step in the liver which pro- 
duces 25-hydroxy vitamin D. The kidney is then responsible for the 
final step whereby a further hydroxyl group is added to produce 
the active form of vitamin D which is 1,25-dihydroxy vitamin D. 
This active form of vitamin D acts on receptors in the gut, kidneys, 
and bone to raise calcium and phosphate levels by promoting their 
absorption by the gut, their reabsorption by the kidneys and their 
release from bone. 

Renin is produced by cells which form part of the juxtaglomeru- 
lar apparatus of each glomerulus. Each juxtaglomerular apparatus is 
formed where the afferent and efferent arterioles of a glomerulus are 
in close proximity to a section of the tubule that drains the glomeru- 
lus (Fig. 9.1.1). Granular cells that exist within this structure release 
renin in response to a number of stimuli which can come about as 
a result of changes in renal perfusion pressure, sympathetic nervous 
system activity, and alterations in the sodium and chloride levels in 
the tubules. Renin promotes the production of angiotensin I which 
is converted to angiotensin II. Angiotensin II promotes vascular 
smooth muscle contraction and promotes sodium retention both 
directly and by acting on the adrenal gland to increase aldosterone 
production. These actions maintain blood pressure. 
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Fig. 9.1.3 Endocrine functions of the kidney. Key endocrine products of the kidney are renin, vitamin D, and erythropoietin—their key actions are illustrated here. 


Endocrine influences on the kidney 


The kidney is a key effector arm of endocrine organ function. In 
addition to those hormones produced by the kidney, major hor- 
mones acting on the kidney include vasopressin, angiotensin, 
aldosterone, parathyroid hormone, and the relatively recently 
characterized phosphatonin FGF-23.! Vasopressin promotes water 
reabsorption. Angiotensin II and aldosterone promotes sodium 
reabsorption. Parathyroid hormone promotes renal phosphate 
excretion, calcium reabsorption, and renal vitamin D production. 
FGF-23 reduces renal vitamin D production and promotes phos- 
phate excretion.! 


Renal blood flow 


The kidneys are highly vascular organs and together they receive 
around 20% of the total cardiac output. Typically each kidney 
receives a single renal artery from the aorta, although there are 
many variations on this and it is common for more than one renal 
artery to supply a kidney. The renal artery usually divides within 
the kidney into several segmental arteries, which each give rise to 
interlobar arteries (Fig. 9.1.4). The interlobar arteries penetrate fur- 
ther into the kidney and divide into arcuate arteries that run parallel 
to the outer surface of the kidneys. From these arcuate arteries the 
smaller interlobular arteries arise and run radially outwards through 
the cortex of the kidney. Afferent arterioles arise from these inter- 
lobular arteries and supply the glomerular capillary bundles. 

The capillary bundle of each glomerulus is drained by an efferent 
arteriole. The glomerulus is the only vascular bed that is both sup- 
plied and drained by arterioles. Beyond the efferent arteriole, there 
are two distinct patterns of vascular arrangement. In the outer cor- 
tex of the kidney efferent arterioles flow into a peritubular capillary 
network that is closely wrapped around the tubule that leads away 
from the glomerulus that the afferent arteriole supplied. This allows 
exchange between the tubule and the capillaries of reabsorbed or 
secreted ions or molecules. Those efferent arterioles that arise from 
nephrons in the juxtamedullary or deep cortex give rise to a capil- 
lary network that also incorporates the vasa recta which are small 
vessels that descend to form a capillary network and then rejoin to 
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Fig. 9.1.4 Renal blood supply. The renal arteries subdivide progressively into 
interlobular arteries from which the afferent arterioles arise to supply the 
glomeruli. 
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reascend with the loop of Henle before rejoining the capillary net- 
work around the remaining tubules in that nephron. The descend- 
ing and ascending vasa recta are close to each other as they travel 
through the renal medulla and are the only blood supply that the 
renal medulla receives. They operate as a countercurrent transport 
system that plays a role in maintaining the high osmolality in the 
renal medulla that is required for the production of a concentrated 
urine. Beyond the tubular capillaries blood enters venules that then 
progressively join to form increasingly larger vessels. Eventually 
blood leaves the kidneys in the renal veins which drain into the 
inferior vena cava. As with renal arteries, variations in the number 
of renal veins are well recognized. 


Measurement of renal blood flow 


Renal blood flow (RBF) can be measured in various ways. The 
standard physiological approach is to use a substance such as 
p-aminohippuric acid (PAH) which is fully removed from plasma 
after a single pass through the kidneys. Given this, the amount of PAH 
that is removed from plasma by the kidneys must equal the amount 
of PAH that is excreted in the urine over a given time. Therefore, if 
the renal arterial and venous plasma concentrations of PAH are deter- 
mined and urine flow rate and urine concentration of PAH are deter- 
mined, it is possible to calculate the renal plasma flow (RPF): 


(Arterial [PAH] - Venous [PAH] ) x RPF 
= Urine [PAH] x Urine flow rate 


Renal blood flow can then be calculated from RPF because 
RBF = RPF/ (1 — haematocrit) 


In routine clinical practice it is not straightforward to under- 
take these measurements directly. However, °?™Tc-labelled DTPA 
(diethylenetriaminepenta-acetic acid) and MAG3 (mercaptoactyl- 
triglycine) are removed by the kidney and can be used to estimate 
renal blood flow. Flow in the renal arteries can also be assessed 
using transcutaneous Doppler studies. 


Regulation of renal blood flow 


Renal blood flow is affected by a wide range of influences and how 
these are integrated is incompletely understood. Within the neph- 
ron there is local regulation of the arterioles. In particular, tubulo- 
glomerular feedback occurs such that a rise in glomerular pressure 
and so glomerular filtration rate (GFR) triggers the release of adeno- 
sine which acts on Al receptors, causing afferent arteriolar vaso- 
constriction and thus lowering glomerular pressure and filtration 
rate. The input to this feedback mechanism is the sensing of tubular 
sodium and chloride by the macula densa cells in the distal tubule 
which are part of the juxtaglomerular apparatus (JGA) (Fig. 9.1.1). 
A rise in GFR reduces the time available for sodium and chloride 
reabsorption and so increases their concentration in the tubule. 

The juxtaglomerular apparatus can also release renin in response 
to a fall in afferent arteriolar pressure, reduced sodium and chlor- 
ide concentration at the macula densa and sympathetic nervous 
activity acting on beta 1 receptors within the JGA. The action of 
renin triggers angiotensin II production which will acts on AT1 
receptors causing vasoconstriction of both afferent and efferent 
arterioles. However, as the effect is stronger on the efferent arte- 
rioles the effect is an increase in intraglomerular pressure and so 
a rise in GFR. 
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The sympathetic nervous system within the renal nerves medi- 
ates afferent and efferent arteriolar constriction through the action 
of noradrenaline on alpha 1 adrenergic receptors. A range of vaso- 
dilating prostaglandins such as PGE2 and PGI2 (prostacyclin) 
oppose the action of vasoconstrictors. 

A variety of other compounds have effects on RBF. Well rec- 
ognized effects include those of endothelin which acts on ETB 
receptors to cause renal vasoconstriction, vasopressin which acts 
on V1 receptors to cause vasoconstriction, adrenomedullin which 
causes renal vasodilation, nitric oxide which causes renal vasodila- 
tion and bradykinin which promotes prostaglandin synthesis and 
vasodilation. 


Renal filtration 


Following the branching subdivision of the renal arteries, blood 
passing through an afferent arteriole enters a glomerular capillary 
bed. This is a highly specialized capillary network that forms a ball- 
like structure or glomerulus. The glomerular capillary endothelial 
cells are relatively flat cells with the capillary lumen on one side 
and a specialized basement membrane known as the glomerular 
basement membrane on the other side.” On the opposite side of 
the glomerular basement membrane are epithelial cells that form 
the inner surface of Bowman's capsule. These tubular epithelial cells 
are highly specialized and are known as podocytes because of their 
‘foot processes’ (Fig. 9.1.5). During the embryological develop- 
ment of the kidney, each glomerular capillary invaginates a devel- 
oping tubule to form a glomerulus. The result is that each mature 
glomerular capillary is surrounded by the tubular collecting sys- 
tem. Filtration occurs within the glomerulus and fluid passes from 
the glomerular capillary lumen into the tubular system. The space 
immediately beyond the filtration barrier into which the filtered 
fluid passes is known as Bowman's space. 

Blood which leaves the glomerular capillary network first passes 
through an efferent arteriole. The ability of this arteriole to contract 
allows the precise regulation of intraglomerular pressure. As effer- 
ent arteriolar constriction increases, the hydrostatic pressure within 
the glomerular capillary system rises and this drives the filtration 
process. The filtrate which is produced then passes down the tubule. 
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The filtration barrier 


The filtration barrier itself consists of three principal components, 
the glomerular endothelial cell, the basement membrane and the 
tubular epithelial cell or podocyte (Fig. 9.1.5). The endothelial cells 
are very thin and are described as ‘fenestrated’ because they have 
multiple pores of around 70 nm in diameter which are filled with 
negatively charged glycoprotein. 

The glomerular basement membrane is a complex network of gly- 
coproteins which include a three-dimensional scaffold composed of 
helical strands of type IV collagen on which the other components 
are attached. These other proteins include heparan sulphate proteo- 
glycan, laminin, podocalyxin, fibronectin, and entactin. The glom- 
erular basement membrane is organized into three layers known, 
from the endothelial side to the epithelial side as the lamina densa, 
lamina rara interna, and lamina rara externa. The lamina densa is a 
relatively homogeneous dense layer, but the two lamina rara layers 
are less dense and have a significant negative charge. 

The epithelial cells or podocytes lining Bowman's space have 
well-developed foot processes which are attached to the tubular 
side of the glomerular basement membrane. The foot processes 
from different podocytes interdigitate, but do not touch each other. 
Between these interdigitating foot processes are spaces known as a 
filtration slits which are around 25-65 nm across. A network of pro- 
teins associated with the podocytes foot processes forms ‘slit pores’ 
across these slits. Proteins involved in slit pores include podoca- 
lyxin, nephrin, NEPH1, P-cadherin, CD2AP, ZO-1, and podocin.? 
Within the glomerulus there are also mesangial cells which have 
both contractile and phagocytic properties and appear to serve a 
structural role in supporting the capillary loops. 


The filtration process 


Together these multiple layers of the filtration barrier provide a 
matrix through which size and charge selection occurs as plasma is 
filtered. The high pressure in the glomerulus forces water and sol- 
utes through the filtration barrier. The extent to which a substance 
is filtered depends to some extent upon its electrical charge and to 
a larger extent upon its size. There remains debate about the precise 
role of each layer of the barrier, but molecular defects in a range of 


Fig. 9.1.5 The filtration barrier. The left panel shows a light microscopic image of a glomerulus and the right panel is an electron micrograph of the filtration barrier. 
(E) indicates the endothelial cell lining the glomerular capillary, while (G) is the glomerular basement membrane, and (P) is the podocyte with its foot processes lining 


Bowman's space. 
Reproduced courtesy of Professor lan SD Roberts, John Radcliffe Hospital, Oxford, UK. 


the proteins that contribute to the barrier can disrupt the barrier 
function resulting in proteinuria.4 


How is filtration measured 


The physiological approach to the measurement of the rate of fil- 
tration is based on the clearance of a substance from plasma by the 
kidney. Clearance per minute is the volume of plasma from which 
the substance is removed in one minute. For studies of filtration 
an ideal substance would be freely filtered in the glomerulus and 
not secreted or reabsorbed in the tubules. The polysaccharide inu- 
lin has these properties, so following intravenous administration of 
inulin it is possible to calculate the clearance of inulin if urine flow 
rate and plasma and urine concentrations of inulin are measured. 
This is because the amount removed from the plasma in any given 
time period must be the same as the amount excreted in the urine 
in that time period. 


Clearance = U[inulin]V / P[inulin] 


Other approaches to estimating the rate of filtration in clinical 
practice are considered later in this chapter. 


Tubular function 


The filtration process occurring in the glomerulus produces a 
large volume of filtrate, which is then processed as it passes along 
the tubular system to produce a much smaller volume of the final 
urine. If an individual has a GFR of 120 mL/min/1.73m? which 
might be a typical figure for a young healthy adult, then the volume 
of filtrate produced per day would be around 172 litres per day. 
As the volume of urine produced per day is of the order of only 
a few litres there must be substantial reabsorption of fluid in the 
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tubules. Substances such as sodium, potassium and glucose which 
are freely filtered in the glomerulus are present in the filtrate at the 
same concentration as their plasma concentration. Therefore, the 
filtrate produced during 24 hours contains very large amounts of 
these substances (e.g. 23 moles of sodium or over 1 kg of salt) so 
there must be substantial reabsorption of solutes from the filtrate. 
Such large scale reabsorption requires considerable energy expend- 
iture and the kidney is a highly metabolic organ. 

The tubular system is most generally divided into the proximal 
tubules and the distal tubules (Fig. 9.1.1). In nephrons that are deep 
within the cortex (juxtamedullary nephrons) the proximal tubule 
leads into a section of tubule known as the loop of Henle which 
can descend deep into the renal medulla before reascending to lead 
into the distal tubule. The distal tubule leads into the collecting duct 
which descends deep into the kidney. There are three sections of 
the collecting duct as it descends through the kidney, known as the 
cortical collecting duct, the outer medullary collecting duct and the 
inner medullary collecting duct. The inner medullary collecting 
duct eventually flows into a papillary duct which exits from a renal 
papilla into a minor calyx and so into the renal pelvis. 

The tubular system of the nephron is lined with tubular epithe- 
lium which is only one cell thick. The tubular cells are generally 
columnar in type and are joined together by tight junctions at their 
luminal edges. These junctions allow transport processes to estab- 
lish gradients across the tubular epithelial layer. Molecules can 
move through the tight junctions and this movement is controlled 
by transmembrane proteins known as claudins.° 

In general terms, the bulk of the reabsorption of water and solutes 
takes place in the proximal tubules and then further fine tuning of 
this reabsorption takes place in the more distal tubular segments 
(Fig. 9.1.6). Within the proximal tubule key electrolytes, glucose, 
amino acids, other substances and water are absorbed and there is 
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Fig. 9.1.6 Processing of filitrate along the nephron. The filtrate is formed in the urine and processed along the nephron as shown. The red arrows indicate secretion and 
the purple arrows indicate reabsorption. The bulk of the reabsorption of ions and water occurs in the proximal tubule and is refined along the nephron under endocrine 


influences. 
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endocytic uptake of filtered proteins which bind to the endocytic 
receptor megalin.® Much of the transport is active transport of 
solutes and there is concomitant movement of water by osmosis. 
However, although there is substantial reabsorption in this segment 
of the tubules, the filtrate remains iso-osmotic with plasma. 

The loop of Henle plays a central role in the production of a con- 
centrated urine.” Within the loop of Henle the descending limb 
has relatively flat cells which do not undertake active transport, 
whereas the ascending limb has thicker cells which are responsible 
for significant active transport. In the distal tubule there is signifi- 
cant endocrine regulation of tubular function, especially from vaso- 
pressin and aldosterone. The major active driving force for tubular 
solute transport is the activity of the Na*/Kt ATPase molecules 
which are predominantly localized to the lateral and basal mem- 
brane regions of the tubular cells. This activity establishes sodium 
and potassium gradients which can be used to drive the movement 
of other ions or molecules by co-transport or counter-transport 
with sodium or other ions. 


Renal sodium handling 


Sodium and chloride are freely filtered in the glomerulus. In each 
segment of the tubules where sodium reabsorption occurs, sodium 
is pumped out of the basolateral membrane of the tubular cells by 
the Nat/K* ATPase (Fig. 9.1.7). This generates a sodium gradient 
that drives influx of sodium into the tubular cells. Different tubule 
segments employ different molecules to transport sodium across 
the apical membrane of the cells.-!° In some portions of the neph- 
ron there is also paracellular movement of sodium driven by the 
sodium gradient. Around 65% of the filtered sodium is reabsorbed 
in the proximal tubule. In the proximal tubule sodium move- 
ment at the apical luminal membrane is mediated by the NHE3 
sodium-hydrogen exchanger, such that sodium enters the cell and 
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H* leaves it. Sodium also enters proximal tubular cells using a set 
of co-transporter molecules which transport sodium together with 
other molecules including bicarbonate, glucose, amino acids, or 
other organic compounds. The sodium that leaves the cell is then 
removed at the basal surface by the Na*/K* ATPase. The loop of 
Henle reabsorbs a further 25% of the filtered sodium. The thin- 
walled descending limb is impermeable to sodium, but sodium 
enters the cells of the thicker ascending limb using the NKCC2 
transporter which is a co-transporter for sodium, potassium, and 
chloride ions and the target of action of the loop diuretics, such 
as furosemide. Within the distal tubule a further 5% of the filtered 
sodium is reabsorbed. Sodium crosses the apical portion of the 
distal tubular cells using the NCC which is a co-transporter for 
sodium and chloride and the target of action of the thiazide diuret- 
ics. Around 2-5% of the filtered sodium is reabsorbed in the col- 
lecting ducts in cells known as principal cells. Sodium crosses the 
apical portion of these cells using the ENaC channel which is the 
drug target of amiloride. Angiotensin II enhances proximal tubule 
sodium reabsorption and aldosterone has a major regulatory role 
whereby it enhances collecting duct sodium reabsorption.!!-¥ 


Renal potassium handling 


Potassium is freely filtered in the glomerulus like sodium, but is 
handled very differently by the tubules (Fig. 9.1.6).2-!° Sodium 
is reabsorbed along the tubules and the sodium that is excreted 
is that which has not been reabsorbed. In contrast, almost all fil- 
tered potassium is reabsorbed before the collecting duct and then 
the potassium that is to be excreted is secreted into the collect- 
ing duct. As with sodium, around 65% of the filtered potassium 
is reabsorbed in the proximal tubule. This reabsorption is largely 
paracellular as potassium moves by convection with water that fol- 
lows sodium reabsorption by osmosis. This potassium movement 
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Fig. 9.1.7 Renal sodium handling. The typical sodium handling activity of tubular cells in different regions of the nephron is illustrated. In each case the tubular cell is 
coloured pale yellow and the tubular lumen is considered to be to the left of the cell. The bulk of the sodium is reabsorbed in the proximal tubule. In the early proximal 
tubule, this is predominantly by sodium-hydrogen exchange, but later in the proximal tubule there is substantial co-transport of sodium with other molecules (denoted 


by X) such as glucose. 


is likely to be fuelled by the activity of Nat/K* ATPase molecules 
which remove potassium from the intracellular spaces and by the 
electrical gradient in the later proximal tubule. A further 30% of 
the filtered potassium is removed in the thick ascending limb of the 
loop of Henle via the NKCC co-transporter and via the paracellular 
route. Further potassium reabsorption occurs in the distal tubule, 
but the key physiological control step is in the collecting ducts. 
Here the predominant feature of potassium handling is secretion 
of potassium by principal cells.!4 The Nat/K+ ATPase molecules 
at the basolateral surfaces pump potassium into the cells and this 
drives potassium out of the cells at the apical luminal membrane 
surface through KCC potassium-chloride co-transporter channels 
and through ROMK and BK channels.!° At high urinary flow rates 
potassium secretion increases in part because the high flow rate 
maintains a high potassium gradient and in part because it triggers 
opening of BK channels. Aldosterone promotes potassium secre- 
tion in the principal cells. 


Renal acid-base handling 


The kidney plays a key role in maintaining acid-base status by 
excreting acid and to do this, adequate buffering capacity must be 
present in the urine.!° Bicarbonate is freely filtered in the glom- 
erulus and is mostly reabsorbed (Fig. 9.1.6). In the early nephron 
H* ions are secreted and combine with bicarbonate ions in a pro- 
cess which results in bicarbonate reabsorption. Further down the 
nephron secreted H* combines with buffers to contribute to net 
acid excretion. 

H* are secreted along the tubule from the apical membranes of 
tubular cells via the NHE3 sodium-hydrogen exchanger in return 
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for sodium which is moving along the sodium gradient generated 
by the Nat/Kt ATPase molecules in the basal membrane. 80% of 
filtered bicarbonate is reabsorbed in the proximal tubule as a result 
of H* secretion (Fig. 9.1.8). This process relies upon the enzyme 
carbonic anhydrase in the tubule which can be thought of as 
catalysing the interaction of H* and bicarbonate to form carbon 
dioxide and water and vice versa.!” The carbon dioxide and water 
enter tubular cells and break down into H* and bicarbonate again. 
The H* is secreted again and so is recycled without contributing 
to net acid excretion. However, the bicarbonate leaves the basal 
membrane of the cell mainly through the NBC sodium bicarbon- 
ate co-transporter. Further bicarbonate is reabsorbed in this way 
in the ascending limb of the loop of Henle. In the distal tubule 
acid excretion begins with H* buffered principally by interactions 
with phosphate and ammonia. This H* is not reabsorbed or recy- 
cled and so is lost in the urine as excreted acid. In the collecting 
ducts, type A intercalated cells are the predominant cells involved 
in H* secretion and carbonic anhydrase in these cells catalyses the 
formation of H* and bicarbonate. An apical H+ ATPase actively 
secretes H* into the lumen and the bicarbonate generated exits the 
cells at the basolateral surface via the AE1 bicarbonate/chloride 
transporter. 

Ammonia plays an important role in acid-base handling by the 
kidney.!® Proximal tubular cells, in particular, metabolize glutam- 
ine in a series of interactions which ultimately generate ammonia, 
bicarbonate, and glucose. The bicarbonate and glucose pass into the 
body via the basolateral route, but the ammonia enters the tubule 
where it can be protonated to form NH,* ions which remain in the 
urine and contribute to the removal of Ht from the body. NH,* can 


H* 


“Ht + HCO3- 
! i eo 
H,CO; H,CO; HCO;- 
Carbonic | Carbonic 
Anhydrase Î Anhydrase HCO,- 
CO,+H,O | co + mo 4Ħ 
Li 


Bicarbonate reabsorption 
in the proximal tubule 


[HCO3-] 
pH=pK+log | ——-—— 
PCO, 
H* and pH 
pH 76 75 74 73 72 71 70 69 68 
[H*]nmol/L 25 60 80 100 125 160 


32 40 50 


Fig. 9.1.8 Renal acid handling. The upper panel illustrates bicarbonate reabsorption in the proximal tubule. Carbonic anhydrase in the tubular cell and outside the cell 
play a key role in bicarbonate reabsorption. The tubular lumen is to the left of the cell. The middle panel illustrates the relationship between extracellular body fluid pH, 
bicarbonate, and PCO,, The lower panel illustrates the relationship between pH and H* concentration. 
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also form within the tubular cell and be transported out of the cell 
in exchange for sodium at the apical membrane. 


Renal calcium handling 


The plasma calcium that is not bound to proteins is freely filtered in 
the glomerulus and around 90% of this is reabsorbed in the prox- 
imal tubule and thick ascending limb of the loop of Henle.!? The 
route for this reabsorption is paracellular and the calcium moves 
with the water that is moving in these regions as a result of the 
actively established sodium gradient. An electrical gradient also 
contributes to this movement. In contrast, reabsorption in the dis- 
tal tubule is transcellular. Calcium crosses the luminal apical mem- 
brane via the TRPV5 calcium channels and is transported within 
the cells by calcium-binding proteins including calbindin-D., 
which prevents major fluctuations in free intracellular calcium 
concentration.” At the basolateral surface calcium leaves via the 
PMCA Ca** ATPase and the NCX sodium-calcium exchanger. 
Parathyroid hormone activates TRPV5 channels and promotes 
PMCA activity, thus increasing calcium reabsorption. The effect of 
vitamin D is described below.?! 


Renal phosphate handling 


Phosphate that is not protein bound is freely filtered in the glom- 
erulus and reabsorbed along the tubules.?* 80% of the phosphate is 
reabsorbed in the proximal tubules, by co-transport with sodium 
via the NPT2 family of sodium phosphate co-transporters. There 
is further reabsorption using the same mechanisms in the distal 
tubules and collecting ducts (Fig. 9.1.6). The kidneys have a limited 
capacity for phosphate reabsorption, so above a certain threshold 
level, (the Tm,,) excess filtered phosphate is excreted. Raised phos- 
phate levels promote secretion of the phosphaturic hormones PTH 
and FGF-23.?!3 The reabsorptive activity of the NPT2 transport- 
ers is inhibited by the FGF-23 and by PTH which both therefore 
increase phosphate excretion. 


Renal water handling 


Water is freely filtered in the glomerulus and as ions are reabsorbed 
along the tubular system water follows by osmosis (Fig. 9.1.6).824 
This movement depends on the water permeability of the tubular 
epithelium and on the osmotic gradient across it. Water crosses 
the tubular cell membranes through aquaporin (AQP) water 
channels.*5 

Around 65% of the filtered water is reabsorbed in the proximal 
tubules but this is an iso-osmotic process that does not concentrate 
the urine. Urine concentration occurs within the loop of Henle 
where the thin descending limb is permeable to water but not ions 
and the ascending limb is permeable to ions but not water.?©?7 

Sodium and chloride are transported out of the ascending limb 
of the loop of Henle into the medullary interstitium which raises its 
osmolality. This promotes the movement of water out of the thin 
descending limb of the loop. By the time the filtrate has left the loop 
a further 25% of the sodium and chloride have been reabsorbed, but 
only a further 10% of the water has been reabsorbed. Therefore, the 
loop serves to maintain a high osmolality in the medullary interstit- 
ium with the osmolality increasing with depth in the medulla. No 
significant water reabsorption occurs in the distal tubules, but in 
the collecting ducts water reabsorption occurs under regulation by 
vasopressin. Vasopressin binds V2 receptors on collecting duct cells 


which promotes the insertion of vesicles containing water channels, 
especially AQP2 channels into apical membrane, thus increasing 
water permeability and promoting water reabsorption.*> 

The medullary collecting ducts of all nephrons pass down through 
the high osmolality environment of the medulla and if the collect- 
ing duct cells are permeable to water then water will be reabsorbed, 
so leading to urinary concentration. As all collecting ducts descend 
through the medulla, even those without long loops of Henle can 
take advantage of the high medullary osmolality to concentrate the 
filtrate in their lumen. Urea also plays a role in water reabsorption 
and the reabsorption of urea in the collecting ducts contributes to 
the high osmolality of the medullary interstitium.?*° 

The vasa recta are the only blood supply to the medulla and func- 
tion as countercurrent exchangers to maintain the high medul- 
lary osmolality. In general terms, water diffuses out and solutes 
diffuse into the descending vessels, and solutes diffuse out of and 
water diffuses into the ascending vessels. This prevents blood flow 
from washing away the high osmolality of the deep medullary 
interstitium. 


Endocrine function 


The kidney produces a range of locally and systemically active sub- 
stances and is a major endocrine organ (Fig. 9.1.3). 


Erythropoietin 

Erythropoietin is a 165 amino acid protein that binds to the erythro- 
poietin receptor EpoR on red cell precursors.*°! The receptor is 
expressed on early erythroid progenitor cells and the levels of its 
expression increase during red cell development. If erythropoietin 
is not present at sufficient levels, these cells die by apoptosis. Most 
erythropoietin is produced by type 1 fibroblastoid cells that are 
situated in the interstitium of the renal cortex and outer medulla 
in peritubular regions. The low basal level of erythropoietin expres- 
sion by the kidney is increased by hypoxia or anaemia which 
impairs tissue oxygen delivery. 

Thecentral moleculeinthe regulation oferythropoietin produc- 
tion byoxygenisatranscription factor knownashypoxia-inducible 
factor 1 (HIF1) which has two subunits, HIF1l-alpha and HIF1- 
beta. If oxygen levels are low, HIF1 binds to the erythropoietin 
gene to promote its transcription.** However, in the presence of 
normal oxygen levels, HIF1-alpha undergoes degradation, and 
so is unable to promote erythropoietin transcription. The deg- 
radation of HIF1l-alpha comes about because oxygen-depend- 
ent proline hydroxylase domain enzymes (PHDs) catalyse 
the attachment of hydroxyl groups to proline amino acids in 
HIF1-alpha.* This altered form of HIF1-alpha is then bound 
by the von Hippel-Lindau protein (VHL) which promotes the 
attachment of ubiquitin proteins to HIFl-alpha.*4 Proteins 
with attached ubiquitin are rapidly degraded within the cell by 
proteasomes. Iron is also required for efficient activity of PHD 
enzymes. 

With progressive loss of renal tissue there is a fall in erythropoi- 
etin production and this is responsible for the anaemia that accom- 
panies advanced chronic kidney disease. Although there may be 
some loss of erythropoietin producing cells, the principle problem 
is a failure of the cells to respond to hypoxia. In addition to this, 
in inflammatory diseases, cytokines such as TNF-alpha reduce 
erythropoietin production. Replacement therapy with recombinant 


erythropoietin or modified derivatives of erythropoietin is routine 
in the care of patients with advanced chronic kidney disease. 


Renin and the angiotensin-aldosterone axis 


Renin secretion is promoted by three key stimuli. Firstly a fall in 
renal perfusion pressure, secondly a fall in the delivery of sodium 
chloride to the macula densa region of the distal tubule and thirdly 
by increased sympathetic nervous activity which acts on betal 
adrenergic receptors.” Renin is produced within the juxtaglo- 
merular apparatus (Fig. 9.1.1) and is an enzyme that catalyses 
the formation of angiotensin I. Angiotensin I is formed by renin- 
catalysed cleavage of the precursor protein angiotensinogen. 
Angiotensin I is itself further cleaved by angiotensin converting 
enzyme to form the short highly active peptide angiotensin II. 

Angiotensin II exerts its key effects through binding to AT, 
receptors.*© These receptors are present in a wide range of sites and 
mediate a series of different and important effects that generally 
act to maintain adequate blood pressure.*” Angiotensin II causes 
potent vasoconstriction and this can elevate blood pressure. Within 
the kidneys angiotensin II acts directly on proximal tubular cells 
to promote the activity of the NHE3 sodium-hydrogen exchanger 
and so promote sodium reabsorption.!*° In addition, it causes 
vasoconstriction of both the afferent and efferent arterioles; the 
predominant effect is on the efferent vessels which increases intra- 
glomerular pressure and so raises the glomerular filtration rate.’ 
Other renal effects include sensitization of tubule-glomerular feed- 
back and effects on glomerular mesangial cell contraction which 
may moderate the increase in GFR. It also acts on the brain to 
enhance thirst, promotes vasopressin release from the posterior 
pituitary and may have widespread influences on cellular activ- 
ity which affect cardiac and vascular remodelling. A key action is 
the stimulation of aldosterone production by the adrenal cortex. 
Aldosterone is a mineralocorticoid hormone which acts on the dis- 
tal tubule and collecting ducts to promote sodium reabsorption 
and potassium excretion. Key renal effects of aldosterone are pro- 
motion of basal membrane Na*/K*t ATPase activity and upregula- 
tion of apical ENaC activity. 


Vitamin D 


Vitamin D can be made in the body from cholesterol which is con- 
verted to vitamin D3 (cholecalciferol) in a process in skin which 
requires ultraviolet light (Fig. 9.1.9).2!38 Vitamin D3 can also be 
absorbed in the gut from dietary sources. The liver then converts 
vitamin D3 to 25-hydroxy vitamin D (25-hydroxycholecalcif- 
erol). Within the kidney 1 alpha-hydroxylase enzyme in proximal 
tubular cells converts 25-hydroxy vitamin D to 1,25-dihydroxy 
vitamin D (1,25-dihydroxycholecalciferol). This enzyme is itself 
regulated by 1,25-dihydroxy vitamin, PTH and FGF23 (21). 1,25- 
dihydroxy vitamin D is the highly active form of vitamin D and 
as renal function declines, so too does the capacity to produce 
1,25-dihydroxy vitamin D, which may contribute to renal bone 
disease.>! 

Vitamin D binds to the nuclear vitamin D receptor which is 
expressed in many different tissues and acts as a transcription 
factor to promote expression of a wide range of genes.*° The con- 
sequences of vitamin D action are widespread, but generally pro- 
mote the maintenance of adequate calcium and phosphate levels. 
A major effect is to increase the absorption of both calcium and 
phosphate in the gut. In bone vitamin D acts to promote bone 
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Fig. 9.1.9 Vitamin D metabolism. Cholecaliferol is produced in skin and 
metabolized to 25-hydroxycholecalciferol in the liver. The enzyme 1 alpha- 
hydroxylase in the kidney plays a key role by converting the 
25-hydroxycholecalciferol to highly active 1,25- dihydroxycholecalciferol. 


resorption and so release of calcium and phosphate into the cir- 
culation. In the kidney vitamin D acts to promote calcium and 
phosphate reabsorption. Vitamin D increases the activity of 
molecules involved in the transport of these ions including the 
PMCA Ca** ATPase and calbindin levels in the distal tubular 
cells.1939 


Blood pressure control 


Blood pressure is influenced by the cardiac output, the sys- 
temic vascular resistance, and the circulatory volume.***° The 
kidney plays a central role in blood pressure control by regu- 
lating circulatory volume and by endocrine effects on the state 
of vasoconstriction in the arterial tree, especially the systemic 
arterioles.8!0 When kidney function is impaired, hypertension 
is common and may reflect impaired sodium and water excre- 
tion or alterations in the endocrine output of the kidney, espe- 
cially the renin output from the juxtaglomerular apparatus. 
The influence of the kidney on blood pressure is well demon- 
strated in patients on dialysis who have little, if any, residual 
renal function. In this situation, the blood pressure is influence 
to a substantial effect by the amount of fluid which is removed 
by dialysis.?3! If fluid removal is inadequate the patient gener- 
ally remains hypertensive. If it is excessive they generally remain 
hypotensive. In addition to this, alterations in vasoconstriction 
produced by drugs can also influence the blood pressure with- 
out altering body fluid volume. 
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Relationship between regulation of body osmolality 
and body fluid volume 


Changes in extracellular fluid osmolality are poorly tolerated, so in 
general, if body sodium content is altered, there is an adjustment 
in body water content to maintain normal osmolality and so a 
change in extracellular body water content.’ Therefore, if extracellu- 
lar sodium concentration rises there is a rise in body water content 
and so in body fluid volume. All body fluid compartments are in a 
state of relative osmolar equilibrium and body osmolality is sensed 
by osmoreceptors in the anterior hypothalamus. Changes in osmo- 
lality are brought about by changes in thirst and in the secretion of 
vasopressin, which alters renal water excretion in the distal neph- 
ron.®10,40 If body fluid volume is altered and osmolality is normal, 
this typically reflects a change in body sodium content. Therefore, 
body fluid volume is generally controlled by alterations in body 
sodium content brought about regulation of renal sodium excretion. 


Afferent arms in the detection of blood pressure 


A wide range of systemic baroreceptors provide information 
about the state of distension of different parts of the circulation.*° 
These receptors include stretch receptors in the cardiac atria, the 
carotid baroreceptors, various tissue mechanoreceptors, and the 
renal juxtaglomerular apparatus. In essence, high pressure arterial 
stretch receptors are able to detect low perfusion pressures which 
typically arise when there is a fall in intravascular volume. In con- 
trast, low pressure venous receptors are able to detect venous dis- 
tension which typically indicates raised intravascular volume. 


Renal efferent arms in the regulation of blood 


Sodium excretion is influenced by multiple factors, but a major 
influence is the renin-angiotensin-aldosterone axis. In the proximal 
tubule, angiotensin II promotes the activity of the NHE3 sodium- 
hydrogen exchanger and so increases sodium reabsorption. 
In the principal cells of the collecting ducts in the distal nephron, 
aldosterone promotes the activity of the Nat/K* ATPase and the 
apical ENaC sodium channels and so promotes sodium reabsorp- 
tion. Glucocorticoids typically display some mineralocorticoid 
activity and so can cause sodium retention and hypertension. 

Other factors that influence sodium excretion include atrial 
natriuretic peptides produced by the cardiac atria upon disten- 
sion.*! A key action of these peptides is on NPR receptors in col- 
lecting duct cells to reduce the activity of the apical ENaC sodium 
channels and so inhibit sodium reabsorption. Catecholamines pro- 
mote the activity of the NHE3 sodium-hydrogen exchanger to pro- 
mote proximal tubular sodium reabsorption. 


Renal factors in hypertension 


Renal artery stenosis can cause a fall in renal blood flow and in 
the glomerular filtration rate. This promotes renin release from 
the juxtaglomerular apparatus and the production of angiotensin 
II and an increase in aldosterone release. Much has been learnt 
about the pathophysiology of hypertension from clinical disorders 
associated with hypertension.?! Liddle’s syndrome of pseudohy- 
peraldosteronism is caused by a mutation in the gene encoding 
the ENaC sodium channels in the collecting duct. The mutation 
causes the channels to stay open in an unreglated manner and so 
promotes the reabsorption of sodium with concomitant hyper- 
tension. Mutations of the WNK1 and WNK4 kinases can cause 


type 2 pseudohypoaldosteronism by promoting the activity of the 
NCC sodium chloride co-transporters in the distal tubule and so 
enhancing sodium reabsorption and hypertension.434 


Acid-base homeostasis 


The concentration of free acid in the body is very tightly controlled 
and the kidneys play a central role in this regulation.!° Metabolic 
acid production and dietary acid intake must be balanced by acid 
excretion. While carbon dioxide itself can be excreted by the lungs, 
acids such as sulphuric and phosphoric acids are excreted by the 
kidneys. The concentration of free H* ions is very low at around 
35-45 nmol/L in extracellular fluids. Buffers exist within the body 
and act to minimize the effects of changes in acid concentration 
on the concentration of free H* ions or pH (Fig. 9.1.8). Buffers are 
typically weak acids or bases that can donate or bind to H* ions to 
change from an acid to a base or vice versa. In doing this they can 
to some extent counterbalance the effects of the addition or loss of 
H* to the extracellular fluid. The acid and base forms of the buffer 
together constitute a buffer pair. The dominant extracellular buffer 
is the bicarbonate system, although sodium phosphate and proteins 
are important buffers in cells. 


Renal acid excretion 


Within the early tubular segments secreted H* is used to reabsorb 
bicarbonate (Fig. 9.1.8), but in the more distal nephron the secreted 
Ht interacts with buffers and is excreted. Acid excretion by the 
kidney requires the presence of buffers in the urine to lower the 
urinary concentration of free acid. This is because there is a limit 
to the gradient of free Ht concentration that the tubular mecha- 
nisms responsible for acid secretion into the tubules can generate. 
Consequently, the lowest urine pH that can be produced is around 
4.4. However, substantial amounts of acid can be excreted in the 
urine in buffered form. Urinary sodium phosphate buffers some 
acid in the urine, but most acid excretion arises through the excre- 
tion of ammonium ions (NH ep Acid can be excreted in the form 
of ammonium (NH,") ions which are produced in proximal tubule 
cells by the metabolic degradation of glutamine to ammonium and 
bicarbonate (HCO, ). The ammonium ions are secreted into the 
tubular fluid and the bicarbonate ions pass into the blood. 


Role of carbonic anhydrase 


The enzyme carbonic anhydrase plays a key role in acid-base regu- 
lation by catalysing the reaction OH- + CO, = HCO,,. This is more 
usually written as H,O + CO, = H,CO; = Ht + HCO, because 
water must first dissociate to form H* and OH- !” Within the kid- 
ney, the enzyme exists in different forms within tubular cells and at 
the apical luminal membranes of the cells (Fig. 9.1.8). In essence, 
the equilibrium allows carbon dioxide and bicarbonate to function 
as a buffer pair. Carbon dioxide levels can be regulated by changes 
in ventilation and bicarbonate levels can be regulated by changes in 
renal bicarbonate excretion. 


Renal responses to acid-base disturbances 


As carbon dioxide levels rise, extracellular fluids become more 
acidic, whereas as bicarbonate levels rise they become more alka- 
line. If one member of the bicarbonate buffer pair rises, then the 
change in pH can be reduced by a rise in the other member of the 
pair. For example, a fall in pH due to inadequate respiration can be 
compensated to some extent by a rise in extracellular fluid HCO,. 


Role of the liver 


The liver also plays a role in acid-base metabolism. The breakdown 
of proteins in the liver generates both HCO, and NH,* which 
combine together to form urea. However, a proportion of the NH,* 
that is produced is used in the synthesis of glutamine. This glutam- 
ine is transported in the blood to the kidney where it is degraded in 
the proximal tubular cells to produce HCO,” and NH,*. For each 
of these NH,* ions that is secreted into the tubule, a HCO, ion is 
added to the blood.!8 


Acidosis 


Acidosis promotes liver glutamine synthesis and renal glutamine 
breakdown and so increases the delivery of NH,* into the tubules 
while supplying HCO, to the blood. Bicarbonate reabsorption 
is increased along the tubule by upregulation of the apical NHE3 
sodium-hydrogen exchangers and the basolateral NBC sodium 
bicarbonate co-transporters. The activity of the H* secreting H* 
ATPase in the distal nephron is increased by acidosis. Renin pro- 
duction increases with acidosis promoting angiotensin II produc- 
tion and increased aldosterone secretion from the adrenals. This in 
turn promotes H* secretion by the H+ ATPases in the apical mem- 
brane of the type A intercalated cells in the distal nephron. 


Alkalosis 


Chloride plays an important role in the renal response to alkal- 
osis and low chloride levels can be problematic.*? Within the type 
A intercalated cell the active secretion of H+ by the H* ATPase is 
linked to passive co-transport of chloride to maintain electroneu- 
trality. If plasma chloride levels are low this results in low chloride 
levels in the tubular filtrate which enhances chloride movement 
into the tubule and so H* secretion. The effect is to worsen the 
alkalosis. In type B intercalated cells bicarbonate normally enters 
the cells from the tubular lumen in exchange for chloride and this 
process is reduced if plasma and so tubular chloride levels are low. 
High plasma bicarbonate levels inhibit the breakdown of glutamine 
to produce NH," in the proximal tubular cells. 


Effects of potassium on renal acid-base metabolism 


Hyperkalaemia promotes acidosis and hypokalaemia promotes 
alkalosis. Potassium inhibits glutamine breakdown in the prox- 
imal tubular cells and can compete with NH,* for secretion into the 
tubules in the loop of Henle via the NKCC2 co-transporter. Low 
potassium levels can promote H* excretion along the nephron and 
in type A intercalated cells stimulate the Ht/K* ATPase which reab- 
sorbs potassium from the filtrate and secretes H* into the tubule. 


Assessment of renal function 


The assessment of renal function generally focuses on the assess- 
ment of glomerular filtration rate and on the assessment of the 
integrity of the filtration barrier by measurement of protein or 
albumin levels in the urine. Nevertheless, other aspects of renal 
function may need investigation, particularly tubular function and 
endocrine function.*® 


Assessment of glomerular filtration rate 


Glomerular filtration rate can be measured using the clearance 
method described earlier. However, for this approach to be reliable, 
the substance used for the measurement must be freely filtered and 
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neither reabsorbed nor secreted along the nephron. Inulin fulfils 
these criteria and can be used for research purposes, but its use 
is not straightforward for routine purposes. A simple approximate 
substitute is creatinine clearance, but this has the inherent error 
that creatinine is secreted into the tubules and so creatinine clear- 
ance typically overestimates GFR. A further source of error is that 
the clearance technique requires collection of urine over a timed 
period, typically 24 hours, and this is prone to errors associated 
with incomplete collection of urine. 

To address the issue of incomplete collection of urine, an alter- 
native approach is to look at the rate of removal of a filtered sub- 
stance from the blood by taking blood samples at different times 
following administration of the substance, typically by intraven- 
ous injection. If the rate of removal is only dependent upon GFR 
and this is relatively constant, then carefully timed measurements 
allow a good estimate of the GFR to be made. Both 5!Cr-EDTA 
(chromium-51-labelled ethylenediaminetetra-acetic acid), 9°™Tc- 
DTPA (technetium-99m-labelled diethlenetraminepetna-acetic 
acid) and !25]-iothalamate (125-iodine-labelled iothalamate) are 
removed by glomerular filtration after intravenous administration. 
GFR can be estimated by measuring the levels of these substances in 
plasma following intravenous injection and techniques have been 
developed that use only a single blood sample. Approaches have also 
been developed that rely on imaging the isotopic activity over the 
kidney at time points following injections, although these are typ- 
ically less accurate than those that rely on the clearance approach. 

Given the difficulties involved for patients with all of the above 
techniques, approaches have been sought that use information 
about an individual patient to estimate GFR based on their plasma 
creatinine level. Creatinine is produced by muscle and muscle mass 
and creatinine production depend on a variety of factors including 
age, gender, and ethnicity. By taking these factors into account it is 
possible to improve the extent to which creatinine can be used to 
estimate renal function. A variety of algorithms have been produced 
to do this including the Cockcroft-Gault, the MDRD (modification 
of diet in renal disease) and the newer CKD-EPI (chronic kidney 
disease-epidemiology collaboration) algorithms. The MDRD algo- 
rithm has been widely adopted for routine reporting of eGFR (esti- 
mated GFR). The different stages of CKD (chronic kidney disease) 
are differentiated primarily on the basis of eGFR estimation. 

The integrity of the filtration membrane is assessed in clinical 
practice by the analysis of the protein content of urine. Levels are 
normally low, but early damage to the filtration membrane results 
in micro-albuminuria and late damage results in substantial more 
generalized proteinuria. 


Proteinuria 


The level of proteinuria is strongly correlated with the rate of deteri- 
oration of renal function and so with progression to end stage 
renal disease and the requirement for renal replacement therapy. 
Proteinuria has traditionally been assessed using 24-hour urine 
collections, but results of spot urine protein:creatinine ratios cor- 
relate well with outcome. Urine albumin:creatinine ratios are used, 
especially in the monitoring of diabetes mellitus and have high sen- 
sitivity for early renal damage. 


Tubular function 


Detailed assessment of tubular function is seldom formally 
assessed, even by nephrologists, but tubular dysfunction can arise 
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as a consequence of a range of renal disorders. Tubular dysfunc- 
tion may be indicated by electrolyte abnormalities or as inadequate 
bicarbonate reabsorption which results in renal tubular acidosis. 


Conclusion 


Kidneys are complex organs and play a wide range of homeo- 
static roles. Disturbances of kidney function result in many diverse 
effects which can be understood in the light of these roles. Renal 
function is central to the normal control of extracellular fluid vol- 
ume and composition. As well as being important effector organs, 
the kidneys also regulate other body functions and are key endo- 
crine organs. Kidneys require a substantial blood flow and adequate 
blood pressure to sustain glomerular filtration and to supply the 
metabolic needs that arise from tubular activity, especially tubular 
reabsorption. There has been substantial progress in understanding 
renal function and this provides a firm platform for rational clinical 
management of clinical disorders involving the kidneys. 
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CHAPTER 9.2 


Acute kidney injury 


Edward Sharples 


Definition of acute kidney injury 


Acute kidney injury (AKI) is now the consensus term for the syn- 
drome characterized by a significant decline in renal excretory 
function that occurs over a period of hours or days. It is typically 
diagnosed by the accumulation of end products of nitrogen metab- 
olism or with oliguria, which is a frequent sign although not invari- 
able, or both. 

There have been a number of labels and terms used, but in the last 
couple of years a more rigorous approach towards a definition has led 
to the general uptake of two classifications—the Risk Injury Failure 
Loss and End-Stage Kidney Disease (RIFLE) classification of the 
Acute Dialysis Quality Initiative (ADQI) and the more recent AKI 
staging system (Table 9.2.1) derived from this by the Acute Kidney 
Injury Network (AKIN). There is a great deal of overlap between 
these two systems, but they have served the purpose of emphasizing 
that acute changes in renal function that lead to small changes in 
serum creatinine are associated with poorer patient outcome. 


Epidemiology of acute kidney injury 


The true incidence of AKI is difficult to determine from published 
reports, and estimates vary greatly depending on clinical setting, 


Table 9.2.1 Acute kidney injury defined by the RIFLE criteria and AKI stage 


demographics of the patient population and, in particular, the def- 
inition of renal insufficiency utilized. Four large studies from the 
United Kingdom between 2001 and 2005 reported that the incidence 
of severe AKI in adults (creatinine >500 umol/l) was between 202 
and 746 per million population per year. AKI is common in hos- 
pitalized patients. A large American study demonstrated an overall 
incidence of AKI of 5% in a hospitalized population, using a defin- 
ition of AKI as an increase in serum creatinine of >44 umol/L (0.5 
mg/dl) above the measured baseline value. AKI was associated with 
decreased renal perfusion (42%) or major surgery (18%) in the 
majority of cases. The major predictors of poor prognosis included 
a reduced urine output (<400 mL/ 24 hr). The use of more stringent 
RIFLE classification has reduced the observed incidence of AKI. 
Data from the National Hospital Discharge survey, a nationally col- 
lected sample of approximately 330,000 inpatient admissions from 
500 hospitals in the USA, demonstrated a 1.9% incidence of AKI in 
hospitalized patients. Patients with AKI were more likely to have the 
sepsis syndrome or other non-renal acute organ system dysfunction. 
Elderly patients are at higher risk of developing AKI, with increased 
risk of end-stage renal failure and death. The incidence of AKI in 
a large UK study rose from 17 per million in those under 50 years 
of age to 949 per million in those aged between 80 and 90. More 
severe AKI requiring dialysis treatment is increasing in incidence, 


Criteria or stage Urine output Serum creatinine GFR 

RIFLE criteria 

Risk <0.5 mL/kg body weight per hour for 6 hours 1.5-fold increase 25% decrease 
Injury <0.5 mL/kg body weight per hour for 12 hours 2-fold increase 50% decrease 
Failure <0.5 mL/kg body weight per hour for 24 hours; or anuria for 12 hours 3-fold increase 75% decrease 
Loss Complete loss of kidney function >4 weeks 


End-stage renal disease Complete loss of kidney function >12 weeks 


AKI stage 

| <0.5 mL/kg body weight per hour for 6 hours ncrease >0.3 mg/dl (26 umol/L) or 1.5-2-fold increase 
2 <0.5 mL/kg body weight per hour for 12 hours 2-3 fold increase 

3 <0.3 mL/kg body weight for 24 hrs or anuria for 12 hr ncrease to >4 mg/dl (354 umol/L) with acute increase 


>0.5 mg/dl (44 umol/L) or >3-fold increase 


RIFLE criteria adapted from R Bellomo et al, ‘Acute renal failure—definition, outcome measures, animal models, fluid therapy and information technology needs: the Second International 
Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group; Critical Care, Volume 8, Issue 4, pp. R204—R212, Copyright © 2004 Bellomo et al; licensee BioMed Central Ltd, 
DOI:10.1186/cc2872. This isan Open Access article: verbatim copying and redistribution of this article are permitted in all media for any purpose. AKI stage adapted from RL Mehta et al, 
‘Acute kidney injury network: report of an initiative to improve outcomes in acute kidney injury, Critical Care, Volume 11, Issue 2, R31, Copyright © 2007 Mehta et al,; licensee BioMed 
Central Ltd, DOI:10.1186/cc5713. Reproduced under the Creative Commons Attribution 2.0 Generic Licence (CC BY 2.0). Source: data from ‘American Society of Nephrology Renal 
Research Report’ Journal of the American Society of Nephrology, Volume 16, Number 7, pp. 1886-1903, Copyright © 2005 by the American Society of Nephrology. 


particularly in the elderly, with a large population study in the US 
demonstrating an increase from 2002 with cases of 200 per million 
patient years increasing to over 500 per million patient years in 2010. 

The severity of kidney injury may determine the natural his- 
tory and patient outcome in AKI. Large population studies can 
only show an association between AKI and mortality, especially 
in intensive therapy unit-based studies, because it is often part of 
the spectrum of multiple organ failure. However, published obser- 
vational studies have demonstrated a consistently elevated relative 
risk associated with AKI despite full adjustment for co-morbid 
conditions and severity of illness. This increased relative risk of 
death associated with small changes in serum creatinine (consist- 
ent with AKI stage 1) was shown in a large heterogeneous cohort of 
patients, in a study of 19,201 admissions to a large urban hospital. 
This demonstrated that even a 50% increase in serum creatinine 
above baseline was associated with an increased mortality adjusted 
odds ratio of 5.8 (4.6-7.5), with similar increases (odds ratio 4.1 
(3.1-5.5) in mortality observed in patients with AKI stage 1 (28 
umol/L (0.3 mg/dl) increase in serum creatinine). 

The question is why is even relatively mild AKI associated with 
high mortality? Firstly, the observed increase in mortality may be only 
indirectly related to AKI, as the risk factors for developing AKI are also 
well-known risk factors for cardiovascular disease and mortality, and 
AKI occurs much more commonly in those with higher co-morbidity, 
including pre-existing renal impairment. Patients with relatively early 
stage chronic kidney disease (CKD) (eGFR 30-45 mL/min) have a 5- 
fold increased odds ratio of AKI when compared to matched controls. 
Moreover, the increase in mortality associated with even quite small 
changes in renal function may be related to the distant systemic effects 
of hypovolaemia and ischaemia on other organ systems. Models of 
AKI have shown induction of a more general systemic inflammatory 
response, with apoptotic cell death in the myocardium and changes in 
cardiac function, vascular dysfunction, and neutrophil aggregation in 
the lungs with associated inflammation. 


Causes of acute kidney injury 


There are many possible causes of acute kidney injury (Table 9.2.2), 
but in any clinical context few of these are likely to require consider- 
ation. The frequency of a particular cause of AKI will vary depend- 
ing on the population studied. Shock, with a sustained impairment 


Table 9.2.2 Causes of AKI established in all cases (748) admitted to 13 
tertiary care hospitals in Madrid, Spain, over a nine-month period 


Cause Proportion of patients (%) 
Acute tubular necrosis 45 
Pre-renal shock 21 
Acute on chronic renal failure 13 
Urinary tract obstruction 10 
Glomerulonephritis/vasculitis 4 
Acute interstitial nephritis 2 
Atheroemboli 1 


Adapted by permission from Macmillan Publishers Ltd: Kidney International, Liano F and 
Pascual J, ‘Epidemiology of acute renal failure: a prospective multicentre, community based 
study. Madrid Acute Renal Failure Study group, Volume 50, Issue 3, pp 811-18, Copyright 
©1996, Rights Managed by Nature Publishing Group. 


CHAPTER 9.2 ACUTE KIDNEY INJURY 


of renal perfusion, is the most common factor that predisposes 
patients to ischaemia-induced tubular injury, and is implicated in 
approximately 70% of community acquired AKI, and 40% of hos- 
pital-related events. Intrinsic renal disease, including rapidly pro- 
gressive glomerulonephritis and interstitial nephritis accounts for 
10% of cases of AKI. Urinary obstruction typically accounts for 25% 
or more of cases of acute impairment of renal function. Hospital 
acquired cases are more often multifactorial, with an accumulation 
of multiple acute insults, including exposure to nephrotoxic agents 
such as radiocontrast agents, treatment with non-steroidal anti- 
inflammatory drugs (NSAIDs), and infection, often in the presence 
of co-morbidities including cardiac dysfunction and diabetes. 


Clinical approach to the patient with acute 
kidney injury 
Diagnosis of acute kidney injury 


A high clinical index of suspicion is essential to diagnose AKI, ideally 
at an early stage in its development. The consequences of reduced 
renal function, especially the accumulation of fluid, electrolytes, acid, 
and uraemic waste products, that cause the symptoms and signs asso- 
ciated with AKI are rarely apparent until late in the course of AKI. 
Furthermore, the signs may not be specific, as for example, hyper- 
kalaemia may cause cardiac arrest before any symptoms. All patients 
admitted to hospital with acute illness, or for elective surgery, should 
be considered at risk for developing AKI. Those with pre-existing kid- 
ney disease are especially susceptible to acute exacerbations. This was 
highlighted in the UK NCEPOD report in 2009 ‘Acute Kidney Injury: 
Adding Insult to Injury, which recommended that all patients admit- 
ted as an emergency should have measurement of renal function, and 
that recognition of the acute deteriorating patient was essential to 
avoid hospital acquired AKI and the associated mortality. 

It is recognized that serum creatinine represents a poor 
biomarker—an acute decline in kidney function may not be 
reflected by a rise in serum creatinine for many hours. A num- 
ber of alternative biomarkers, which respond either specifically to 
renal injury or to a small decline in glomerular filtration rate (GFR) 
have been researched, and include neutrophil gelatinase associated 
lipoprotein, kidney injury molecule-1 (KIM-1), interleukin-18, 
and cystatin C. Changes in these biomarkers have been shown to 
predict AKI following cardiac or vascular surgery. Further work is 
required however before they can replace the use of serum creatin- 
ine in diagnosis of AKI. 

The initial assessment of the patient with suspected acute kidney 
injury aims to determine whether the kidney dysfunction is acute, 
whether urinary obstruction is a possibility, and the likelihood of 
an inflammatory systemic condition. It is extremely important that 
a diagnosis of obstruction should not be missed, since most cases 
are readily treatable and delayed diagnosis and intervention may 
lead to permanent kidney damage. Initial assessment could include 
careful history and examination, evaluation of the urine for blood 
and protein, casts or signs of an inflammatory renal lesion, and 
ultrasound as first-line investigation to exclude obstruction. 


Specific causes of acute kidney injury 


Pre-renal and ischaemic acute kidney injury 


The majority of cases of acute kidney injury are associated with 
renal hypoperfusion, where restoration of renal perfusion leads 
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to recovery, and used to be described as ‘acute tubular necrosis. 
AKI can follow any episode of severe circulatory failure, but often 
requires a prior compromising insult, such as cardiac failure, sep- 
sis, trauma, or major surgery. AKI is common after ruptured aortic 
aneurysm repair (20%) as compared to elective repair (3%), hepa- 
tobiliary surgery, cardiac surgery, pancreatitis and major burns 
(2-38%, depending on severity). The diagnosis of ischaemic AKI 
is based on the clinical situation, which often involves circulatory 
compromise, and exclusion of obstruction, or a renal inflamma- 
tory condition through appropriate imaging and investigations is 
required. 

In health, the kidneys receive 25% of cardiac output, but renal 
blood flow is not uniformly distributed within the renal paren- 
chyma, so that tissue perfusion and oxygen consumption are highly 
heterogeneous—resulting in areas susceptible to reduced oxygen 
tension. The anatomical arrangement of pre-glomerular arterial 
and corresponding post-capillary venous vessels which is necessary 
for the counter-current mechanism necessary for urinary concen- 
tration and dilution lead to the arterio-venous shunting of oxy- 
gen and areas of hypoxia. The kidney maintains GFR through the 
physiological autoregulation of glomerular blood flow in the face 
of haemodynamic compromise, but prolonged or severe ischae- 
mic insults, alone or in synergistic combination with nephrotox- 
ins, overcome these autoregulatory mechanisms, in part through 
failure to increase post-glomerular vascular resistance. This loss 
of perfusion initiates epithelial and vascular cell injury, resulting 
in an extremely rapid decrease in GFR, which has been appropri- 
ately referred to as the initiation phase of AKI. A variety of mecha- 
nisms of cellular injury are initiated, included calcium influx, ATP 
depletion, cytokine, and toll-like receptor activation, leading to 
both programmed cell death, apoptosis, and necrosis with associ- 
ated local inflammatory reaction. Chemokines released by injury 
cells and necrotic areas lead to the infiltration of leukocytes and 
increased inflammation. 

Restoration of haemodynamic stability and renal perfusion, initi- 
ates an immediate partial recovery of blood flow, or ‘reperfusion, fol- 
lowed by a profound and sustained reduction in capillary blood flow. 
There is evidence of retrograde flow in some vessels, and temporary 
loss of vessel patency. The pattern of glomerular microcirculation is 
similar to that of the peritubular capillaries; initial brief recovery of 
flow is followed by ‘no flow’ Restoration of flow in these capillary 
beds, however, is different. Glomerular circulation is re-established 
initially, while return of blood flow to peritubular capillaries is signifi- 
cantly delayed. This period of ischaemia is associated with endothelial 
and epithelial cell death through apoptosis, and sometimes necrosis. 

The initiation phase is immediately followed by the extension 
phase, in which multiple interrelated events dependent on altered 
vascular function lead to worsening of epithelial and endothelial 
cell injury and subsequent cell death, primarily in the cortico- 
medullary region of the kidney. Established ischaemic AKI is asso- 
ciated with a reduction in renal perfusion by 30-50%, and there 
is evidence of selective reduction in blood supply to the outer 
medulla. The maintenance phase represents a phase of stabiliza- 
tion of injury, and subsequent correcting events leading to cellu- 
lar repair, division, and re-differentiation. This sets the stage for 
improved epithelial and endothelial cell function and recovery of 
GFR during the recovery phase. Correction of the initiating insult 
with appropriate therapy during the early initiation and extension 
phases of AKI may limit the degree of cellular injury and hence the 


duration of the maintenance phase, allowing more rapid onset of 
the recovery phase and hence preservation of kidney function. 

Recovery from ischaemic AKI requires proliferation and differ- 
entiation of remaining surviving epithelium cells to repopulate the 
renal tubule structure. Although there is great interest in the role of 
circulating stem cells to this process, the majority of repopulating 
cells are locally derived, either from the epithelium, or local renal 
stem cell populations. Circulating mesenchymal stem cells may 
contribute to repair through paracrine mechanisms, through secre- 
tion of cytokines and growth factors. 


Nephrotoxins 


A wide variety of agents, including many therapeutically pre- 
scribed drugs, can cause acute kidney injury (Box 9.2.1). Certain 
drugs are particularly common in the management of patients in 
the intensive care or perioperative setting. Gentamicin is nephro- 
toxic, and the risk of AKI is increased by age, pre-existing CKD or 
AKI, high dosage or prolonged treatment, and when administra- 
tion occurs in combination with other nephrotoxins. The typical 
picture is the development of non-oliguric AKI coming on after 
one week of treatment. The urine analysis shows proteinuria and 
hyaline casts. A proximal tubular defect with Fanconi syndrome, 
hypocalcaemia and hypokalaemia can complicate AKI. The risk of 
nephrotoxicity can be reduced by ensuring the patient is not vol- 
ume depleted, using a one-daily dosing regime, adjusting the dose 
according to renal function and routine monitoring of drug levels 
to aid prescribing. 


Box 9.2.1 Nephrotoxins that can cause acute kidney injury 


+ Antibiotics 
e Aminoglycosides 
e Tetracyclines 
e Amphoteracin 
e Pentamidine 
e Vancomycin 
+ Iodinated radiocontrast media 
+ Anaesthetic agents 
e Methoxyflurane 
e Enflurane 
+ Chemotherapeutic agents 
e Cicylosporin 
e Cisplatinium compounds 
e Methrotrexate 
e Organic solvents 
e Ethylene gycol 
+ Non-steroidal anti-inflammatory drugs 
e Ibuprofen 


e Diclofenac 


e Indomethacin 


Contrast media 


The incidence of AKI associated with the use of iodinated radio- 
contrast media varies greatly in the literature (0-50%). This vari- 
ability probably reflects the differences in standard risk factors in 
the populations under examination, and the definition of AKI used. 
Risk factors known to be associated with a higher risk of contrast 
induced AKI are pre-existing CKD, diabetes mellitus, myeloma, vol- 
ume depletion, and the incidence varies with the type of procedure 
and the volume of contrast administered. AKI typically develops 
24-48 hours following the examination, is usually mild and recov- 
ery often is observed with five to seven days. Dialysis requiring AKI 
is relatively uncommon, and again generally reflects the overall risk 
burden of the patient rather than the contrast load in isolation. 


Glomerulonephritis and vasculitis causes 


A large number of glomerulonephritic and vasculitic causes can 
cause AKI, sometimes in association with pulmonary haemorrhage. 
They make up only 5-10% of cases of AKI, but early recognition 
and correct management is essential because of the management 
required. 

As part of the initial assessment of the patient with AKI, the 
history and examination should consider the systemic symptoms 
and signs of vasculitis. Dipstick testing of the urine for blood and 
protein, and microscopy to look for the presence of red cell casts 
are required. Serological tests including measurement of anti- 
neutrophil cytoplasmic antibodies are usually positive in AKI 
associated with a rapidly progressive glomerulonephritis, and renal 
biopsy is the gold standard procedure to determine extent and 
severity of disease. 


Obstructive nephropathy 


Obstructive nephropathy can manifest as either a sudden or an 
insidious decline in renal function, which can be halted or even 
reversed by relief of obstruction; hence obstructive nephropathy 
is a potentially curable cause of AKI. Obstruction can be due to 
an anatomical or functional abnormality of the urethra, bladder, 
ureter, or renal pelvis, which may be congenital or acquired, and it 
can also be a consequence of diseases extrinsic to the urinary tract. 
Although dilatation of the outflow system proximal to the site of 
obstruction is a characteristic finding, widening of the ureter and 
pelvicalyceal system does not necessary indicate the presence of 
obstruction, and flow may be obstructed without such dilatation 
being present. 

It is clear that complete or prolonged partial urinary tract obstruc- 
tion can lead to tubular atrophy and eventually irreversible renal 
injury. The renal prognosis after relief of urinary tract obstruction 
is dependent upon the severity and duration of the obstruction. 
With total ureteral obstruction, for example, there is evidence that 
relatively complete recovery of GFR can be achieved within one 
week, while little or no recovery occurs after 12 weeks. In addition 
to the persistent reduction in GFR, tubular function may also be 
impaired by chronic obstruction. This may be manifested by poly- 
uria due to decreased concentrating ability, because of decreased 
expression of water channels, mild sodium wasting, and by distal 
renal tubular acidosis with hyperkalaemia due to diminished distal 
hydrogen and potassium secretion. 

Following the onset of obstruction, there is an initial increase in 
pressure proximal to the obstruction due to continued glomerular 
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filtration. This rise in pressure is eventually responsible for the 
dilatation of the collecting systems that can be detected by renal 
ultrasonography or computed tomography (CT) scanning. The ele- 
vation in pressure is also transmitted back to the proximal tubule, 
lowering the GFR by counteracting the high intraglomerular pres- 
sure that normally drives glomerular filtration. However, the rise 
in intratubular pressure induces secondary renal vasoconstriction, 
resulting in a reduction in glomerular blood flow. This response is 
regulated locally by individual obstructed nephrons and is medi- 
ated in part by the release of angiotensin II and thromboxanes. The 
net effect is that the chronic reduction in GFR is due primarily to 
the decrease in renal perfusion, added to later by tubular atrophy 
induced by ischaemia and inflammation. The injury that is inde- 
pendent of pressure may be due both to ischaemia and to the influx 
of inflammatory cells, which contribute to development of fibrosis 
and atrophy. 

Ultrasonography is used as first-line screening test to examine 
for urinary tract obstruction in patients with unexplained AKI. It 
has a high sensitivity and specificity, although approximately 5% 
of patients with obstruction will not have calyceal dilatation. In a 
patient with anuria or no other explanation for AKI and an appar- 
ently normal ultrasound appearance, unenhanced CT imaging is 
well-tolerated and more sensitive. 


General aspects of management of acute 
kidney injury 

The principle of management of established AKI is to treat or 
remove the precipitating factors, and maintain homeostasis while 
recovery takes place. Nutritional support should be started early 
and contain adequate calorie and protein intake. There is no evi- 
dence that specific renal nutritional interventions are useful or 
necessary, in contrast to chronic renal failure. 


Hyperkalaemia 


Hyperkalaemia is important in the context of acute kidney injury 
because it can cause cardiac arrthythmias and death. Patients may 
occasionally have symptoms of muscle weakness or paralysis, but 
the significance of these symptoms is rarely appreciated, and usu- 
ally there are no symptoms at all. Hyperkalaemia is associated with 
typical changes in the electrocardiogram, which if present occur 
progressively: 


(i) “Tenting’ of T waves 


(ii) Reduction in the size of P waves, increase in P-R interval, and 
widening of the QRS complex 


(iii) Disappearance of the P wave 
(iv) Irregular ‘sinusoidal’ elctrocardiogram (ECG) 
(v) Asystole 
Treatment of hyperkalaemia is described in Table 9.2.3. 


Pulmonary oedema 


The most serious complication of salt and water retention in 
AKI is the development of pulmonary oedema. This can often 
be iatrogenic, caused by continued intravenous infusion of flu- 
ids into patients with established AKI and oliguria. Examination 
reveals cyanosis, tachypnoea, widespread wheeze, and inspiratory 
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Table 9.2.3 Treatment of hyperkalaemia 


Treatment Comment 


(i) Intravenous calcium (10 mL of 10% calcium) gluconate, 
over 1 minute, repeated if required 


Treatment to be given immediately if hyperkalaemia is associated with ECG changes. Acts to 
stabilize cardiac membrane. Does not alter plasma potassium 


(ii) Intravenous insulin and glucose (10 units of rapidly acting 
insulin plus 50 mL 50% glucose, over 10 minutes) 


Insulin stimulates Na K ATPase in muscle and liver, thus mobilizing potassium into cells. Plasma 
potassium falls 1-2 mmol/l over 30-60 minutes. Monitor blood glucose 


(iii) Nebulized salbutamol (10-20 mg) 


Beta 2 agonists stimulate Na K ATPase in muscle and liver, thus driving potassium into cells. 
Induces tremor and tachycardia 


(iv) Intravenous bicarbonate (50-100 mL of 1.4% solution) 


Only to be used if severe acidosis in fluid deplete that merits treatment in its own right. large 
sodium load 


(v) Haemodialysis/haeomofltration 


Definitive management likely to be required except in rare cases where AKI resolves rapidly on 


medical therapy 


crepitations throughout the chest. Investigation demonstrates 
arterial hypoxaemia, and the chest radiograph shows widespread 
interstitial shadowing. The patient should be sat up and given oxy- 
gen by facemask. In some situations, the patient may respond to 
furosemide as a venodilator, but the definitive treatment is the 
removal of fluid by haemodialysis or haemofiltration. 


Bleeding 


In severe AKI, as with advanced CKD, the bleeding time is pro- 
longed, and this is in addition to any abnormality of haemostatis 
that be stimulataneously induced by the condition that precipitated 
AKI. The routine use of H,-receptor antagonists and an awareness 
about haemorrhage risk has reduced the risk of upper-gastrointes- 
tinal bleeding, a previously frequent and often occult occurrence 
in patients with AKI, particularly in an intensive care unit (ITU). 
Practical management of haemostasis should include review of 
the use of prophylactic or therapeutic anticoagulation, review of 
dose of subcutaneous anticoagulation, particularly low-molecular 
weight heparins, and maintenance of an adequate haemoglobin 
concentration. 


Sepsis 

Overwhelming septicaemia is a common cause of AKI. Sepsis 
may also be the precipitating factor in a patient who is either post- 
operative or has been resuscitated from major trauma. The clinical 
index of suspicion must be set very high—especially in a patient 
with AKI who appears to be deteriorating in any way. Care must be 
taken with the management of intravenous lines and urinary cath- 
eters, and unused or unnecessary ones should be removed. There 
should be a low threshold for repeating microbiological investi- 
gations, and review of antibiotic therapy. All infections should be 
treated promptly and aggressively, with the most appropriate anti- 
microbial agent, with intelligent therapy based on the results of 
investigations and regular cultures. 


Renal replacement therapy 


In the absence of effective pharmacological therapies for AKI, the 
care of the patient with AKI is limited to supportive management, 
in which renal replacement therapy plays an essential role. Multiple 
modalities of renal replacement therapy (RRT) are available, 
including intermittent haemodialysis (IHD), continuous replace- 
ment therapies, and hybrid techniques such as slow low-efficiency 


dialysis (SLED). Despite these varied techniques, mortality in 
patients with AKI remain high, greater than 50% in severely ill 
patients. The main indications for initiation of RRT include severe 
volume overload, hyperkalaemia, metabolic acidosis, and overt 
uraemic manifestations such as pericarditis. 

Although progress has been made with regard to renal replacement 
therapy prescription through large randomized controlled trials, the 
optimal timing of initiation of RRT and the preferred modality of 
therapy remains controversial. Two recent large studies have exam- 
ined the role of early initiation of RRT in renal and patient outcomes. 
The PICARD study showed that there was an increased risk of death 
at 60 days for those patients who began on dialysis with high blood 
urea levels (>76 mg/dl). The BEST kidney study compared outcomes 
for patients with AKI in intensive care units with early or late initi- 
ation of dialysis. Patients were eligible for the trial if they presented 
with AKI defined as a BUN >84 mg/dl or a urine output <200 mL 
over 12 hours. Patients in the late group had a higher rate of dia- 
lysis dependence at hospital discharge, and longer inpatient stays. 
Overall, there was lower mortality in the early initiation group, and 
there was a correlation between length of stay on ITU prior to RRT 
and outcome. An analysis of RRT for AKI associated with cardiac 
surgery demonstrated higher survival in patients in whom continu- 
ous therapy was initiated in response to reduced urine output, when 
compared to patients in whom it was commenced only on reaching 
biochemical parameter threshold measurement. 

Several observational studies have demonstrated an asso- 
ciation between the severity of fluid overload at the time of 
initiation of RRT and mortality. Although fluid overload may 
contribute to organ dysfunction and contribute to mortality 
risk, the results of these observational studies cannot prove a 
causal relationship. 

There is a paucity of high-quality evidence to demonstrate clinical 
superiority of either IHD or continuous therapies. The majority of 
studies comparing continuous renal replacement therapy (CRRT) 
and IHD have been observation or retrospective case series. After 
adjustment for severity of illness, there is no survival benefit asso- 
ciated with continuous therapy. Randomized controlled trials in 
an intensive care setting have also not demonstrated a benefit. 
The HemoDiafe study, a prospective multicentre study, randomly 
assigned 360 patients with AKI to IHD or CRRT. At 60 days, sur- 
vival in both groups was similar, and both therapies were associated 
with similar rates of hypotension. 


In summary, the initiation of RRT, by whichever technique is 
most suited to the individual patient circumstances, should occur 
prior to the development of overt symptoms and signs of renal fail- 
ure, such as advanced uraemic encephalopathy. There is not, how- 
ever, consensus of the threshold biochemical changes associated 
with AKI that are definitive markers for initiation. Volume status, 
and early signs of fluid overload may necessitate an earlier start to 
RRT than is merited by biochemical changes, and appropriate man- 
agement of fluid replacement and nutrition are essential to renal 
recovery and minimization of AKI associated mortality. 


Prognosis 


Mortality from AKI remains high, particularly in the critically ill 
patient, in whom mortality was 53% in the large acute tubular necro- 
sis (ATN) trial, and 44.7% in the RENAL trial of renal replacement 
therapies in intensive care. Several large epidemiology studies show 
that the mortality of AKI outside the intensive care setting is slowly 
reducing, but still remains close to 25% for a single episode of dia- 
lysis requiring AKI. AKI is also linked with a higher risk of CKD, 
development of end-stage renal failure and hence mortality. This sug- 
gests that even a short episode of AKI might contribute to long-term 
morbidity and mortality. The patients at higher risk for AKI are not 
surprisingly those with established classic risk factors for CKD and 
cardiovascular mortality. Early identification, careful and immacu- 
late management and ideally the prevention of more severe stages of 
AKI must be the overwhelming priority in the management of these 
patients during medical illness or in the perioperative period. 
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CHAPTER 9.3 


Chronic kidney disease 


and dialysis 


Richard J. Haynes and James A. Gilbert 


Introduction to chronic kidney disease 


Chronic kidney disease (CKD) has replaced chronic renal failure 
as the term used to describe persistent (often progressive) kidney 
damage with or without a reduction in renal function. Glomerular 
filtration rate (GFR) is the standard measure of renal function and 
is usually estimated with equations based on serum creatinine con- 
centration, age, sex, and other variables depending on the equation. 
Estimated GFR (eGFR) is a measure of the excretory function of the 
kidney, but the kidney also regulates blood pressure, red blood cell 
production, acid-base balance, and mineral bone metabolism. CKD 
when complicated by reduced renal function is therefore character- 
ized by disturbances in a wide variety of basic physiological functions. 


Definition 


CKD is defined as ‘kidney damage or GFR <60 mL/min/1.73m? 
for three months or more, irrespective of the cause.! Kidney dam- 
age can be demonstrated by abnormal urinary constituents (pro- 
teinuria and/or haematuria), imaging (e.g. parenchymal scarring 
or cysts) or by histological examination of kidney tissue usually 
obtained by biopsy. A staging system was introduced in 2002 that 
was updated in 2012 and stages CKD by cause, eGFR and albumin- 
uria (Table 9.3.1).2 

All routinely-used formulae used to estimate GFR are based 
on serum creatinine concentration and are unreliable when renal 
function is normal or near-normal (as it is in the vast majority 
of people). Creatinine is a convenient but imperfect marker of 
renal function as the concentration is altered by diet (high-pro- 
tein diets may increase creatinine) and drugs that alter creatin- 
ine secretion. End-stage renal disease (ESRD) is defined as eGFR 
<15 mL/min/1.73m? (i.e. stage 5 CKD) or treatment with dialysis 
or transplantation. 


Aetiology 


CKD is not a diagnosis in itself and the first consideration once 
CKD is recognized is to consider the underlying cause. These can be 
divided (like causes of acute renal failure) into pre-renal, renal, and 
post-renal causes (see Table 9.3.2). The cause of CKD is not actively 
pursued in most patients so the hierarchy of causative diseases has 
not been described. However, national registries of patients receiv- 
ing renal replacement treatment (RRT) provide information of the 
causes of CKD that reach ESRD (which may differ from those that 


Table 9.3.1 Classification of chronic kidney disease (CKD) based 
on glomerular filtration rate (GFR) based on Kidney Disease Improving 
Global Outcomes (KDIGO) guidelines 


Albuminuria category 


Al A2 A3 
GFR GFR (mL/ <3mg/mmol 3-30mg/mmol >30 mg/mmol 
category min/1.73 m?) 
G1 290 
G2 60-89 
G3a 30-44 
G3b 
G4 15229 
G5 <15 


Source: data from Kidney Disease: Improving Global Outcomes (KDIGO), KDIGO 2012 
Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease, 
Kidney International Supplement, Volume 3, Issue 1, pp. 1-150, Copyright © 2013 KDIGO, 


cause earlier CKD) due to ‘survivor bias’ (i.e. some causes may be 
associated with an increased risk of death prior to ESRD so have a 
lower prevalence in patients receiving RRT). Table 9.3.3 shows the 
estimates of the primary cause of ESRD in the incident RRT popu- 
lations in 2008 in three different developed countries. 

There are marked geographic variations in the cause of ESRD 
within Europe: more than 80% of patients with ESRD in Finland 
are classified as having chronic glomerulonephritis (compared to 
12% in the United Kingdom). Amyloidosis is very common in the 
Mediterranean where it accounts for 30% of ESRD. Even within 
countries there can be marked racial differences: diabetic neph- 
ropathy is about 30% more common among African and Hispanic 
Americans than Caucasians. 


Epidemiology 

The incidence and prevalence of CKD are impossible to assess 
accurately because CKD is usually asymptomatic. The National 
Health and Nutrition Examination Survey (NHANES) in America 
has estimated the prevalence of the CKD stages 1, 2, 3, 4, and 5 
(combined) to be 3.2%, 4.1%, 7.8%, and 0.5%, respectively (or 


Table 9.3.2 Identifiable causes of chronic kidney disease 


Common Less common 
Pre-renal Renal arterial disease 
Renal Glomerular disease Glomerular disease 
Diabetic nephropathy Amyloidosis 
gA nephropathy Vasculitis 
Focal segmental Haemolyticuraemic 
glomerulosclerosis syndrome 
Tubulointerstitial disease Tubulointerstitial disease 
Reflux nephropathy Myeloma 
Polycystic kidney disease Analgesic nephropathy 
Post-renal Obstruction Obstruction 
Prostatic Retroperitoneal fibrosis 


15.6% overall). It is more common (as currently defined) in the eld- 
erly (odds ratio [OR] of about 6 for 60+ years versus <40 years), 
females (OR 1.5), ethnic minorities (OR 1.2) and in people with 
diabetes (OR 2.5), hypertension (OR 1.8), and cardiovascular dis- 
ease (OR 2).3 

Other studies have used albuminuria as a marker of kid- 
ney disease; this is again controversial when microalbuminuria 
(i.e. 30-300 mg/day) is assumed to indicate structural kidney dis- 
ease. The PREVEND study in Groningen, Netherlands found a 
prevalence of microalbuminuria of 7.2% but only 0.7% for macroal- 
buminuria (i.e. >300 mg/day) in the 8,000 people who responded to 
their request for a urine sample.* 

In the United Kingdom, the NEOERICA project analysed 
routinely-collected renal function results of over 130,000 individu- 
als and found the age-standardized prevalence of CKD stages 3-5 
to be 10.6% in females and 5.8% in males. Whereas such CKD was 
uncommon in those younger than 45 years, the prevalence rose 
steeply with age to over 40% in men and women aged over 83.° 
However, this survey did not apply the three month chronicity cri- 
terion (i.e. it was based on single measurements) so it overestimated 
the prevalence of CKD. In comparison, data from an American 


Table 9.3.3 Cause of end-stage renal disease: estimates 
from three national registries 


Cause of ESRD UK USA Australia 
Diabetes 24% 44% 34% 
Glomerulonephritis 12% 7% 22% 
Polycystic disease 7% 2% 6% 
Hypertension 6% 28% 15% 
Renovascular 7% $ t 
Pyelonephritis 8% $ 3% 
Other 15% 15% 12% 
Unknown 21% 4% 8% 


*included in the ‘other’ category for that country. 
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healthcare organization using a more stringent definition of CKD 
found the prevalence of CKD (stages 1-5) to be 2.16%.6 


Pathology and pathogenesis 


CKD classically progresses by two main mechanisms: those of the 
primary kidney disease and those of non-specific injury. Clearly 
those of the primary kidney disease are disease-specific, whereas 
‘natural progression describes a common pathophysiological 
course once the initial insult has occurred. All chronic renal dis- 
eases cause a loss of functioning nephrons (the functional unit of 
the kidney). The remaining nephrons then compensate by increas- 
ing their intraglomerular pressure which allows ‘hyper-filtering’ 
to maintain GFR. However, the increased glomerular pressure is 
harmful and causes progressive endothelial injury, glomerular 
sclerosis, and eventually nephron loss. This is observed histologi- 
cally as glomeruli which are either segmentally or globally scler- 
osed. The circulation through the glomerulus is reduced causing 
the tubule derived from that glomerulus to atrophy from ischaemia. 
The progression of CKD therefore becomes largely independent of 
the initial insult and renal function declines in a linear fashion (if 
GFR or reciprocal creatinine is plotted against time; see Fig. 9.3.1 
for an example). 

Not all patients have such a classical linear loss of renal function. 
Some patients remain stable for some time, and others may progress 
slowly but have marked ‘step changes’ in their renal function which 
coincide with renal insults such as episodes of sepsis, hypotension 
or treatment with nephrotoxic agents such as non-steroidal anti- 
inflammatory drugs or iodinated contrast medium (see Fig. 9.3.1). 


Diagnosis 
As explained above, the diagnosis of CKD depends on persistent 


abnormalities in laboratory measures of kidney function and or 
evidence of injury. 


History 


Symptoms develop late in CKD and generally only when ESRD is 
imminent (<20% of kidney function). However, a history of noc- 
turia is a useful and reliable guide to the chronicity (see section on 
differential diagnosis below). A history of recurrent urinary tract 
infections in early childhood and/or enuresis may suggest reflux 
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Fig. 9.3.1 Examples of progression of CKD. Line 1 (green) demonstrates the 
classical linear decline in GFR (or 1/Cr) with time. Line 2 (blue) demonstrates 
step-wise progression and line 3 (red) demonstrates stable kidney function. Line 4 
(dashed green) demonstrates acute-on-chronic renal failure. 
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nephropathy as the cause of CKD. A careful systematic review is 
required to elicit pointers to systemic diseases such as diabetes or 
vasculitis. The drug history should be checked (including ‘over the 
counter’ medications such as analgesia or herbal remedies) and 
the social history should check for occupational exposures such as 
lead or hydrocarbons. A positive family history may suggest poly- 
cystic kidney disease, Alport’s Syndrome, or other heritable causes 
of CKD. 

Symptoms of uraemia include itching, muscle cramps, anorexia, 
nausea, and cognitive impairment or confusion. The presence of 
such symptoms—if attributable to CKD—is a relative indication 
that renal replacement therapy should be started. 


Examination 


A full physical examination is required including blood pressure 
measurement, abdominal examination looking for enlarged kid- 
neys, bruits, or a distended bladder, fundoscopy, and urinalysis. 
A careful assessment of the volume status is critical because hypo- 
volaemia may cause impaired renal function whereas hypervolae- 
mia is a complication of CKD. Peripheral pulses should be assessed 
for bruits as this may suggest the presence of renal arterial disease 
(either stenosis or a source of cholesterol emboli) which is an 
increasingly recognized cause of CKD and ESRD. 

Urinalysis is essential: the presence of significant proteinuria 
(22+) suggests a glomerular disease. Haematuria (i.e. the presence 
of red cells) on dipstick does not necessarily imply intrinsic renal 
disease, but if microscopy is available, dysmorphic red cells suggest 
glomerular bleeding (as does coexistent proteinuria). Casts may be 
seen with microscopy; the significance of these is outlined in Table 
9.3.4. 


Investigations 


Investigations are performed to identify the cause of CKD and to 
identify any complications (see below). Immunological tests (e.g. 
serum and urine electrophoresis, autoantibodies including antinu- 
clear and antineutrophil cytoplasm antibodies, complement levels, 
and viral serology) seldom identify an underlying cause of CKD, 
and are more helpful in acute kidney injury. They are performed 
to identify cases of indolent vasculitis, myeloma or primary (AL) 
amyloid. 

Ultrasound gives an indication of renal size and can exclude 
hydronephrosis. Normal-sized kidneys do not exclude CKD as 
renal size is often preserved in diabetic nephropathy, polycystic 
disease, and amyloidosis. 


Table 9.3.4 The significance of different types of cast seen in urine 
microscopy 


Type ofcast Cause 

Hyaline Normal finding. May be increased in proteinuria 

Granular Normal finding 

Fatty May be seen in nephrotic syndrome 

Waxy Large; may occur in CKD 

Red cell Indicate glomerular bleeding due to active glomerulonephritis 
White cell Suggest acute (usually bacterial) infection 


Differential diagnosis 


The main differential diagnosis of CKD is acute renal failure (or 
acute kidney injury [AKI] as it has become known more recently). 
The definitive distinction between these two entities is evidence of 
persistently impaired renal function (i.e. the presence of historical 
measurements of abnormal renal function). However, these may 
not always be available (and indeed CKD and AKI can overlap in 
cases of acute-on-chronic renal failure). 

There are no clinical, laboratory, or radiological tests that can 
100% reliably distinguish AKI from CKD. For example, anaemia 
(which is a complication of CKD) can develop rapidly in AKI; 
similarly, hyperphosphataemia and hypocalcaemia may occur in 
rhabdomyolysis as well as advanced CKD. Small kidneys on ultra- 
sound usually indicate chronicity but not invariably. The distinction 
therefore relies on the overall assessment of the patient (especially 
the history) and concerted effort to access any previous creatinine 
measurements. 


Management 
The management of a patient with suspected CKD includes: 
(i) To exclude AKI (or acute-on-chronic renal failure); 

(ii) To diagnose the cause of CKD and halt the pathology; 

(iii) To retard ‘natural progression’ of CKD; 

(iv) 

(v) To counsel the patient and prepare them for RRT (if appropri- 
ate) or palliative care. 


To identify and treat complications of CKD; 


The first two priorities are covered above. Retarding the progres- 
sion of kidney disease is essential in order to both delay the associ- 
ated complications (see section below) but also to delay the need 
for RRT. As discussed above, progression may be due to the under- 
lying kidney disease or to natural progression. 


Treating underlying kidney disease 


Removal or amelioration of the underlying kidney disease may 
slow the progression of kidney disease. However, it seldom halts 
it entirely if the vicious cycle of intraglomerular hypertension and 
hyperfiltration has been set in motion as these can continue inde- 
pendently of the initial insult. 

The history of treatments for primary renal diseases has been 
disappointing. Various immunosuppression strategies have been 
used for primary glomerulonephritides including membranous 
nephropathy, IgA disease, and focal segmental glomerular scler- 
osis. Renal artery stenosis is increasingly recognized as a cause of 
CKD in patients with other vascular disease, but trials of angio- 
plasty and stenting have been disappointing in showing no bene- 
fit in terms of long-term kidney function. Relief of urinary tract 
obstruction has obviously never been formally tested but is man- 
dated by the other potential complications of urinary stasis (includ- 
ing stones and infections). It is recognized that patients with CKD 
caused by obstruction that has been relieved progress slowly or 
not at all especially if they have not developed proteinuria indi- 
cating secondary glomerular damage. There is good evidence that 
strict blood glucose control is beneficial in early diabetic neph- 
ropathy so the development of this adds extra incentive to control 
blood sugars.” However, there is no evidence that tight glycaemic 


control delays the progession of established macroalbuminuric 
(>300 mg/day) diabetic nephropathy. 


Slowing natural (non-disease-related) progression 


The key intervention for slowing natural progression is blood pres- 
sure control. Higher levels of blood pressure are associated with 
more rapid decline in kidney function and randomized trials have 
demonstrated that stricter blood pressure control is more effective 
at slowing natural progression than standard treatment. Current 
guidelines recommend blood pressure to be <130/80 mmHg in 
patients with CKD. 

Inhibitors of the renin-angiotensin system (i.e. angiotensin con- 
verting enzyme inhibitors [ACEi] or angiotensin receptor blockers 
[ARBs]) are probably the first choice antihypertensive, especially if 
proteinuria is present.? ACEi and ARB therapy reduce proteinuria 
because of their renal haemodynamic effects: by reducing angio- 
tensin II they cause efferent arteriolar vasodilatation and hence 
reduce intraglomerular pressure. This reduces proteinuria, but also 
reduces GFR acutely. Therefore a moderate (up to 25%) reduction 
in GFR can be expected when ACEi or ARB are introduced. Care 
should therefore be taken when such therapy is started to check 
renal function shortly afterwards and to ensure any acute decline in 
GFR is not progressive or severe which may imply critical bilateral 
or single kidney renal artery stenosis (a rare but much feared condi- 
tion). However, once the acute decline has stabilized, the long-term 
benefits of the reduction in intraglomerular pressure accrue and if 
these treatments are introduced early enough in the course of CKD, 
the onset of ESRD can be delayed by many years (Fig. 9.3.2). 

The anti-proteinuric effect of ACEi or ARB therapy is augmented 
by sodium restriction and/or diuretic therapy. In the later stages 
of CKD sodium retention (and resultant intravascular volume 
expansion) contributes to hypertension and hence diuretic therapy 
(in relatively high doses) can reduce blood pressure successfully. 
Patients with CKD often need multiple agents to control blood 
pressure. However, there is little evidence to guide the choice of 
add-on therapy after ACEi or ARB treatment and diuretics. 

All patients should be advised to stop smoking (because smoking 
is associated with vascular disease and cancer) and avoid obesity. 
Certain medications have an adverse effect on renal haemodynam- 
ics and can precipitate acute-on-chronic renal failure (which may 
require dialysis and may not be reversible). The most common of 


A 
100 5 | 
& 804 
I 
= 607 
E 
a 
E 407 
oc 
we 
O 20-4 
0 T T T T T T T > 
0 1 2 3 4 5 6 7 
Time (years) 
Fig. 9.3.2 Benefits of ACEi or ARB therapy in proteinuric nephropathy. The green 
line shows the natural progression associated with proteinuric nephropathy. The 


red line shows the acute decline in GFR caused by the introduction of a ACEi 
treatment (arrow) followed by a reduction in the rate of progression. 
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these are non-steroid anti-inflammatory drugs (NSAIDs). Ideally 
these should be avoided altogether, especially once stage 4 CKD 
develops. Short courses in patients with earlier stages of CKD 
should be allowed (e.g. in patients with acute gout). 

Other drugs can also be nephrotoxic (e.g. gentamicin) and 
should be avoided or—if mandated—have their dose reduced. 
Iodinated contrast media are also nephrotoxic and the benefit of 
the extra information that contrast enhancement provides should 
be weighed against the risks of nephrotoxicity. The risk of nephro- 
toxicity can be reduced by ensuring the patient is well hydrated; 
other measures (e.g. N-acetyl-cysteine and sodium bicarbonate) 
are of less-clear benefit. Gadolinium-based magnetic resonance 
contrast media should also be considered carefully in advanced 
CKD due to the risk of nephrogenic systemic fibrosis (a disabling 
scleroderma-like condition which can be fatal). All medications 
should be reviewed to ensure that the dosing is appropriate for the 
level of renal function. 


Complications and their management 


CKD has numerous complications; the pathogenesis and manage- 
ment of the most common are outlined below. 


Cardiovascular disease 


Cardiovascular disease (CVD) is the single most common cause 
of death in patients with CKD (accounting for almost half of all 
mortality) and patients with late stage CKD (3B, 4 and 5) are at 
very high risk of cardiovascular events (e.g. a 40 year old dialysis 
patient has the same cardiovascular risk as an 80 year old patient 
without CKD). The reasons for this are multifactorial: there is both 
an increased burden of traditional risk factors (e.g. hypertension 
and diabetes) but also a constellation of novel risk factors (e.g. 
anaemia and mineral bone disease, see below). It appears that as 
CKD progresses, the associated CVD changes from typical ath- 
erosclerotic disease to a form of arterial stiffness accompanied by 
structural heart disease so that dialysis patients die of similar causes 
to patients with advanced heart failure. Reducing low-density lipo- 
protein (LDL) cholesterol has been shown to reduce atherosclerotic 
events and is therefore indicated in most patients with CKD.1!° 


Anaemia 


The kidneys (specifically interstitial fibroblasts) are the main 
source of erythropoietin. As CKD progresses, erythropoietin pro- 
duction declines, and anaemia develops. It typically manifests at 
or below a GFR of about 40 mL/min/1.73m? but the cause of CKD 
can modify this (it typically occurs earlier in diabetic nephrop- 
athy and later—if at all—in polycystic kidney disease). In addition, 
CKD confers a state of ‘functional iron deficiency’ in which the 
bone marrow is starved of iron because of inhibition by hepcidin 
of release of iron stores from the liver. Therefore the treatment of 
anaemia in CKD often involves iron repletion and supplemen- 
tation and erythropoietin replacement in the form of an ESA 
(erythropoiesis stimulating agent)."! 

Renal anaemia has been linked to both cardiovascular disease 
and progression of CKD. The avoidance of blood transfusion (with 
its attendant risks of viral infection and sensitization to human 
leukocyte antigen (HLA) antigens which prejudice future trans- 
plantation) and a possible improvement in quality of life are major 
indications for correction of anaemia with erythropoietin, but the 
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target haemoglobin is controversial as trials have suggested that 
attempts to normalize haemoglobin may be harmful.!* Current 
guidelines therefore suggest a target of 11-12 g/dL. 


Mineral bone disease 


CKD induces a complex disturbance in mineral bone metabolism 
which is incompletely understood. As GFR falls, the kidney’s ability 
to excrete the phosphate absorbed in the diet is exceeded and hence 
serum phosphate starts to rise. This—in conjunction with reducing 
renal la-hydroxylase activity (which converts 25-hydroxy-vitamin 
D to the highly active 1,25-dihydroxy-vitamin D)—leads to sec- 
ondary hyperparathyroidism. Homeostatic parathyroid hormone 
(PTH) secretion is stimulated by high phosphate concentrations, 
low concentrations of calcium and 1-25-dihydroxy-vitamin D all 
attempting to normalize plasma calcium and phosphate. This is 
referred to as the ‘trade-off hypothesis. Although these biochemical 
changes may be evident in the later phases of stage 3 CKD, symp- 
tomatic bone disease (i.e. with pain or pathological fractures) does 
not develop until patients have been on dialysis for many years. 
However in children it has a significant effect on bone growth, min- 
eralization, and maturation at earlier stages of CKD. 

Currently, hyperphosphataemia is treated by dietary restriction 
and—when this is insufficient or unsuccessful—dietary phos- 
phate binders which bind phosphate in the intestine and prevent 
is absorption. These may be calcium-based (e.g. calcium carbon- 
ate or acetate) or calcium-free (e.g. sevelamer or lanthanum). 
Hyperparathyroidism is treated with la-hydroxylated vitamin D 
initially. Calcimimetic agents (cinacalcet) which sensitize the cal- 
cium-sensing receptor on parathyroid tissue to the prevailing cal- 
cium concentration and thereby reduce PTH concentrations, have 
recently become available. If the hyperparathyroidism becomes 
autonomous (i.e. unresponsive to treatment) or the treatments 
have unacceptable side effects (e.g. hypercalcaemia from activated 
vitamin D) then surgical parathyroidectomy can be performed. All 
four parathyroid glands are removed so—if successful—patients 
have no detectable PTH following surgery. 


Acidosis 


As the kidneys are central to acid-base balance, a metabolic acid- 
osis develops as their function deteriorates. Although this may ini- 
tially have a normal anion gap, in the later stages it becomes a raised 
anion gap acidosis, due to the accumulation of acidic uraemic tox- 
ins. This acidosis can interact with other complications (e.g. worsen 
anaemia, mineral bone disease, and hyperkalaemia) and is treated 
with oral sodium bicarbonate which has to be taken four times a 
day. The sodium load of this treatment may worsen salt and water 
retention and hence hypertension—so acidosis is one indication for 
starting dialysis. However, a recent small randomized trial has sug- 
gested that bicarbonate supplementation may retard the progres- 
sion of CKD.!3 


Other 


CKD can also disturb the production, protein binding, catabolism, 
and tissue effects of other hormones. Plasma thyroxine levels may 
be low but this does not cause clinical hypothyroidism and thyroid- 
stimulating hormone remains a reliable diagnostic test. Insulin 
clearance is reduced, but this is counterbalanced by increased per- 
ipheral insulin resistance so again this is not clinically manifest. In 


men, hyperprolactinaemia and low testosterone levels may con- 
tribute to sexual dysfunction, including reduced fertility. Erectile 
dysfunction is also common and multifactorial, but often responds 
to phosphodiesterase type-5 inhibitors. In women with advanced 
CKD the menstrual cycle is impaired and cycles become irregular 
and anovulatory. 

CKD is also known to cause a neuropathy which typically starts 
with sensory loss, paraesthesiae, and insensitivity to temperature 
but may progress to motor loss. An autonomic neuropathy is also 
common which can cause postural hypotension and may contrib- 
ute to sudden cardiac death. 


End-stage renal disease 


Ina small group of patients with CKD (about 100 per million popu- 
lation per year in the UK) renal function declines to a level that is 
not sufficient to maintain health and RRT is required (or a deci- 
sion made to manage the symptoms conservatively). The options 
for RRT include dialysis or kidney transplantation. 


Dialysis 

Dialysis involves the removal of uraemic toxins, excess extracel- 
lular fluid and electrolytes (sodium and potassium) by artificial 
means. It requires the patient’s blood to be approximated to dialys- 
ate fluid (the composition of which can be modified according to 
the individual’s requirements) with a semi-permeable membrane 
in between. 

Haemodialysis involves an extracorporeal blood circuit and an 
artificial membrane. The pores in the membrane are large enough 
to allow most small uraemic toxin molecules across but small 
enough to ensure essential proteins (e.g. albumin) are not removed. 
Dialysate fluid is passed in the opposite direction on the other side 
of the membrane so a diffusive gradient is maintained leading to 
toxin removal into the dialysate. The transmembrane pressure can 
be increased to force extra fluid across the membrane allowing the 
extracellular volume to be controlled and toxins to be removed by 
filtration. 

The key element of successful haemodialysis is access to the 
patient's circulation. 


Vascular access for haemodialysis 


Access to the circulation is essential in many aspects of medicine. 
In most cases, vascular access is a temporary measure for deliv- 
ering fluids or drugs to the venous system or for removing small 
volumes of venous or arterial blood for analysis. Occasionally more 
specialized intravenous catheters are placed in central veins for 
longer-term nutritional support or for the administration of cyto- 
toxic drugs. By contrast haemodialysis for the patient with end- 
stage kidney disease requires the reliable withdrawal and return of 
blood to the circulation at high flow rates two to three times a week 
for many years. Such a process ideally requires the creation of an 
arteriovenous fistula (AVF) (Fig. 9.3.3). 

Construction of an AVF involves the conversion of an accessible 
vein to a high flow vessel from which blood can be rapidly removed 
and returned via two needles during a dialysis session. Veins are 
low-pressure, low resistance capacitance vessels. Their relative lack 
of elastic recoil compared to that seen in arteries allows them to 
progressively increase in size if high-pressure flow passes through 
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Fig. 9.3.3 Pictorial representation of left radiocephalic arteriovenous (AV) fistula. 


them. This is essentially what happens when an AVF is created. 
After a vein has been anastomosed onto an artery, high-pres- 
sure arterial flow passes into the low-pressure capacitance vein. 
The subsequent increased turbulent flow gives rise to a palpable 
thrill and an audible bruit within the AVE In addition, due to 
the capacitance nature of the vein, the fistula vein increases in 
size over time. It is this second feature that is crucial for needling 
and subsequent haemodialysis to take place. As a general rule, 
the fistula vein needs to be a minimum of 6 mm diameter and no 
more than 6 mm depth beneath the skin surface six weeks after 
creation of the fistula if needling is to be attempted and haemo- 
dialysis successful. 


Timing of access 


Given that there is a minimum of six weeks maturation time of a 
fistula from the point of its creation, the timing of fistula creation 
in relation to the predicted start of dialysis is critical. Permanent 
vascular access in the form of a fistula should be created well in 
advance to allow not only for maturation but also for further proce- 
dures should there be failure of the initial access procedure. Many 
guidelines exist regarding the timing of vascular access. In the US 
the NKF-DOQI guidelines!* recommend: 


+ Patients with GFR <30 mL/min should be educated on all modal- 
ities of RRT including transplantation 


+ A fistula should be placed at least six months before the antici- 
pated start of dialysis 


+ A new AVF should be allowed to mature for at least one month 
and preferably three to four months prior to cannulation 


+ Prosthetic grafts should be placed three to six weeks prior to the 
anticipated need for haemodialysis 


+ Never insert haemodialysis catheters until actually needed 


In the United Kingdom, the Renal Association! and the joint 
working party of the Renal Association, the Vascular Society of 
Great Britain and Ireland and the British Society of Interventional 
Radiology! have produced the following standards: 


+ 60% of all patients presenting within three months of dialysis 
should start haemodialysis on a useable AVF 


+ 80% of all prevalent haemodialysis patients should be dialysed 
using a native AVF 


+ No patient requiring dialysis should wait more than 4 weeks for 
fistula construction 
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+ Permanent access should be constructed 16 weeks and preferably 
6 months before anticipated need for dialysis 


+ Preservation of arm veins is critical and unnecessary venepunc- 
ture must be avoided 


The Vascular Access Society!” recommendations are very similar 
and as with those of NKF-DOQI and the Renal Association state 
that arm veins must be preserved and that the planning of access 
should commence when a patients GFR reaches 20-25 mL/min. 
Patients should see an access surgeon when the GFR is 15 mL/min 
so that access can be created 6-12 months in advance of dialysis (or 
even sooner if progression is very rapid). 

Emerging data suggest that AVF outcomes in terms of patency 
are significantly improved if access is constructed earlier rather 
than late on when the patient is on the brink of dialysis.!* It is 
unclear why this may be so but it has been suggested that worsen- 
ing uraemia affects vascular biology especially at the level of the 
AVF anastomosis. 1° 

Early referral and planning are critical to avoid poor outcomes, if 
the near end-stage patient is to successfully move to RRT particu- 
larly in the form of haemodialysis.?° 


Patient assessment 


When assessing patients for potential AVF a number of principles 
exist to increase the likelihood of a good outcome. 

There should always be an attempt to try and use autologous (the 
patients own) vein when constructing an AVF. This is because of 
the low infection rates and high patency rates associated with vein 
compared with a prosthetic graft. 

As a general rule fistula creation begins in the non-dominant 
arm and at the level of the wrist if possible. If a patient has visible 
upper limb cephalic veins that distend with a tourniquet and arter- 
ial pulses are easily palpable then it is reasonable to proceed with 
surgery without any further tests or imaging. All patients should 
have an Allen test performed to check for ulnar circulation. If there 
is concern regarding the quality of the radial or brachial pulse, or if 
a previous fistula has been created and has failed then a pre-opera- 
tive arterial duplex is required. If veins are poorly visible then a 
venous duplex in the presence of a tourniquet will also be required. 
Many centres routinely use pre-operative venous duplex to map 
all patients undergoing access creation although it appears that a 
selective policy is reasonable.?! There are higher rates of early fis- 
tula failure if the artery is less than 2 mm and/or the vein diameter 
is less than 2.5mm with a tourniquet.?”> Such findings are com- 
mon among older female and diabetic patients. 

Most access surgery can be done under local anaesthetic and in 
the day case setting. When patients require more complex access 
surgery regional blockade or general anaesthetic will be needed and 
patients often require a brief 24-48 hour in-hospital stay. This is 
certainly the case with creation of a transposition fistula or inser- 
tion of a prosthetic graft. 


Surgical options 

The radiocephalic AVF is the primary access procedure of choice if 
at all possible. It was first described by Brescia and Cimino in 1966 
and is constructed utilizing the cephalic vein and the radial artery 
at the level of the wrist. The fistula can be created under local anaes- 
thetic. A 3-4 cm longitudinal incision is made between the cephalic 
vein and radial artery just proximal to the flexor retinaculum of the 
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wrist. The vein is dissected out and divided distally. A dorsal slit is 
made in the vein to create a small hood and an end to side anasto- 
mosis with the artery is created. If the forearm cephalic vein is too 
small or non-existent or if there has been a previous failed attempt 
to create a radiocephalic fistula then a brachiocephalic AVF will be 
attempted. The procedure can also be done under local anaesthetic 
and in the day case setting. A transverse incision is made at the level 
of the antecubital fossa. The median cubital vein or cepahalic vein 
are dissected out and ligated as distally as possible. The vein is then 
swung medially across to the brachial artery where an end to side 
anastomosis is constructed. 

It is usually possible to construct a radiocephalic and/or a brachi- 
ocephalic fistula in the majority of patients. Even if it is not possible 
to do so in the non-dominant arm, one or both options are likely 
to exist in the dominant arm and therefore every attempt should be 
made to construct either fistula in both arms in all patients before 
considering more complex secondary access procedures. There 
will of course be patients in whom there is no cephalic vein option 
and with more and more patients going onto dialysis there are an 
increasing number of patients who exhaust primary access options 
fairly rapidly. In such patients it is common practice to consider 
utilization of the basilic vein or insertion of a prosthetic graft. 

The basilic vein lies in the medial aspect of the arm. It is rela- 
tively superficial in the forearm and if a good ulnar pulse exists than 
some surgeons will attempt to create an ulna-basilic AVF. Quite 
often however, it is the basilic vein in the upper arm that is utilized 
for fistula formation. The problem with the vein at this level is that 
it lies deep and has the median cutaneous nerves of the arm run- 
ning across it. This makes needling potentially difficult and patients 
struggle to hold their arms out in supination for the 4-hour dialysis 
period. As a result the basilic vein has somehow to be brought into 
a position whereby it is easily accessible for dialysis. Fully mobi- 
lizing the vein from the antecubital fossa to the level of the axilla 
and then tunnelling it superficially under the skin of the anterior 
surface of the arm can achieve this. The vein comes to lie adjacent 
to the brachial artery as a result of the tunnelling process where an 
anastomosis can be created. This so called brachio-basilic transpos- 
ition fistula provides an excellent autologous vein option in patients 
who will withstand a major upper limb operation and in whom all 
primary options have been exhausted. Some surgeons advocate 
this procedure in two stages and will look to do a primary brachio- 
basilic anastomosis under local anaesthetic and then secondarily 
transpose the arterialized vein at a later operation. The proced- 
ure ideally requires the patient to undergo a general anaesthetic. 
Such patients are invariable high anaesthetic risk and so regional 
blockade and sedation also enable the procedure to be successfully 
carried out. 

When there is no longer an autologous vein option it is stand- 
ard practice to consider a prosthetic graft for dialysis access. The 
principles of graft insertion are simple and involve ensuring there 
is a good inflow artery for take-off of the graft and a good out- 
flow vein on which to ‘land’ the graft. The common sites to place a 
graft are the forearm, the upper arm, and the leg. The graft may be 
straight or looped and may take a variety of anatomical configura- 
tions such as the radio-basilic and brachio-basilic in the forearm, 
the brachio-axillary in the upper arm or the femoro-femoral thigh 
loop. Most grafts are easy to establish and require a brief period of 
incorporation (two weeks) before they are needled for dialysis. The 
usual prosthetic material is polytetrafluroethylene (PTFE) although 


biological options are also available. Grafts are more prone to infec- 
tion and thrombosis however they are a more preferable option 
than a long-term haemodialysis catheter. They may also be the 
best option in the older, frailer renal patient, the obese patient, and 
those with limited life expectancy. 


Complications 


(i) Bleeding is relative uncommon after fistula creation and 
most bleeding that occurs is usually from the anastomotic 
line when clamps are removed. It usually settles or requires 
an extra suture. It is more likely to occur if intravenous 
heparin has been given and therefore its reversal may be 
required. If bleeding manifests as a postoperative haema- 
toma it may compress the anastomosis, prevent dilatation 
of the vein and lead to infection or more commonly throm- 
bosis of the fistula. Most significant haematomas should be 
evacuated. 


(ii) Wound infections are infrequently seen and settle with a short 
course of antibiotics. Between 3-5% of autologous radioce- 
phalic and brachiocphalic AV fistula develop a wound infec- 
tion postoperatively and due to these low rates very few 
surgeons give prophylactic antibiotics. Infections overlying a 
prosthetic graft are more worrisome as the graft can become 
infected. Consequently most surgeons will give antibiotic 
prophylaxis at the time of surgery. If infection does occur it 
is advisable to give intravenous antibiotics. Sometimes there 
is redness and swelling along the line of the graft tunnel for 
a few days after surgery. This is often labelled as a postopera- 
tive infection when actually it is a direct response of the tun- 
nelling process and settles conservatively. 


(iii) Thrombosisis the most common complication. Approximately 
10% of all autologous fistulae fail within the first six hours 
after creation. A further 10% fail to develop adequately or 
thrombose within the first six weeks. Thrombosis may be 
due to technical factors, poor selection of small or diseased 
vessels or a generalized thrombotic tendency. In the case 
of early thrombosis (within the first six hours) patients can 
return to theatre for exploration and thrombectomy. While 
this may result in a working fistula, re-thrombosis rates are 
high. In such a situation it is often best to create a new fistula 
at a higher level on the next available theatre list. General 
anaesthesia usually causes a drop in blood pressure, which 
can contribute to thrombosis. This is certainly the case with 
prosthetic grafts so the use of heparin may be warranted. 


(iv) Failure of maturation is mainly seen in autologous fistulae. 
As most vein fistulae require six weeks maturation time it 
is standard practice to check all new fistulae at this time to 
look for signs of maturation. The fistula is usually checked for 
its size (ideally >6 mm diameter) and its patency. A dialysis 
nurse is the best person to do the check as they best placed 
to assess whether the fistula can be needled. Most fistulae 
that fail to mature because the artery or vein were too small 
or diseased to begin with. The non-maturing fistula can be 
investigated with duplex or a fistulogram and occasionally 
can be improved with surgical revision. More often than not 
however, a new fistula has to be created at a higher level in 
the arm. 


(v) Steal syndrome is the clinical situation where flow through 
the fistula is greater than that getting to the hand (the fis- 
tula is stealing flow). The clinical consequence is that of distal 
ischaemia and may manifest with a range of symptoms from 
mild pins and needles in the fingers with a cool hand through 
to digital necrosis. Most patients with steal syndrome fall 
somewhere between the two extremes. Steal is extremely rare 
with the distal fistula especially if there is good flow down 
the ulnar artery (normal Allen test) but does occur when the 
AVF or graft insertion is at the level of the brachial artery. 
Ligation of the fistula cures the symptoms but then the access 
is lost. It is therefore important to ascertain whether the fis- 
tula is ‘low flow’ or ‘high flow’ If the access flow is less than 
600 mL/minute and is inducing a steal then ligation is the 
only option as such access flows are just about adequate to 
ensure dialysis adequacy. If however the fistula is high flow 
(anything in excess of two litres per minute), and this is the 
case with most steal syndrome, then reducing the inflow by 
banding the fistula just beyond the anastomosis may well be 
curative. Occasionally this is unsuccessful and more complex 
procedures involving a bypass to distally revascularize the 
hand—the DRIL procedure (distal revascularization interval 
ligation) are required. 


(vi) Aneurysm formation can occur in a fistula over time. The 
aneurysm may be isolated and at the level of needling sites or 
may be uniform throughout the length of the fistula. Needle 
site aneurysms are common and result from poor needling 
technique where needles have been ‘clustered’ around the 
same site. This gives rise to progressive weakening of the 
fistula vein with subsequent dilatation. There is a classic 
‘dumbbell’ or ‘hour glass’ appearance and over time there is 
a risk of rupture. The uniformly dilated and aneurysmal fis- 
tula develops over time and is the result of longstanding high 
flows through a fistula vein that has good compliance and 
distensibility; it may be unsightly for the patient. If there is 
an appearance of imminent rupture then urgent revision sur- 
gery or ligation is required. 

(vii) Venous hypertension manifests with limb swelling and in 
severe cases prominent venous branches in the arm and 
across the chest. It is usually the result of a central stenosis in 
one of the main draining veins of the arm. There is a higher 
incidence of venous hypertension in patients who have a pre- 
vious history of long-term central catheters. This leads to the 
swelling and a fistula that becomes noticeably more pulsatile. 
Treatment options include angioplasty of the stenotic lesion 
with or without stent placement. Occasionally the fistula will 
have to be tied off. 

(viii) High output cardiac failure is an occasional problem and is 
more common in the elderly or those with known cardiac 
disease. The high flow nature of a fistula increases pre-load 
but there is not a resultant increase in contractility leading 
to progressive cardiac failure. Such fistulae usually require 
ligation. 


Vascular access is associated with complications both in the short 
and long term. All fistulae and grafts have to therefore be under 
surveillance after their creation. Despite these potential problems, 
vascular access surgery remains vital and central to the life and the 
wellbeing of the renal patient on dialysis. 
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Peritoneal dialysis (PD) is an alternative modality of renal 
replacement therapy to haemodialysis. It uses the patient’s own 
peritoneal membrane (which has a rich blood supply) as the semi- 
permeable membrane across which to dialyse. Dialysate is instilled 
into the peritoneal cavity via a catheter and is left to equilibrate with 
the blood before it is drained out and replaced with fresh fluid. The 
osmolality of the dialysate can be altered (usually be altering the 
glucose concentration) and this can control the amount of extra 
fluid that is drained out (the ultrafiltration volume). PD can be 
done manually (continuous ambulatory PD) or via machines to 
which the patient attaches overnight (continuous cycling PD or 
automated peritoneal dialysis (APD)). 

PD is preferred in motivated patients or in those where haemo- 
dialysis will be a problem such as severe cardiac, arterial, and cen- 
tral venous occlusive disease. For patients who opt for PD as their 
modality of RRT, successful insertion of a catheter is essential. A 
variety of catheters are available for PD however, the standard, 
double cuff Tenckhoff catheter is still the most widely used access 
device. Each catheter consists of an extra-abdominal, intramural, 
and intraperitoneal segment. The extra-abdominal segment is the 
portion that protrudes from the exit site. The intramural com- 
ponent is the part of the catheter that runs from the peritoneum 
through the rectus sheath and subcutaneous tunnel to the exit site. 
This part of the catheter has two Dacron cuffs. The deep cuff is usu- 
ally anchored to the peritoneum as this is closed after placement 
of the catheter. The superficial cuff (the one nearest the exit site) 
lies in the subcutaneous tunnel. There is usually a fibrous reaction 
that takes place around each cuff to hold them, and the catheter in 
place. The intraperitoneal portion of the catheter is the part that lies 
within the pelvis. 

Any patient being considered for PD should be fully assessed 
to ensure there are no surgical contraindications to PD (see 
Table 9.3.5). Prior to insertion the exit site should be marked and 
bowel preparation with laxatives to avoid constipation should be 
considered. Administration of prophylactic antibiotics at the time 
of placement is standard practice to prevent subsequent catheter 
infection, peritonitis, and wound infection. 

Catheters are placed under strict aseptic technique either as an 
open procedure and to date more often as a laparoscopic procedure 
under general anaesthesia. They may also be inserted blind using a 
Tenckhoff trocar or the Seldinger technique. 


Complications of catheter insertion 


(i) Haemorrhage may occur as a result of trauma to omental or 
mesenteric vessels as the catheter is inserted. This is more 


Table 9.3.5 Surgical contraindications to continuous ambulatory 
peritoneal dialysis (CAPD) 


Absolute contraindications Relative contraindications 


Extensive intra-abdominal Peritoneal leaks 


adhesions 
Sepsis of abdominal wall Large polycystic kidneys 
Encapsulating peritoneal sclerosis Stomas 


Non-reparable defects (e.g. hernia, 
omphalocele, gastroschisis) 


Inflammatory, ischaemic bowel disease, 
or frequent episodes of diverticulitis 
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Table 9.3.6 Options for immunosuppression in kidney transplantation. Most patients receive induction therapy (usually anti-CD25) followed 
by maintenance therapy with a calcineurin inhibitor, an antimetabolite, and steroids (which may be withdrawn in the early postoperative phase) 


Class Drug names 


Common side effects 


Induction antibody 


Non-depleting 


Anti-CD25 Basiliximab, daclizumab Rare 
Depleting 
Monoclonal Campath-1H (anti-CD52) Lymphopenia 
Polyclonal Anti-thymocyte globulin (ATG) Lymphopenia, infections, lymphoma 
Calcineurin inhibitor Ciclosporin Nephrotoxicity, hypertension, hyperlipidaemia, gum hyperplasia, tremor 
Tacrolimus Nephrotoxicity, tremor, hyperlipidaemia, glucose intolerance 


Target of rapamycin inhibitor Sirolimus, everolimus 


Impaired wound healing, lymphocele, proteinuria, hyperlipidaemia, acne, rash, 
lung injury 


Antimetabolite Mycophenolate 


Diarrhoea, leucopenia 


Azathioprine 


Macrocytosis, leucopenia, myelodysplasia 


Corticosteroids Prednisolone 


Hypertension, glucose intolerance, skin thinning, osteoporosis 


common with blind insertion. Heavy bleeding particularly 

with hypotension will require a return to theatre. 
(ii) Perforated viscus is a well-recognized hazard of blind and lap- 
aroscopic insertion. It is rare with open insertion. The com- 
monest injuries are to the bowel and bladder. 
(iii) Wound infections are relatively rare but if they happen are a 
serious complication as they may jeopardize the success of 
the catheter. Usual organisms include Staphylococcus aur- 
eus and Pseudomonas species. If the exit site and tunnel are 
infected then it is highly likely that the catheter will have to 
be removed. 
(iv) Catheter displacement is probably the most common problem 
encountered after PD insertion. It manifests within the first 
few weeks after insertion and usually when peritoneal dialysis 
is commenced. Dialysate fluid runs into the cavity but drains 
out slowly or not at all. An abdominal X-ray usually confirms 
the diagnosis and plans have to be made to re-position the 
catheter surgically or radiologically. 


The longer-term risk of PD is infection i.e. peritonitis caused by 
contamination of the fluid during the exchange procedure usually 
by staphylococcus species. This can present in many different ways, 
but the common finding is always a ‘cloudy’ bag (cloudy effluent 
because of the increased number of leucocytes). The patient may 
feel well, or have abdominal pain and peritonitis on examination. 
Very rarely they may present with septic shock. Alternative causes 
of peritonitis such as bowel perforation should be considered and 
excluded, especially if the PD fluid grows multiple bowel flora 
organisms (consistent with perforation) or the patient is very sick. 
However, intraperitoneal air is a common finding in PD and does 
not prove perforation. 

A later complication of PD (which may develop after the tech- 
nique is stopped for other reasons) is encapsulating peritoneal 
sclerosis. This presents typically with symptoms of sub-acute small 
bowel obstruction and intestinal failure. It is associated with prior 
recurrent peritonitis or high usage of high-strength dialysate, but 


there are no proven effective therapies once it develops except for 
radical peritonectomy and it is often eventually fatal. 


Kidney transplantation 


Transplantation has revolutionized the prognosis of patients with 
ESRD improving both the quantity and quality of life of recipients. 
Donors may be deceased (either heart beating or non-heart beating) 
or living (either related or unrelated). All recipients require lifelong 
immunosuppression (see Table 9.3.6) which has associated risks of 
infections and malignancy. Furthermore, the most commonly-used 
immunosuppressants (i.e. calcineurin inhibitors) are nephrotoxic so 
management of immunosuppression is a balance of avoiding rejec- 
tion and prevention complications of immunosuppression. Specific 
urological aspects of transplantation are discussed elsewhere. 


Conclusion 


CKD (as currently defined) is common but frequently mild. 
However, CKD may progress and advanced CKD and ESRD have 
major implications for those affected. Priorities of management 
include cardiovascular risk reduction, retarding progression of kid- 
ney disease and preparing for renal replacement therapy. 


Further reading 
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Kidney transplantation 
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and Frank J.M.F. Dor 


Introduction to kidney transplantation 


Chronic kidney disease (CKD) is an important clinical problem. 
In the United States, between 1988-1994 and 2005-2010, the over- 
all prevalence estimate for CKD, defined by an eGFR <60 mL/min 
per 1.73 m? or an albumin/creatinine ratio >30 mg/g), rose from 
12.3% to 14.0%.! In addition, in 2010, a total of 116,946 patients 
began renal replacement therapy (RRT) for end-stage renal dis- 
ease (ESRD). In the United States, on 31 December 2010, the total 
prevalent population with treated ESRD was 593,086.! 

Although patients with ESRD can be successfully treated with 
haemodialysis or peritoneal dialysis, kidney transplantation is by 
far the best therapeutic option for the majority of patients with 
ESRD.*? Compared to other forms of RRT, kidney transplantation 
leads to superior survival, improved quality of life, enhanced psy- 
chosocial development and growth in children, and a reduction 
of societal costs.*° Currently, over 86,000 patients in the United 
States are on the wait list for a donor kidney. However, in 2010, 
only 17,778 kidney transplants were performed. In Eurotransplant, 
on 31 December 2011, 10,622 patients were waitlisted for a kidney 
transplant; 3,633 kidneys were transplanted from a deceased donor, 
1,339 from a living donor.® Only 3 out of 10 patients with ESRD are 
transplanted, the remaining group stays on dialysis and dies while 
on the wait list or is removed from the wait list because of a deterio- 
rated clinical condition (Fig. 9.4.1). 

Regretfully, the shortage in donor organs prevails. The amount of 
donor kidneys retrieved by deceased donation still remains insuf- 
ficient to meet the demand. One of the solutions to this problem is 
live kidney donation. The advantages of live donor kidney trans- 
plantation are numerous and include among others, that it is an 
elective operation with short ischaemia times. Transplantation 
with a kidney from a living donor shows superior outcome in com- 
parison to deceased donation with a mean graft survival benefit 
of 10 years.’ For those patients who cannot directly receive a kid- 
ney from their living donor, inventive alternative programmes for 
living kidney donation have been developed. Such programmes 
include paired-kidney exchange, blood group ABO-incompatible 
transplantation, and desensitization of the sensitized recipient. 
Furthermore, living kidney donation programmes also increase the 
chances of being transplanted for those patients who do not have 
a living donor by making the limited number of deceased donor 
kidneys available for fewer patients. 

However, one must be aware that live donor nephrectomy is a 
major operation, especially because the donor is not a patient but a 
healthy person. Donor safety and ensuring an optimal condition of 
the donor kidney are therefore crucial requirements for the success 
of living donor kidney transplant programmes. 


1969 
1973 
1977 | 


—— Kidney waiting list Deceased donor transplants 
Living donor transplants 


Fig. 9.4.1 Dynamics of the Eurotransplant kidney transplant waiting list and 
transplants between 1969 and 2012. 

Source: data from Axel Rahmel (ed), Eurotransplant International Foundation, Annual Report 
2012, Eurotransplant, The Netherlands, Copyright © 2012, available from https://www. 
eurotransplant.org/cms/mediaobject.php?fle=AR2012.pdf 


Deceased kidney donation 


Deceased kidney donation can be divided in two types: donation 
after brain death (DBD); and donation after circulatory death 
(DCD). Formerly, these types were classified as heart-beating dona- 
tion (HBD) and non-heart-beating donation (NHBD).® 


Donation after brain death 


The majority of organs of deceased donors are retrieved from DBD 
donors, although in the Netherlands, a trend towards more DCD is 
seen; in 2011, more than 50% of the deceased donor kidney trans- 
plants (KTXs) performed came from a DCD.? DBD can only be 
performed when a patient is declared brain death, which is based 
on strict neurological criteria (irreversible loss of all functions of 
the entire brain, including the brain stem). It can be further divided 
into ‘standard criteria and ‘extended criteria donation. Organ 
donors who meet the standard criteria for donation after brain 
death are 59 years of age or younger. The extended criteria for dona- 
tion after brain death involve the use of organs from donors older 
than 60 and from donors between 50 and 59 years who have two or 
three of the following conditions: cerebrovascular accident as the 


cause of death, a serum creatinine concentration of more than 1.5 
mg per decilitre (133 mol/L), and a history of hypertension. In 
recent years, as a result of organ donor shortage, an increase has 
been observed in the use of extended criteria DBD donors, which 
are considered of inferior quality compared to standard criteria 
donors, resulting in worse patient and graft survival.!° 

After declaration of brain death and consent for donation, a DBD 
donor is transported to the operating room, with artificial circula- 
tion and respiratory support. Then, when dissection of the organs 
is finished, the major thoracic and abdominal vessels are cannu- 
lated. The start of the cold perfusion resembles the start of the cold 
ischaemia time. Hereafter, the procurement of the organs can be 
continued. After retrieval, the organs are prepared for travel (cold 
storage or machine perfusion). 


Donation after circulatory death 


DCD has been developed as a valuable addition to DBD as a 
means to expand the deceased donor organ pool. The major dif- 
ference in this type of donors compared to DBD is the fact that 
the organs are no longer perfused after circulatory arrest (usually 
after a ‘switch off’ in the ICU or operating theatre), and therefore 
have an additional warm ischaemia time (from circulatory arrest 
until cold perfusion). A DCD donor must be rapidly transported 
to the operating room after a period of five minutes ‘no touch, as 
the procedure is focused on minimizing the warm ischaemia time. 
Longer warm ischaemia time has always been associated with more 
and longer delayed graft function (DGF) and poorer graft survival. 
However, in recent years, outcome of transplantation with organs 
from DCD donors has proved to be more or less equal to DBD.!!-!4 
To classify DCD, the modified Maastricht classification is used 
(Table 9.4.1).!> Categories I, II, and V describe organ retrieval that 
follows unexpected cardiac arrest (uncontrolled DCD). Categories 
III and IV refer to retrieval that follows death resulting from the 
planned withdrawal of life-sustaining cardiorespiratory support 
(controlled DCD).!° New definitions and guidelines are underway 
following a recent consensus meeting. 


Right or left? 


In deceased donor kidney transplantation, in general, both kidneys 
are normally retrieved. Several studies report no significant differ- 
ences regarding outcome ofa right or left donor kidney. 118 However, 
Vacher-Coponat et al. report that receipt of a right kidney from a 
DBD donor, is a risk factor for inferior outcome, namely more DGF 
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in the first year after transplantation and lower one-year survival of 
right-sided kidney grafts; this was attributed to the fact that a venous 
anastomosis may be more complicated in case of a short right vein.!9 


Live kidney donation 


As pointed out above, increasing the donor pool is extremely 
important. Campaigns to stimulate people to register as a donor 
are propagated worldwide. Most countries have an ‘opt-in’ system 
(if you wish to be a donor, you should register as such), some use an 
‘opt-out’ system (everyone is a presumed donor unless stated other- 
wise). Nonetheless, the amount of available organs retrieved from 
deceased donors is by far not sufficient for the rising need of donor 
kidneys. Furthermore, it is unlikely that these campaigns and regu- 
lations will ever lead to a sufficient amount of kidneys. Different 
strategies have been developed in order to increase the donor pool. 
Expanding criteria for deceased donation and modulation of these 
organs by new technology to improve quality, such as by machine 
perfusion,”° as well as changing legal systems into ‘opt-out’ systems 
have been ventured. In our opinion, the promotion of living kidney 
donation has proved to be the most successful solution to this prob- 
lem. In the authors’ centre, currently about 75% of all transplanted 
kidneys come from live donors. 


Types of live donation 


The former most used classification of donation was divided in 
‘related’ and ‘unrelated’ donation, which only refers to the fact 
whether the donor and recipient are genetically related or not. In 
2011, the Living Organ Donation working group of ‘Ethical, Legal, 
and Psychosocial Aspects of Transplantation (ELPAT); a section of 
the European Society for Organ Transplantation, proposed a new 
type of classification regarding donors,”! as it was noticed that many 
different (confusing) classifications of live organ donation were 
in practice internationally. This new classification is based on the 
degree of specificity with which donors identify intended recipients 
and to subsequently verify whether the donation to these recipients 
occurs directly or indirectly. The classification is divided in ‘speci- 
fied’ and ‘unspecified’ donation. Specified donation includes direct 
donation to an intended recipient, donation to a genetically and/ 
or emotionally (un)related recipient. It can be subdivided by dir- 
ect donation, or indirect donation, which comprehends indirect 
donation to the intended donor, or donation through an exchange 
programme (Fig. 9.4.2). Unspecified donation is donation to an 


Table 9.4.1 Modified Maastricht classification for types of DCD (TC = Transplant centre, ICU = intensive care unit) 


Category (type of DCD) Status of donor 


Practiced 


Category | (uncontrolled) Dead on arrival 


Emergency department (TC) 


Category Il (uncontrolled) 


Unsuccessful resuscitation 


Emergency department (TC) 


Category Ill (controlled) 


Anticipating cardiac arrest 


Emergency department and ICU 


Category IV (controlled) 


Cardiac arrest while brain dead 


Emergency department and ICU 


Category V (uncontrolled) 


Unexpected arrest in ICU-patient 


ICU (TC) 


Adapted from Transplantation proceedings, Volume 27, Number 5, Kootstra, G et al, ‘Categories of non-heart-beating donors, pp. 2893, Copyright 
© 1995, with permission from Elsevier, http://www.sciencedirect.com/science/journal/00411345. Source: data from Sanchez-Fructuoso et al, ‘Renal 
transplantation from non-heart beating donors: a promising alternative to enlarge the donor pool, Journal of the American Society of Nephrology, 
Volume 11, Number 2, pp. 350-358, Copyright © 2000 by the American Society of Nephrology. 
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Fig. 9.4.2 Schematic illustration of the domino-paired exchange programme principle. 


anonymous and unspecified recipient (e.g. donation to the waiting 
list or to the recipient of an exchange couple in the case of domino- 
paired exchange). 


Selection and screening of living 
kidney donors 


Obviously, not everyone can donate a kidney. Ideally, living donors are 
carefully screened by the transplant team, consisting of nephrologists, 
transplant surgeons, anaesthetists, psychologists, social workers, and 
nurse practitioners. In some conditions, the donor is also screened 
by a cardiologist. Donors are extensively screened for several viruses, 
blood type, human leukocyte antigen (HLA) type, kidney function, 
and risk factors for the future development of kidney disease. Prior to 
surgery, all donors undergo imaging (either a computed tomography 
(CT) scan or an MRI) to visualize the renal anatomy and parenchyma 
(to identify cysts or other anatomical variations). Based on this scan, 
a decision is made which kidney will be extracted. Factors that are 
assessed on the scan are renal vascular multiplicity, renal artery sten- 
osis, and the size and aspect of the kidneys. In general, a potential liv- 
ing kidney donor is a healthy person with no co-morbidities. 

In a recent European Union sponsored project, the Living Organ 
Donation in Europe (EULOD) project, current European practices 
in live organ donation were investigated, and found to differ signifi- 
cantly within Europe (and compared to the United States).?? The 
transplant community has established international guidelines for 
the living kidney donor (e.g. Amsterdam Forum 2004).?? However, 
since the community is seeking for options to further expand 
the donor pool, there is a tendency towards accepting so called 
‘extended live kidney donors, which are discussed below. 


Extended criteria living kidney donors 


Extended live donors consist of potential kidney donors with one 
or more defined co-morbidities, such as overweight or obesity, 


hypertension, and advanced age. Some centres consider donors with 
more than one renal artery or vein as an extended donor as well. In 
most transplant centres, a BMI higher than 35 is considered a rela- 
tive contraindication for donation. Because obesity increases the risk 
of complications after surgery, obese donors were also thought to be 
more prone for complications. However, in general, live donors con- 
sist ofa highly selected group of healthy individuals and therefore can- 
not be compared to the general population regarding general health 
or co-morbidities. Furthermore, a recent meta-analysis revealed that, 
at least regarding short-term outcome, obesity is no contraindication 
for live kidney donation.”4 Long-term consequences of live kidney 
donation for this specific group are not yet fully clear. One can envis- 
age a possible higher lifetime risk of hypertension, diabetes melli- 
tus, or other morbidity. A possible solution for potential donors with 
morbid obesity could be bariatric surgery prior to donation. Several 
case reports have been published with good results.?°.76 

Increasing the maximum age for live kidney donation will pro- 
vide more donors. However, using older donors for live kidney 
transplantation remains controversial. This specific group of donors 
is believed to have a higher chance on complications compared to 
‘younger’ donors. No consensus is reached in current guidelines, 
however several studies show that older donors (e.g. above 65 years) 
have no higher postoperative complication rate, although kidneys 
from older donors tend to have inferior graft outcome.” In the cen- 
tre of the authors from 1994 to 2006, 539 donors were followed, 
of which 117 donors were 60 years of age or older. Donor age did 
not influence graft survival. After kidney donation, the decline in 
eGFR of the donors themselves was not different in younger donors 
compared to the elderly. Therefore, live kidney donation by elderly 
is considered safe.789 

In 2004, in ‘the Consensus Statement of the Amsterdam Forum 
on the care of the live kidney donor, a guideline regarding donors 
with hypertension was adopted. Donors with a blood pressure 
>140/90 mmHg should generally not be accepted as donors. Some 


donors with easily controlled hypertension who meet other defined 
criteria (e.g. >50 years of age, GFR >80 mL/min per 1.73 m?, and 
urinary albumin excretion <30 mg/day) may represent a low-risk 
group for development of kidney disease after donation and may be 
acceptable as kidney donors.” Little literature is available regarding 
these extended live kidney donors, although it seems that a hyper- 
tensive donor has no worse outcome after donor nephrectomy.30-32 
Recent data suggest that hypertensive living kidney donors have 
similar outcome in terms of blood pressure and renal function as 
donors without hypertension, early, and one and five years after 
donation.*3 Although practice in countries differs,?? it is generally 
accepted that well-controlled hypertension, with a maximum of 
two antihypertensive drugs, is safe. 

Recently, a systematic review is published, giving an overview 
of several extended donor criteria and outcome after live kidney 
donation.*4 


Alternative programmes for living 
kidney donation 


Cross-over (exchange programme) 


The cross-over programme is a useful addition to the live kidney 
donation programme. In certain cases, the problem arises that 
donor-recipient couples are incompatible because of blood group 
ABO incompatibility or a positive cross-match. Donor and the 
recipient are then enrolled in the exchange programme and if a 
match is found, a cross-over donation/transplantation is executed. 
For example, if donor A and recipient A are incompatible, and the 
same holds true for donor B and recipient B, then donor A can 
donate to recipient B, and donor B to recipient A.*>° These invent- 
ive strategies to optimize the living donor kidney pool have been 
initiated in the Netherlands, where a national kidney exchange pro- 
gramme is successful. Since the start of this programme in 2004, 
544 domino-recipient pairs have enrolled, 214 exchange transplan- 
tations have been carried out, and 198 pairs have been transplanted 
outside this specific programme (transplantation after unspecified 
donation or domino-paired exchange). Currently, there are 56 
pairs still waiting. Four times a year, a computerized matching is 
performed, which ranks on six conditions: a maximum number of 
matched couples; blood group identical above blood group com- 
patible matches; priority to patients with a low match probability; 
short chains (e.g. rather two doublets than one quartet); couples 
distributed over multiple centres and wait time calculated from the 
first day of dialysis. 

In the Netherlands, the donor travels to the centre where the 
transplantation is performed. In other countries, such as the United 
States, the kidney is transported to the centre of the recipient after 
retrieval. 

Another relatively new concept is the unbalanced exchange 
donation. This type of donation/transplantation can be organized 
if a compatible pair is willing to exchange and thereby facilitate 
transplantation for individuals with an incompatible live donor. 
With this programme, the number of kidney transplants can be 
increased even further.>” 


Unspecified donation 


A relatively new and rapidly growing source of donor organs is 
established by unspecified donation. Former terminology used 
for this kind of donation was ‘anonymous, “altruistic or ‘Good 
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Samaritan’ donation. However, these terms might not entirely cover 
the meaning of an unspecified donation.?! Two options of unspeci- 
fied donation are possible; unspecified donation to one recipient on 
the waitlist or unspecified donation in the domino-paired exchange 
programme (explained below). A psychological assessment is per- 
formed in most transplant centres before donation to clarify the 
donor's motives. From 2000 to 2008, in the authors’ centre, 51 
unspecified donations have been performed, ultimately resulting in 
85 transplantations.*8 Since 2008, an additional 39 unspecified dona- 
tions have been performed, leading to 69 transplantations. In total, 
until September 2012, there have been 90 unspecified donations, 
leading to 154 transplantations in our centre (unpublished data). 


Domino-paired (exchange programme) 


Another type of cross-over donation is domino-paired donation. 
If an unspecified donor is willing to donate, the organ can be allo- 
cated to the best recipient match on the waiting list. By this, the 
donor's gift can initiate a chain of matches. In example, unspeci- 
fied donor X, can donate to recipient A, which is incompatible 
with his donor A. However, donor A can now donate to recipient B 
and his incompatible donor B can donate to recipient C, and so on 
(Fig. 9.4.2).383? The optimal chain length for living donor kidney 
exchange programmes is three. Longer chains with their inherent 
logistic burden do not lead to significantly more transplants.*° 


Blood group ABO-incompatible transplantation 


One of the recent developments in successful alternative pro- 
grammes is blood group ABO-incompatible kidney transplant- 
ation. The first attempt of this kind of transplantation was made 
in 1955.4041 However, due to poor graft survival as a result of anti- 
blood group antibodies, this technique was abandoned. For this 
reason ABO-incompatibility was, until recently, an absolute contra- 
indication for donation and the only solution was a specified indir- 
ect donation through the national exchange programme. However, 
with the use of apheresis techniques, which allow for the (selective) 
removal of naturally-occurring anti-blood group ABO antibodies 
and the use powerful specific immunosuppressive drugs (such as 
rituximab and intravenous immunoglobulin), this form of trans- 
plantation has become possible without the need for pre-transplant 
splenectomy.?542-45 


Desensitization prior to transplantation 


Kidney recipients who have become sensitized to HLA as a result 
of previous transplantation, pregnancy, or blood transfusion have 
an increased likelihood of a positive cross-match, indicating the 
presence of donor-specific anti-HLA antibodies. This is associ- 
ated with hyper-acute antibody-mediated rejection, and leads to a 
high rate of allograft loss. A way to enable this type of transplant- 
ation is to ‘desensitize the recipient. By using apheresis techniques 
and administering specific new immunosuppressive agents, the 
donor-specific anti-HLA antibodies are removed and their produc- 
tion decreased. Although initial results seem promising, this form 
of transplantation should be regarded as experimental and long- 
term outcomes are awaited, before this type of transplantation can 
become a fully accepted therapy.46 

The above-mentioned alternative programmes for living kidney 
donation give an overview of the actual ‘hierarchy. Specified dir- 
ect living donor kidney transplantation is the preferred option. If a 
recipient has an incompatible live donor or no live donor at all, he or 
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she can enrol in one of the crossover programmes (specified indir- 
ect or unspecified). If no match is found, ABO-incompatible trans- 
plantation or desensitization become options (specified direct). 


Operation techniques for live 
donor nephrectomy 


Since the first live donor nephrectomy in 1954,47 there has been a 
great development in operation methods and techniques, with an 
important shift towards more minimally invasive techniques. The 
latter has significantly contributed to the success of live donor KT x. 
Several techniques are available, open or endoscopic, with a trans- 
or retroperitoneal approach. Furthermore, hand- or robot-assisted 
techniques are optional in laparoscopic donor nephrectomy. 


Open donor nephrectomy (lumbotomy) 


The first commonly used open technique was carried out with a 
lumbotomy (flank incision) with the incision covering the rib cage 
(10-20 cm). The main disadvantage of this technique is that this 
incision is ‘muscle-cutting’ and is therefore more prone to com- 
plications and chronic pain.484? Furthermore, in some centres, 
this technique is combined with a rib resection in order to create 
a wider operative field. After incision, the fat is dissected, and the 
peritoneum is mobilized. Gerota’s fascia is opened and the perire- 
nal fat is dissected in all directions, hereby exposing the kidney. 
After identification of the ureter, the renal hilum is dissected, and 
vessels identified. After dividing the ureter, the vessels are divided 
using a stapler or clamps (and later closed with sutures). After pre- 
paring the kidney on the bench, all anatomical layers of the donor 
wound are closed with appropriate sutures. 


Anterior subcostal extraperitoneal 
donor nephrectomy 


In 1981, the anterior subcostal extraperitoneal approach was 
described.*° Similar to the lumbotomyy, this extraperitoneal approach 
reduces the chance of damaging intra-abdominal organs to a mini- 
mum. However, the incision size is generally smaller (up to 15 cm). 
The rest of the operation is comparable to the lumbotomy approach. 


Open transperitoneal donor nephrectomy 


This approach is in essence comparable to the technique above; 
however, its transperitoneal aspect has a great risk of intra- 
abdominal injury.*! Therefore, this technique is not widely used in 
transplant centres anymore.?252 


‘Mini-open’ donor nephrectomy 

First described by Nadey Hakim,” this technique is essentially the 
same as the standard open nephrectomy, however with a smaller 
incision (4-10 cm) (Fig. 9.4.3). An advantage of this technique is 
shorter recovery time and less pain compared to the standard open 
technique.*4 Disadvantage is the limited exposure created with 
this incision. The donor is placed in the lateral decubitus position. 
When after incision Gerota’s fascia is reached, the dissection of 
the fat is the same as for the lumbotomy approach. Dividing of the 
ureter and vessels is mostly performed with articulating staplers. 


Endoscopic donor nephrectomy 


In 1995, the first laparoscopic donor nephrectomy (LDN) was 
performed by Lloyd Ratner and Louis Kavoussi.” Over the years, 


Fig. 9.4.3 Live donor nephrectomy, mini-open technique. 


this technique has become increasingly more adopted and proves 
to have superior donor and graft outcome above the open tech- 
niques.??>256-58 The clearest advantage is the use of several small 
incisions (0.5-1 cm) for the trocars instead of a large incision (Figs 
9.4.4 and 9.4.5). After positioning of the patient and insertion of the 
trocars, the colon is mobilized, thereby exposing the retroperitoneal 
space. Gerotas fascia is then opened and the perirenal fat is dissected 
away from the kidney. After dissection of the ureter, the renal artery 
and vein are prepared. Several techniques are available for ligation 
and stapling of the vessels.” Most transplant centres use a linear 
or reticulating stapler. For extraction of the kidney, a Pfannenstiel 
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Fig. 9.4.4 Schematic illustration of the positions of the trocars placed during 
left-sided laparoscopic donor nephrectomy. (1) Infraumbilical open introduction 
of 10-12 mm blunt tip trocar; (2, 3) 5 mm and 10 mm trocar in epigastric region; 
and (4) 5 mm trocar laterally above the anterior superior iliac spine, inserted after 


mobilization large intestine and opening of Gerota’s fascia; in small patients trocar 
3 can be placed lateral to the umbilicus. 


Fig. 9.4.5 Schematic illustration of the positions of the trocars placed during 
right-sided laparoscopic donor nephrectomy. (1) Infraumbilical open introduction 
of 10-12 mm blunt tip trocar; (2, 3) 5 mm and 10 mm trocar in epigastric region; 
(4) second 5 mm trocar in epigastric region, inserted after partial mobilization of 
the right liver lobe; and (5) 5 mm trocar laterally above the anterior superior iliac 
spine, inserted after mobilization large intestine and opening of Gerota’s fascia. 


(caesarian) incision is made of about 9-10 cm. Over the years, there 
has been an enormous increase in the use of a laparoscopic approach 
in live donor nephrectomy?*>?6! and is considered as the golden 
standard in most transplant centres (Fig. 9.4.6). 


CHAPTER 9.4 KIDNEY TRANSPLANTATION 


Hand-assisted transperitoneal laparoscopic 
donor nephrectomy 


In 1998, the hand-assisted laparoscopic donor nephrectomy 
(HALDN) was described by Wolf et al.6? Using this technique, a 
port is mounted in the Pfannenstiel-incision through which the 
hand of a surgeon can be placed. The rest of the procedure is similar 
to the LDN. This approach enables more accuracy and immediate 
manual control of any possible bleeding, thus minimizing the pos- 
sibility of conversion to open surgery. Furthermore, shorter warm 
ischaemia times (WIT) and shorter operative times are acquired 
because of the direct manual removal of the kidney after dissect- 
ing the vessels.°>-© Disadvantages are the possible intra-abdominal 
damage that can occur by this transperitoneal approach and adhe- 
sions may be induced. Also, if the donor had previous abdominal 
surgery, adhesions can be present, and can cause difficulty during 
the nephrectomy. However, this poses a possible difficulty in all 
types of transperitoneal nephrectomies. 


Hand-assisted retroperitoneoscopic donor 
nephrectomy 


Several years after the introduction of HALDN, in 2002, the 
hand-assisted retroperitoneoscopic technique was introduced 
by Wadstrom.*’ In this approach, the surgeon manually dissects 
the peritoneum from the abdominal wall until a pneumoretrop- 
eritoneal space can be created. The kidney can then be visualized 
and freed from Gerota’s fascia and perirenal fat. The other steps 
of the operation are similar to the (HALDN). ‘The retroperiton- 
eal approach also reduces the theoretical risk of intestinal injury 
and postoperative intestinal complications, with shorter hospital 
stay, shorter operative time, and shorter warm ischaemia time and 


Fig. 9.4.6 Live donor nephrectomy, laparoscopic technique. 
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Fig. 9.4.7 Live donor nephrectomy, hand-assisted technique. 


convalescence as a consequence.®*? One general disadvantage of 
the hand-assisted approaches is the generally uncomfortable pos- 
ition and the fact that that the surgeon's arm is inside the patient 
for a couple of hours (although with intervals), which can cause a 
numb hand. This may be explained by the narrow entrance that the 
hand port, placed in the Pfannenstiel-incision, and the fascia open- 
ing, offer (Fig. 9.4.7). 


Robot-assisted laparoscopic donor nephrectomy 


One of the latest developments is the robotic-assisted laparoscopic 
donor nephrectomy (RADN) with the Da Vinci Surgical System 
(Intuitive Surgical, Sunnyvale, CA, USA) and first described in 
2002 by Horgan.”°7! It can be used as in the ‘laparoscopic only’ 
approach or with hand assistance. This technique brings more com- 
fort to the surgeon as he or she can sit while operating and does not 
necessarily have to be in the near proximity of the patient. Surgeons 
are provided with superior 3D visualization, enhanced dexterity 
because of an enhanced rotation angle of the robotic wrists (540 
degrees vs. 180 degrees in case of laparoscopic instruments being 
moved by human hands), greater precision, an enlarged image, 
computerized correction of undesirable vibrations and ergonomic 
comfort. The feasibility and safety has been demonstrated in recent 
studies, however studies regarding cost-effectiveness are eagerly 
awaited (Fig. 9.4.8).72-74 


Laparoendoscopic single site surgery 
donor nephrectomy 


The first single-port umbilical donor nephrectomy was described 
by Gill.” Through an intra-umbilical incision a tri-lumen port is 
inserted in the abdomen. Advantage is that no extra-umbilical skin 
incisions have to be made. The kidney is also extracted transumbili- 
cally. Several studies have shown faster recovery time after donor 
nephrectomy in comparison to ‘pure’ LDN. However, this method 
is associated with a longer warm ischaemia time, not necessarily 
leading to impaired graft function.”°-78 


Natural orifice transluminal endoscopic surgery 
donor nephrectomy 


This method comprehends several techniques using natural ori- 
fices. The first series of transvaginal natural orifice transluminal 
endoscopic surgery (NOTES)-assisted donor nephrectomy was 
described by Alcaraz in 2011.7? The idea was originally described 
by Allaf in 2010.8° In the transvaginal approach, the vagina is 
used as a working port during the whole procedure, and as kid- 
ney extraction site. Since this technique is relatively new, it has 
yet to prove its value. Importantly, this technique leads to a longer 
warm ischaemia time. A combination of the latest approaches is 
to combine NOTES with robotic-assistance.*!8? Experience with 
these new techniques has yet to be expanded, but they could be key 
players in the next era of live kidney donation. An overview of all 
aforementioned operation techniques and their (dis)advantages is 
presented in Table 9.4.2 and available literature comparing several 
techniques are presented in Table 9.4.3. 


Preoperative considerations 
Right or left? 


Since the introduction of the laparoscopic donor nephrectomy 
technique, left-sided nephrectomy was believed to be preferred, 
because the liver could pose a technical problem in right-sided 
nephrectomy.®384 However, in 2002, Lind et al. described no sig- 
nificant differences between sides regarding conversion rate, 
complications, hospital stay, thrombosis, graft function, and graft 
survival.8> Furthermore, in 2009, Dols et al. described superior 
results of right-sided donations regarding blood loss and operative 
time.®° Furthermore, although the left kidney has a longer renal 
vein, resulting in an easier venous anastomosis in the recipient, 
more veins drain into the left renal vein (adrenal vein, gonadal vein, 
lumbar veins), which may complicate dissection of the left renal 
vein. Recent data suggest comparable outcome of right-sided donor 
nephrectomy.8687 If both kidneys from a donor have the same size, 


Fig. 9.4.8 Laparoscopic donor nephrectomy, robot-assisted technique. 


Table 9.4.2 Overview of different operation techniques of live donor nephrectomy and their (dis)advantages 


Operation technique 


Advantages 


Disadvantages 


Open donor nephrectomy ¢@ Manual control of bleeding if required @ Incision length 
@ Longer hospital stay 
+ Longer recovery time 
+ Rib resection (optional) 
+ Muscle-splitting -> chronic pain 
Anterior subcostal extraperitoneal donor All benefits of the standard open approach + All disadvantages of the standard open approach 
nephrectomy Smaller incision size 
Open transperitoneal donor nephrectomy Large exposure + Possible intra-abdominal damage 
‘Mini-open’ donor nephrectomy Smaller incision size + Limited exposure/view 


Laparoscopic transperitoneal donor nephrectomy 


Small scars 
No muscle-splitting 
Faster recovery time 


Shorter hospital stay 


Little longer warm ischaemia time 


No manual control possible 


Hand-assisted transperitoneal laparoscopic donor 
nephrectomy 


All benefits of the laparoscopic approach 
Shorter warm ischaemia time 


Manual control of bleeding if required 


Possible intra-abdominal damage 


+ Adhesions if prior surgery is present 


Hand-assisted retroperitoneal donor nephrectomy 


All benefits of the laparoscopic approach 
All benefits of the hand assistance 


+ + +o © +j o 6 + 6) OH) OH) OH + 


Minimal chance on intra-abdominal damage 


Relatively new technique 


New learning curve 


Robot-assisted laparoscopic donor nephrectomy + Enhanced rotation angle + Cost-effectiveness 
@ 3D-vision Possible intra-abdominal damage 
Correction of unnecessary vibration + Longer operative time due to set-up 
+ Learning curve 
Laparoendoscopic single site surgery (LESS) donor + Improved cosmesis + Longer warm ischaemia time 
nephrectomy + Faster recovery 
Natural orifice translumenal endoscopic surgery + Absence of abdominal scars + Longer warm ischaemia time 
(NOTES) donor nephrectomy + No manual/difficult control 
+ Possible intra-abdominal damage 
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Table 9.4.3 Overview of literature of several operation techniques of live donor nephrectomy 


Operation technique LoE Literature Ref Outcome 
CO versus MO donor nephrectomy 3 PS 157, 160 MO > CO 
RS, historical controls 
MO versus LDN 1 RCT 161,158,162 LDN > MO LDN + MO > CO LDN > MO 
PS 
Meta-analysis 
MO versus HA donor nephrectomy 2 RCT 163 MO 
Laparoscopic versus HA donor 2 RCT 164-174 Equal outcome HA > LDN > CO HA > LDN 
nephrectomy PS 
RS historical controls 
Laparoscopic versus HARP donor 3 PS WE HA LS-HA = RS-HA 
nephrectomy RS 
RA versus CO donor nephrectomy 3 RS, historical controls 178 RAS CO 
RA versus LDN 3 PS 74 RA ~ LDN 


most transplant surgeons nowadays choose a kidney with a single 
artery (if present) over a kidney with multiple renal arteries, irre- 
spective of the side. 


Vascular multiplicity 


In order to perform a successful transplantation, careful prepar- 
ation and extraction of the graft is of great importance. If there is 
more than one artery, the localization is very important. Donor kid- 
neys with multiple renal vessels constitute 17.1% of the live donor 
kidneys transplanted over the world.*8-°° The presence of multiple 
renal arteries presents a challenge, because it may affect the safety 
of the donor. This, because having multiple renal arteries may lead 
to intraoperative technical difficulties and complications, such as 
increased operation time, and dissection or bleeding. Furthermore, 
arterial reconstructions may need to be made after the kidney has 
been extracted to enable single arterial anastomosis in the recipi- 
ent, although others advocate multiple arterial anastomoses in the 
recipient (Papalois et al., unpublished), sometimes combined with 
extracorporeal techniques.°! Although a kidney with single anatomy 
is preferred, vascular multiplicity is no longer considered as a hard 
contraindication and has similar outcome both in the donor as in 
the recipient.??-?> Usually, a small (capsular) artery that vascularizes 
a minor part of the upper pole of the kidney can be safely sacrificed. 
However, accessory lower pole arteries must be spared at all costs in 
order to prevent possible ischaemia of the ureter. Renal veins nor- 
mally communicate, and (small) accessory renal veins can be safely 
sacrificed and do not require reconstructive bench surgery.°° 


Ureter 


Ideally, the donor ureter length should be as long as possible, to cre- 
ate a ureteroneocystostomy without any tension. Furthermore, the 
distance between the transplanted kidney and the bladder is diffi- 
cult to predict beforehand. In LDN, the ureter should be divided at 
the level crossing the iliac vessels. However, the lower part of the 


LoE: level of evidence, CO: conventional open, MO: mini-incision, PS: prospective studies, RS: retrospective studies, LDN: laparoscopic donor nephrectomy, 
A: hand-assisted, LS-HA: left-sided hand-assisted, RS-HA: right-sided hand-assisted, HARP: hand-assisted retroperitoneoscopic, RA: robot-assisted 
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ureter is vascularized from the bladder, so if the ureter is left too 
long, ischaemia can occur, leading to related complications. In rare 
cases, the surgeon is forced to create a pyelo-cystostomy or uretero- 
ureterostomy. This is performed if the ureter is or has become 
ischaemic, or if the donor ureter is too short. However, based on the 
literature, in general the ureteroneocystostomy is to be preferred, 
because of shorter operative time and reduced potential additional 
morbidity.°” 


Parenchyma 


Prior to donation and surgery, the parenchyma of the kidneys is 
screened for abnormalities. One of these possible abnormalities 
is a renal cyst, which is a common finding in live kidney donors. 
Rule et al. report that about 53% of 1948 analysed kidney donors 
between 2000-2008 had one or more cysts.°8 The Bosniak classi- 
fication for renal cysts is instrumental to judge the risk for malig- 
nancy. In the authors’ centre, all cysts up to a Bosniak type IIF 
(cysts with an increased number of hairline-thin septae, with pos- 
sible minimal enhancement or thickening of the septae or wall) are 
accepted for donation after appropriate screening by CT-imaging.”” 
Living donors from families with autosomal dominant polycystic 
kidney disease (ADPKD) are at risk for developing ADPKD and 
should be screened prior to donation. Although, in general, radio- 
logical imaging is adequate for diagnosis, it can be missed in donors 
younger than 40 since ADPKD develops with age. Huang et al. 
described a DNA-screening technique to rule out the diagnosis. 
They advocate this technique in donors younger than 30 with fewer 
than 3 (or no) cysts and in donors aged between 30 and 59 with a 
few non-diagnostic renal cysts.! 


Selection and screening of recipients 


As pointed out earlier, kidney transplantation provides great bene- 
fit for patients with ESRD. However, several important factors 


arise when selecting which patients will benefit and who will not. 
Obviously, any co-morbidity that may endanger anaesthesia and 
surgery in general is a relative contraindication. In most recipients, 
the technical feasibility poses no problem. Possible issues can be 
peripheral arterial occlusive disease, recurrent deep venous throm- 
bosis, obesity, and previous abdominal surgery in general, or her- 
nia surgery using a mesh. Also, previous urological surgery is not 
uncommon in kidney transplant recipients (i.e. urinary diversions, 
such as Bricker’s ileal conduit, neobladder reconstructions, such as 
Studer’s pouch, or other bladder reconstruction); in these cases, a 
urological presence is required if the kidney transplant surgeon is 
not a urologist. 

An increasing problem is the recipient who has been trans- 
planted more than twice. In these cases, a transplant nephrectomy 
has to be performed prior to a third transplantation. If a recipient 
has (poly)cystic native kidneys that compromise access to the iliac 
fossae due to their size, a native nephrectomy is warranted prior to 
transplantation. In case of suspected vascular pathology (athero- 
sclerosis or deep venous thrombosis), a preoperative CT or MRI 
scan is used to ensure optimal conditions for vascular anastomosis 
during implantation. If necessary, a percutaneous transluminal 
angioplasty is performed, sometimes combined with a stent. In rare 
cases, an aorto-iliac bypass is necessary. 

Another issue is that most renal transplant candidates have a 
high cardiovascular risk. Careful cardiac screening is mandatory 
to reduce perioperative risks. Dobutamine stress echocardiography 
is widely recognized as an accurate diagnostic method for use in 
the general population and studies have proved its diagnostic and 
prognostic value in patients with ESRD.!0! 

Finally, every recipient requires lifelong immunosuppressive drug 
therapy and the associated increased risks of infection, malignancy, 
and specific drug-related toxicities. A recipient must know of these 
risks and be aware of the necessity to take his drugs regularly. 102-103 


Contraindications to kidney transplantation 


There are only a few contraindications to kidney transplantation. 
Severe respiratory or neurological disease and active infections 
are considered an absolute barrier to transplant surgery. In gen- 
eral, (metastasized) malignancy is considered a contraindication. 
However, survivors of cancer can be transplanted after appropriate 
follow-up. Psychiatric conditions that may lead to impaired compli- 
ance are considered relative contraindications for transplantation. 
Morbid obesity is in most cases also considered a contraindication 
because the associated poorer long-term graft survival.!°4 However, 
there is evidence that bariatric surgery prior to kidney transplant- 
ation may lead to good transplantation outcomes.!05-108 


Recipients 


Implantation 


Before implantation can be performed, the graft must be carefully 
prepared. Directly after removal, it is flushed with a cold preserva- 
tion fluid (e.g. University of Wisconsin solution, which is now most 
commonly used).!°? Furthermore, in the case of multiple arteries, 
we recommend to perform a reconstruction ‘on the bench’ to min- 
imize the number of anastomoses to be made during implantation 
and the associated longer warm ischaemia time during transplant- 
ation. This is to minimize the amount of anastomoses that has to be 
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made during the implantation (and thus the second warm ischae- 
mia time). Usually, if multiple veins are present, they can be safely 
sacrificed. In general, most right-handed transplant surgeons pre- 
fer the right iliac fossa for a first transplantation for an easy anasto- 
mosis, and because the iliac vessels are situated more superficially 
then on the left side.!!° A semi-lunar suprainguinal incision is made 
in the left or right lower quadrant of the abdomen. The fascia, exter- 
nal oblique, transversus abdominus, and internal oblique muscle 
are divided. The inferior epigastric vessels are divided to gain access 
to the pre-peritoneal space. In males, the spermatic cord evidently 
should be preserved, but in women the round ligament of the uterus 
is usually divided. When the iliac fossa is exposed and the external 
iliac artery and vein are prepared, the venous anastomosis (end-to- 
side) is created first. After creating the arterial end-to-side anasto- 
mosis, the perfusion is restored. The kidney should fully restore his 
former pink colour and turgor. If not, this indicates insufficient per- 
fusion. If the kidney becomes purple, it may indicate an insufficient 
outflow. Both conditions necessitate immediate surgical correction. 
Although the above-described technique of implantation is 
widely used, several other techniques exist. Modi et al. described 
a laparoscopic implantation technique.!!!1!2 However, this tech- 
nique has a long warm ischaemia time. Some centres connect the 
renal artery and vein to the internal iliac artery and vein or the 
common iliac artery and vein. Both techniques show similar results 
regarding short-term as well as long-term outcomes. 113-114 


Ureterovesical anastomosis 


After reperfusion, the ureterovesical anastomosis is created. Before 
surgery, a urine catheter is placed and the bladder is filled with 
warm saline solution. This enables a safe identification of the blad- 
der before the ureteroneocystostomy is made. Several techniques 
of ureterovesical anastomosis are available; the most commonly 
practised are the intra and extravesical anastomoses. The first type 
of ureteroneocystostomy, was the intravesical technique described 
by Politano and Leadbetter (Fig. 9.4.9).!!5 This is an anastomosis 
in which the ureter is first inserted in the bladder with the help of 
a second cystostomy. The ureter is then anastomosed inside of the 
bladder. However, since the vascularization of the ureter is thought 
to be inferior in the distal part, an extravesical technique is pres- 
ently preferred in most centres. For this, a shorter ureter can be 
used, with better vascularization, leading to fewer complications 
such as stenosis and leakage.!!® The extravesical anastomosis was 
first described by Lich-Gregoir (Fig. 9.4.10).!!” The type of anas- 
tomosis used for each implantation is mostly depending on the 
surgeon's preference. Recent data show that the extravesical anas- 
tomoses have fewer postoperative complications after kidney 
transplantation. 118 

After the ureteroneocystostomy is made, a suprapubic catheter 
or JJ stent is placed with the proximal end of the stent placed in 
the donor ureter. This is done to prevent dehiscence of the anasto- 
mosis or stenosis. Also, with this method, a distinction can be made 
between diuresis from the graft and diuresis (if present) from the 
native kidneys. According to published literature, routine stenting 
of the ureteroneocystostomy is recommended.11120 Before closure 
of the fascia, muscles, and wound, a percutaneous drain is placed. 


Splint versus JJ stent 


The primary goal of a ureteral stent is to prevent urinary leakage 
and/or stricture of the ureter. Two types of stents tend to be used 
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Fig. 9.4.9 Intravesical ureterovesical anastomosis, with a stent placed in the pelvis 
of the kidney and externalized as a suprapubic catheter. 

Reprinted by permission from Macmillan Publishers Ltd: Kidney International, Slagt IKB 

et al., 2013, ‘A randomized controlled trial comparing intravesical to extravesical 
ureteroneocystostomy in living donor kidney transplantation recipients’, Kidney International, 
Volume 85, Issue 2, pp. 471-477, Copyright © 2013. 


in kidney transplantation: a ‘conventional’ suprapubic splint and a 
JJ stent (double J). The disadvantage of a JJ stent is that it must be 
removed with use of a cystoscopy, which is an uncomfortable pro- 
cedure for the patient. A general suprapubic catheter (stent) can be 
removed manually. However, these catheters have a higher chance 
to dislocate. Several findings regarding a possible advantage of a 
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Fig. 9.4.10 Extravesical ureterovesical anastomosis with a stent placed in the 
pelvis of the kidney and externalized as a suprapubic catheter. 

Reprinted by permission from Macmillan Publishers Ltd: Kidney International, Slagt IKB 

et al, 2013, ‘A randomized controlled trial comparing intravesical to extravesical 
ureteroneocystostomy in living donor kidney transplantation recipients’, Kidney International, 
Volume 85, Issue 2, pp. 471-477, Copyright © 2013. 


ureteral stent have been published over the years. Some authors 
report no benefit of a stent, others show a significant decrease of 
urinary leakage and ureteral stenosis.!*!!#? There is no published 
evidence in favour of either a suprapubic or a JJ stent. 


Surgical complication 


Surgical complications after donation 


Several general complications can occur after LDN. A division can 
be made between early and late complications. 


Early complications 


Early complications consist of peri/postoperative bleeding (esti- 
mated to occur in approximately 1.6% of cases), wound 
infection, pulmonary embolism, and deep venous thrombosis. 
Although, often not scored as a complication, in approximately 
1-2% of donor nephrectomies, a conversion to another type of 
technique has to be performed. By taking appropriate precautions 
complications can be minimized. In our opinion, all donors should 
wear stockings perioperatively (although no evidence exists) and 
thrombosis prophylaxis should be given. Segev et al. reported in 
2010 that the mortality is approximately 3 per 10.000 donors.*° In 
2012, Friedman et al. strictly discouraged the use of hem-o-lock 
clips in donor nephrectomy, since at least eight donors died after 
use.!?4 Other causes of death after LDN are reported due to haem- 
orrhage and pulmonary embolism. 125-126 


Late complications 


Late complications consist of hypertension, diabetes, proteinuria, 
and renal failure, with incidences of approximately 7.5%, 7%, 1.2% 
and 0.3%, respectively.!?” Reassuringly, these numbers are compar- 
able to the general population.!?” However, transplant centres must 
remain cautious regarding extrapolating these results to specific 
donor groups.!?8 Especially, in the extended donors careful consid- 
erations must be made, because this group is possibly more prone 
to late complications. 12? 

Incisional hernias are a common surgical problem leading to 
significant morbidity, including pain, disability, and in some cases 
even intestinal obstruction and strangulation. An incidence of 1.5% 
of incisional hernias after donor nephrectomy is reported.!°° This 
rate is similar for the mini-open and laparoscopic approach. 


Surgical complications after kidney transplantation 


Surgical complications after KTx have reduced over time since the 
techniques have been refined. Reported rates of surgical complica- 
tions are low (5-10%).131 


Early complications 


Haemorrhage following surgery mostly occurs as a result of bleed- 
ing from the arterial or venous anastomosis and is rare, with an 
average risk of 0.3%. A reoperation is only required when the bleed- 
ing does not stop spontaneously, which is usually the case. 

Renal artery thrombosis, in contrast to renal artery stenosis, 
mostly occurs early after transplantation. Thrombosis is mostly 
due to a dissection of the intima or kinking of the renal artery. 
Diagnosis can be made with duplex ultrasound or with a radio- 
isotope renography (MAG3-scan) or CT-angiography. However, 
in clinical practice, these examinations may take too long, as in 


the case of a suspected thrombosis, an immediate intervention is 
required in order to save the graft. When there is no urine produc- 
tion from the graft, and an emergency ultrasound reveals no per- 
fusion, an emergency intervention should be undertaken. Possible 
interventions include reoperation with thrombectomy or percu- 
taneous transluminal angioplasty. In case of a timely diagnosis, 
such procedures are fairly successful but long-term graft survival is 
diminished because of extensive warm ischaemia times. 132-133 

Renal vein thrombosis (RVT) can be caused by surgical prob- 
lems and occurs in about 4% of transplantations and most often 
within the first 48 hours after surgery. Again, immediate surgery 
is required in order to salvage the graft and prevent bleeding. In 
addition, RVT may occur a few weeks after transplantation and is 
then mostly associated with hypercoagulable states such as may 
occur in patients with severe nephrotic syndrome or circulating 
anti-phospolipid antibodies. Furthermore, extension of a deep ven- 
ous thrombosis may extend into the renal vein.!34 Since these are 
normally ambulant patients, the moment of a definite diagnosis by 
duplex may be too late to salvage the graft, although theoretically 
thrombolysis may be an option. 

Renal artery dissection is a rare complication after transplant- 
ation and is mostly directly diagnosed during surgery. Mostly, the 
intima of the vessel wall is dissected, which can be immediately 
repaired by stitching/suturing the intimal flap and if necessary, with 
a (non-) or autologous patch or stentgraft. 

Another rare complication is pseudoaneurysm formation after 
transplantation. This is caused by a dehiscence of the arterial anas- 
tomosis or localized infection.!°>13° This complication can be 
asymptomatic, or result in hypovolaemic shock. Diagnostic modal- 
ities consist of ultrasound and/or angiography. 

Urinary leakage is mostly caused by a full or partial breakdown 
of the ureterovesical anastomosis. The recipient may present with 
pain, decreased urine output, leakage from the operation wound, 
delayed graft function, or worsening of renal function (as indicated 
by a rise in serum creatinine). Diagnosis is made with a MAG3- 
scan or (CT-)pyelography (Fig. 9.4.11). A percutaneous nephros- 
tomy drain can be placed to release tension and divert the urine. In 
most cases, the ureterovesical anastomosis heals over time. If not, 
surgical intervention is required.137 

The incidence of lymphoceles varies and is reported up to 18%. 
Lymphoceles mostly occur several weeks after transplantation. 
Large lymphoceles can cause compression of the ureter. To diagnose 
a lymphocele, first an ultrasound should be performed and, ideally, 
a puncture of the fluid collection could be taken when discrimin- 
ation between haematoma or urinoma is clinically relevant. Not all 
lymphoceles lead to symptoms, some resolve over time, and do not 
require an intervention. If symptomatic or in case of hydronephro- 
sis, percutaneous drainage can be performed, although there is a 
risk of infection. If recurrent, a laparoscopic fenestration should be 
considered, with a high success rate up to 95%.19 Others advocate 
sclerosis with ethanol.!4° A higher incidence of lymphoceles (OR 
2.07) has been reported in association with the use of immunosup- 
pressive agents belonging to the mTOR inhibitor class.!4! 

The incidence of wound infections differs in the literature with 
reported incidences as high as 20-25%.!42,!43 Most commonly, this 
complication is caused by wound haematomata, urine leakage, or 
lymphoceles. Fortunately, it rarely has a negative impact on the 
graft.!44 Wound infections can be superficial or deep. Superficial 
infections are mostly related to contamination from skin flora. 
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Fig. 9.4.11 Pyelography with leakage in the region of the ureterneocystostomy. 
(1) Pyelum; (2) ureter; (3) leakage; (4) bladder. 


Factors that pose a risk to the incidence of wound infections are 
urine leakage, diabetes, obesity, and use of mTOR inhibitors.!4! Deep 
infections are rare and mostly caused by urine leakage. Superficial 
infections can in generally be treated by opening the wound. If 
necessary, antibiotics can be prescribed in more severe cases to pre- 
vent systemic infections. Deep infections are treated with drainage 
and usually antibiotics. In most kidney transplant protocols, peri- 
operative antibiotic prophylaxis with cefazoline is included. 

Incisional hernias occur in 3-5% of kidney transplantations. Risk 
factors include reoperation, obesity and immunosuppressive agents 
(steroids, mTORi),1!0131,145 


Late complications 


Renal artery stenosis may occur post-transplantation and may lead 
to ischaemia of the kidney allograft and sometimes even loss of the 
graft. This is mostly a late complication occurring years after trans- 
plantation. Diagnostic options consist of a CT scan, or angiography. 
If a radiological intervention is not possible, surgery can be per- 
formed to restore vascularization. !4° 

Despite the use of ureteral stents, stenosis or obstruction of the 
ureter may occur, and lead to hydronephrosis (about 25%) (Figs 
9.4.12 and 9.4.13).!4” Patients present with a declining graft func- 
tion or prolonged DGE Ultrasound imaging is the best modality to 
determine whether there is hydronephrosis. Additionally, a (CT-) 
pyelography can be performed to reveal more specifically the pos- 
ition of the obstruction. In most cases it is necessary to place a 
percutaneous nephrostomy (PCN) to relieve the hydronephrosis. 
Reoperation (approximately 5%) with the construction of a new 
ureteroneocystostomy is the most common treatment with a high 
success rate.!48 Another treatment option is balloon-dilatation or 
laser endoureterotomy of the ureter. 149150 

A rare, but serious complication after peritoneal dialysis is encap- 
sulating peritoneal sclerosis (EPS). This complication is not unique 
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Fig. 9.4.12 Pyelography showing hydronephrosis and obstruction in the distal 
part of the ureter. (1) pyelum; (2) ureter; (3) distal obstruction; (4) bladder. 


to peritoneal dialysis patients, and can occur in other clinical condi- 
tions as well (cirrhosis with ascites, generalized peritonitis, or even 
idiopathic). The incidence of EPS in patients after peritoneal dialy- 
sis is reported in a range of 0.7% to 3.7%.!5! The exact aetiology is 
yet unknown, although exposure time to peritoneal dialysis fluids 
seems to be a risk factor. Paradoxically, discontinuing peritoneal 
dialysis (PD) seems to have a correlation with EPS and this can 
explain why it frequently occurs after transplantation. EPS is char- 
acterized by diffuse peritoneal membrane fibrosis, which leads to 
partial or complete encapsulation of the bowel, and ultimately to 
intestinal obstruction. The consequences of EPS are devastating 
and mortality rates exceed 50%, most commonly because of com- 
plications related to persistent bowel obstruction (e.g. perforation) 
and prolonged parenteral feeding.!°? Therapeutic options consist 


Fig. 9.4.13 Ultrasound showing distended renal calices in a patient with ureteral 
obstruction. 


of immunosuppressors like steroids and tamoxifen. Surgical enter- 
olysis and peritonectomy is an increasing successful therapeutic 
option for EPS.193-195 


Conclusion 


The incidence of ESRD continues to rise but the number of 
deceased kidney donors is by far not sufficient to meet demands. 
As a result, live kidney donation is increasingly performed. This 
can be attributed to the increasing awareness and the development 
of new donor-exchange programmes. Cross-over programmes 
may be further expanded and ideally a European living exchange 
programme is created. However, a programme of this magnitude 
will require extensive work and collaboration between transplant 
centres. Further future challenges lie in improving deceased donor 
organ quality (e.g. by machine perfusion? or ischaemic condition- 
ing!>°), thereby increasing the numbers of organs suitable for trans- 
plantation. Also, legislation for a mandatory registration of being a 
donor (or not) could increase the number of available organs. 
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CHAPTER 10.1 


lonizing radiation 
and radiation protection 


Jeannette Kathrin Kraft and Peter Howells 


Introduction to ionizing radiation 
and radiation protection 


In 1895 the German physicist Wilhelm Conrad Rontgen discov- 
ered X-rays when he noted that a fluorescent screen began to glow 
while he was experimenting with a vacuum tube. Soon after in 1896, 
Becquerel noted that photographic plates stored with uranium were 
fogged, discovering natural occurring radiation. By the early 1900s 
X-rays were used widely in medical imaging. However soon after 
discovery adverse health effects became apparent. Many early radi- 
ologists died of radiation-induced sickness and cancer.! In 1915 the 
British Roentgen Ray Society adopted radiation protection recom- 
mendations, probably representing the first joint effort at radiation 
protection. In the 1920s film badges were introduced for routine 
personnel monitoring and in 1925 the first exposure limits were set. 

The study of biological effects continued with the long-term fol- 
low up of people exposed to radiation from atomic bombs in Japan 
in the 1950s and is still ongoing today.” Radiation accidents such 
as Chernobyl in 1986 and Fukushima in 2011 increased public 
awareness. 

After the advent of computed tomography (CT) in the 1970s the 
use of ionizing radiation in medical imaging is steadily increasing. 
It is estimated that approximately 62 million CT examinations are 
performed yearly in the United States and approximately 4 billion 
radiological examinations are performed worldwide.*° The first 
direct study of cancer risk in children who have undergone CT 
scanning has recently been published.® Although the risk for any 
individual may not be substantial; the increasing radiation expos- 
ure to the population may be a health risk in the future. However, 
there is still a lack of awareness of radiation exposure and its associ- 
ated risks among medical practitioners.’ 


Definition of ionizing radiation 


Radiation is a form of energy transmitted through space. There 
are many types of radiation such as heat, light, radio waves, 
microwaves, X-rays, and gamma rays. The frequency of the waves 
describes its position in the electromagnetic spectrum. Low energy 
radio waves with low frequencies are at one end of the electro- 
magnetic spectrum; high frequency, high energy waves such as 
X-rays or gamma rays at the other end. High frequency waves that 
carry a large amount of energy can penetrate material and trans- 
fer energy to an atom that may cause displacement of an electron 
from its orbit around the nucleus. This process is called ionization. 
Ionizing radiation can be electromagnetic radiation such as X-rays 


or gamma rays or particulate radiation such as alpha particles, beta 
particles, or neutrons. It can be produced in a generator such as 
an X-ray machine or come from radioactive material as used in 
nuclear medicine or radiotherapy. 


Measuring radiation 
Absorbed dose 


When ionizing radiation passes through tissue, it deposits energy 
causing ionization and excitation of the matter. The amount of 
energy deposited divided by the mass of tissue exposed is called 
the absorbed dose. The unit of absorbed dose is joule per kilogram 
(J/kg) but for convenience it has been given a special name: gray 
[Gy]. This is an easy quantity to measure but is not a useful indica- 
tor of long-term risk. 


Equivalent dose 


Different kinds of radiation cause different biological effects for the 
same amount of energy deposited. For instance neutrons or alpha 
particles cause more damage per unit absorbed dose compared to 
X-rays or gamma rays. To allow for this a quality factor for radi- 
ation was introduced resulting in the equivalent dose. For X-rays 
and gamma rays, the absorbed dose equals the equivalent dose. The 
unit of equivalent dose is also joule per kilogram (J/kg) but to avoid 
confusion it has been given a different name: sievert [Sv]. 


Effective dose 


In addition tissues have different sensitivity to radiation due to 
cell turnover rate and tissue specific characteristics. To account for 
this a tissue weighting factor was added to modify equivalent dose 
resulting in the effective dose. The unit for the effective dose stays 
the same: sievert [Sv]. Doses in medical imaging and radiation pro- 
tection are usually organ specific and refer to effective doses. As 
they are often small, most are expressed as milli sievert [mSv]. 


Indicators of dose 


In practice, it is not possible to measure effective dose directly. 
Within a procedure other indicators of dose are generally used, 
such as the dose area product (DAP) in radiography and fluoros- 
copy or dose length product (DLP) in CT. DAP measures the dose 
in air multiplied by the X-ray beam area at a point close to the X- 
ray unit. This quantity is a constant for any distance from the X-ray 
tube. DLP measures the dose per rotation of the CT scanner mul- 
tiplied by the length of the patient included in the scan. Effective 
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dose can be inferred from each of these values but only with know- 
ledge of other parameters. 


Sources of ionizing radiation 


Radiation is a natural phenomenon which we are exposed to con- 
tinuously from natural and artificial man-made sources. Low levels 
of radiation cannot be seen or felt, so people are not usually aware 
of it. 


Natural background radiation 


Natural background radiation is all around us and includes high 
energy cosmic rays, radioactive nuclides from the earth crust such 
as uranium and thorium and radon gas. The annual effective dose 
from natural background radiation varies substantially throughout 
the country and the world due to variation in altitude and the con- 
stituents of the soil. The average annual effective dose from natural 
sources in the world is estimated to be 2.4 mSv.8 When describing 
radiation exposure from medical examinations we often compare the 
dose received from that examination to natural background radiation. 


Man-made radiation 


Radiation exposure may be increased in several ways due to 
human activity and technological processes, for example air travel 
(increased levels of cosmic radiation); nuclear testing and nuclear 
accidents such as Chernobyl 1986; nuclear power production; 
occupational exposure; and consumer products such as electronic 
equipment, fire alarms, and luminous numbers on watches and 
clocks. However the largest amount of man-made radiation expos- 
ure is through medical imaging procedures. 


Medical exposures 


Medical exposures account for 98% of the contribution from all 
artificial sources and are now the second largest contributor to the 
population dose worldwide, representing approximately 20% of the 
total from all sources. It is estimated that from 1997-2007 approxi- 
mately 3.6 billion medical radiation procedures were performed 
annually worldwide, an increase of 40% on the last decade.® This 
increase is demonstrated particularly for high dose examinations, 
such as CT scanning which are increasing more rapidly than other 
techniques. Medical radiation procedures were 65 times more fre- 
quent in developed countries compared to underdeveloped coun- 
tries reflecting an imbalance of radiation exposure and healthcare 
provision. In several countries medical radiation exposure is now 
larger than exposure from natural sources.® 


Potential health effects of ionizing radiation 


Biological effects 


As previously described high energy ionizing radiation causes dis- 
placement of an electron from its orbit around the nucleus. This elec- 
tron can cause direct damage when the electron hits a strand of DNA 
or indirect damage when the electron reacts with surrounding water 
molecules producing free radicals or ions. A free radical is a molecule 
with unpaired electrons that in turn avidly undergoes chemical reac- 
tions with surrounding molecules such as DNA. Damage to a cell's 
DNA may have several consequences. Single strand breaks may sim- 
ply be repaired without detrimental effects to the cell. However dou- 
ble strand breaks could be repaired incorrectly which can potentially 


cause hereditary effects if occurring in gonadal cells or produce 
malignancy through activation of oncogenes.* 

The amount of damage to an individual or organ depends on the 
type and amount of radiation and therefore the energy transferred to 
the tissues, the duration of exposure, the distance from the radiation 
source and whether the exposure was continuous or intermittent. 

The probability of a tissue or organ to suffer effects from ionizing 
radiation is called radiosensitivity. Tissues with high rates of mitosis 
and undifferentiated cells are the most sensitive. Therefore bone mar- 
row cells, gonads, lens cells, and bowel mucosal cells are highly sen- 
sitive whereas bone and neural cells are relatively less radiosensitive. 


Tissue reactions (deterministic effects) 


Ionizing radiation may cause acute effects which are largely due to 
cell death. They require a threshold dose of manifestation which is 
not the same for each individual or tissue. These are also known as 
deterministic or non-stochastic effects and are usually seen at high 
radiation doses such radiotherapy or radiation accidents. Because 
a threshold can be identified, radiation protection measures and 
occupational dose limits can eliminate such effects for workers. 
Deterministic effects include skin erythema, ulceration and burns, 
bone marrow depression, cataracts, acute radiation sickness, steril- 
ity, and foetal death.? Healing may occur but damage to tissues may 
result in fibrosis or necrosis. Although relatively rare such effects 
have been observed from medical imaging such as CT scanning 
and interventional procedures.!0-!2 


Random (stochastic effects) 


Damage to a cell’s DNA increases the probability of cancer induction. 
If germ cells are affected, hereditary effects in dependents may be 
observed. Those effects are random and long-term, and also known 
as stochastic or non-deterministic effects. The first study investigat- 
ing the direct risk of cancer induction from medical imaging was 
published in 2012. It has shown a small increased risk of leukaemia 
and brain cancer after cranial CT in children.® More recent stud- 
ies also report a link between childhood CT scans and increased 
risk of cancer with some taking predisposing factors for cancer into 
consideration.!3-!5 Lifespan studies on atomic bomb survivors indi- 
cate increased risk for development of leukaemia and solid cancers 
including stomach, lung, liver, colon, breast, gallbladder, oesopha- 
gus, bladder, and ovary after exposure to ionizing radiation.” 


Estimating risk from medical examinations 


Cancer risk 


At the low radiation doses (effective doses less than 100-200 mSv) 
commonly used in medical imaging, statistical limitations make 
it difficult to accurately estimate cancer risk. Extraordinarily large 
numbers of patients would need to be followed up over a lifetime to 
quantify risk at low doses of radiation exposure.!® Most of the avail- 
able data on cancer induction was therefore extrapolated from high 
radiation doses received over a short time interval such as from 
the atomic bomb survivors and radiation accidents. The assump- 
tion that radiation risk continues in a linear fashion when extrapo- 
lated from high to low doses is termed the linear non-threshold 
model.!®!7 At present this model is the most widely accepted the- 
ory to describe radiation effects at low doses. It assumes that no 
level of radiation exposure is safe and that even the smallest dose of 
radiation has a potential to cause harm. 
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Data from atomic survivors and radiation accidents has been used 
to develop risk models and theories. Such models predict that for a 
radiation exposure of 0.1 Sv above background radiation one person 
in 100 would be expected to develop cancer. Similarly, for a radi- 
ation exposure of 10 mSv, which is approximately the effective dose 
that would be received from a CT scan of the abdomen, 1 in 1,000 
people could be expected to develop cancer.!” At present it is not 
possible to determine whether a cancer was induced by radiation 
or any other cause. In a population, radiation effects especially from 
low dose radiation can be obscured by the large number of non- 
radiation cancers occurring: 1 in 3 people will develop cancer from 
natural causes and 1 in 6 people are predicted to die of such cancer.!” 

There is also a considerable latent period between radiation 
exposure and the induction of cancer. The mean latent period 
for leukaemia is 7-10 years, for bone tumours 10-15 years, and 
approximately 20 years for most solid tumours.!® This time lag of 
cancer induction explains the higher risk for younger patients and 
the relatively low risk for elderly patients. 


Hereditary defects 


Excess hereditary effects due to radiation exposure have not been 
demonstrated in humans and were not detected in atomic bomb 
survivors of Hiroshima and Nagasaki.+!” Minor effects are likely 
to be so small that current studies are unable to differentiate them 
from naturally occurring mutational effects. However radiation- 
induced mutations can theoretically occur in reproductive cells 
(egg and sperm) resulting in hereditable diseases. Such effects have 
been previously demonstrated in animal studies, mainly mice.!° 


Risks to the foetus 


In utero radiation of the foetus can cause great anxiety. Radiation 
exposure very early on in a pre-implantation stage could lead to 
an all or nothing phenomenon of spontaneous abortion or normal 
pregnancy. High doses delivered during organogenesis may cause 
central nervous system (CNS) abnormalities inducing microceph- 
aly or mental retardation. Malformations are thought to have a 
threshold of 100-200 mGy absorbed dose which is rarely reached in 
medical diagnostic imaging. During the third trimester the organs 
are developed and the risk of congenital malformations is low but 
there is a small risk of inducing cancer or leukaemia. However 
diagnostic radiological procedures should not normally exceed 50- 
100 mGy and with such an exposure there is a 99% chance that the 
child will not develop cancer or leukaemia.?°?! Children and the 
foetus are more sensitive to ionizing radiation than adults due to 
the larger number of dividing cells and the longer lifespan available 
to develop cancer. 


Absolute risk to a patient 


An estimation of somebody’s risk from a medical procedure can be 
made by applying the average effective dose of the procedure and 
taking the age of exposure, the organ irradiated, and the sex into 
account.” As risk from radiation exposure is cumulative, radiation 
doses from several procedures are added to calculate risk. 
However, considering the benefits from imaging in diagnosing 
illness and injury, a medically indicated imaging study will almost 
always outweigh the risk associated with it. This is especially appar- 
ent when evaluating risks associated with common daily activities 
such as driving a car. Those activities carry a much higher risk of 
dying than the cancer risk of 1:1,000 associated with a single CT 


scan of abdomen delivering a dose of 10 mSv.!73.24 Therefore when 
assessing radiation exposure at very low radiation doses such as for 
instance for single exposure of a chest radiograph (0.01 mSv), the 
risk of radiation-induced cancer persists but in practice becomes 
negligible.?4 


Quantifying radiation in medical imaging 


When describing radiation doses received by patients we often com- 
pare this to natural background radiation (2.4 mSv per year). Effective 
doses for most radiological examinations have been published.*5 
Plain film radiographic examinations vary by a large factor from 
0.001 mSv to 10 mSv, CT examinations have relatively high average 
effective doses between 2 and 20 mSv and interventional procedures 
can give effective doses between 5 and 70 mSv.?5 For comparison a 
round trip flight from London to New York will result in a radiation 
exposure due to increased cosmic radiation of about 0.1 mSv.!® 

From time to time, the Health Protection Agency (HPA), now 
Public Health England publishes the results of national patient 
dose surveys performed in the United Kingdom, for radiological 
examinations and for CT.*°27 The doses are typically shown as 
entrance dose, DAP or DLP for CT, but effective doses can be esti- 
mated from tables published by the National Radiation Protection 
Board.?8 Doses of selected examinations are shown in Table 10.1.1 
and Table 10.1.2. 


Managing patient risk 


Even though uncertainties remain about the absolute risk of low 
dose radiation, the risk is not entirely negligible. Concerns about 
radiation and induction of cancer are likely to be in the public focus 
for the foreseeable future. It is therefore the responsibility of all 
healthcare professionals to manage and control the risk to protect 
patients. This point is reinforced by government authority through 
legislation. 


The lonising Radiation (Medical Exposure) 
Regulations 2000 


The Ionising Radiation (Medical Exposure) Regulations 2000 
impose obligations on hospital authorities and clinicians to min- 
imize radiation doses to patients.”° The three principles governing 
patient protection in medical imaging are justification, optimiza- 
tion and dose reference levels (DLRs). 


Table 10.1.1 Typical effective doses to adults from selected 
radiological procedures 


Radiograph 3rd quartile dose area Effective dose estimated 
product (DAP) per from NRPB coefficients 
radiograph (Gycm?) (mSv) 

Chest PA 0.3 0.03 

Abdomen AP 44 dal 

IVU 14 25 


Source: data from Hart D et al, Doses to patients from radiographic and fluoroscopic X-ray 
imaging procedures in the UK-2010 Review, Health Protection Agency, HPA-CRCE-034, 
Chilton, UK Copyright © 2012; and Estimation of Effective Dose in Diagnostic Radiology 
from Entrance Surface Dose and Dose-Area Product Measurements, NRPB-R262, National 
Radiological Protection Board, Chilton, UK, Copyright © 1994. 
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Table 10.1.2 Typical effective doses to adults from selected CT 


procedures 

CT scan Reference dose length Effective dose estimated 
product (DLP) per scan from NRPB coefficients 
(Gycm) (mSv) 

Chest (high 170 24 

resolution) 

Abdomen 470 7.) 

Chest, abdomen, 940 14.1 

and pelvis 


Source: data from Shrimpton PC et al, Doses from Computed Tomography (CT) 
Examinations in the UK-2003 Review, NRPB-W67, National Radiological Protection Board 
Chilton, UK Copyright © 2005; and Estimation of Effective Dose in Diagnostic Radiology 
from Entrance Surface Dose and Dose-Area Product Measurements, NRPB-R262, National 
Radiological Protection Board, Chilton, UK, Copyright © 1994. 


Imaging selection 


Not all imaging modalities use harmful radiation. The same infor- 
mation might be acquired with an imaging modality that does not 
use ionizing radiation such as sonography or magnetic resonance 
imaging. Sometimes it can be beneficial just to observe the patient 
for a time period for symptoms to unmask. This is part of a decision 
process to justify the examination. 


Justification 


For each examination performed there should be careful risk/ bene- 
fit analysis. It is the responsibility of the clinician as the ‘Referrer’ 
(term under IRMER) to supply sufficient information for the 
radiology professional as the ‘Practitioner’ to decide whether the 
examination is justified. The iRefer: Making the best use of clinical 
radiology publication by the Royal College of Radiologists can help 
clinicians to select appropriate imaging.*° For most examinations, 
the radiographer or ‘Operator’ working within departmental proto- 
cols will decide whether to proceed and perform the examination. 
This is not unique to the risk assessment associated with ionizing 
radiation. Similar consideration are made for instance when con- 
sidering the risk of bleeding or infection from a diagnostic biopsy, 
the risk of general anaesthesia or simply whether it is safe for the 
patient to be transferred to a different department. 


Technique selection and optimization 


If imaging using ionizing radiation is necessary the radiology pro- 
fessional will aim to use the lowest possible radiation dose giving an 
accurate diagnosis. This attempt at optimization refers to the ALARA 
principle of reducing the radiation dose to ‘as much as reasonably 
achievable or practicable: This includes only scanning the area indi- 
cated (e.g. renal area rather than the whole abdomen), working under 
local protocols, adjusting scanning parameters for children and to 
avoid multiple phase scanning (e.g. non-contrast, arterial and portal 
venous phase CT scans) and controlling scan time in fluoroscopy. 
Optimization also includes quality assurance programmes, regular 
audits, and planned replacement of elderly or outdated equipment. 


Repeat studies 

Repeat studies can be avoided. Patients with chronic or long-term 
problems such as young patients (e.g. with nephrolithiasis) should be 
carefully managed as radiation dose is thought to be cumulative over 


time. These patients should not be repeatedly subjected to CT scans 
each time they present. Perhaps the clinical question can be answered 
with an ultrasound scan, reserving CT scanning for problem solving. 
Discussion with the radiology professional should be encouraged. 


Diagnostic reference levels 


Under IRMER, diagnostic reference levels (DRLs) should be estab- 
lished for each standard examination and type of equipment at 
each imaging department. These levels indicate the radiation dose 
a typical patient is likely to receive from a standard radiological 
examination. However DRLs are not strictly dose limits as the radi- 
ation dose received by a patient depends on factors such as patient 
size, the technique selected, and for fluoroscopic examinations the 
screening time. DRLs may be seen as action thresholds and are 
regularly audited. If they are regularly exceeded further optimiza- 
tion of technique, or particular justification is needed. 

Radiation doses from interventional procedures can be high, 
particularly to the skin where the same area is persistently irradi- 
ated during an extended procedure. For such procedures, similar 
action thresholds, in terms of DAP or total screening time, can be 
used to inform the radiology professional of the possibility of tissue 
reactions and possible injury that would be likely to result if the 
same body area is continuously irradiated. 


Communication and education 


Communication between the clinician and the radiology profes- 
sional is important and will help to tailor a radiological investigation 
to the patient's needs reducing the amount of radiation. Educating 
clinicians and patients about the risk of radiation exposure from 
medical procedures is the aim of campaigns such as ‘Image gently’ 
for children and ‘Image wisely’ for adults.3132 


Minimizing risk to staff 
Principles 


Any measures that reduce patient dose also reduce potential occu- 
pational dose to staff.’ During fluoroscopy, dose can be reduced 
by reducing the beam size through collimation, using pulsed fluor- 
oscopy, and last image hold instead of continuous screening and by 
keeping exposure times as short as possible. 

While it is commonly known to stay away from the primary beam 
directed at the patient, a significant dose to the operator when per- 
forming fluoroscopic examinations in theatre is from scattered radi- 
ation. The inverse square law demonstrates that doubling the distance 
to the source reduces the dose by a factor of four. Therefore stepping 
back during exposure or using a remote control will significantly 
reduce staff doses. Structural shielding and protective clothing such as 
aprons, thyroid shields, and goggles reduce the dose received by staff. 
Local rules and procedures are in place to protect staff and should be 
regularly reinforced through continuous education and training. 


Dose monitoring 


Usually, employees working with ionizing radiation are regu- 
larly monitored. The International Commission on Radiological 
Protection (ICRP) has recommended dose limits for staff working 
with ionizing radiation and these are reiterated in UK radiation 
protection legislation.*4 For employees over 18 years of age the 
annual limit on effective dose is 20 mSv, for trainees and employees 
under 18 years, 6 mSv and 1 mSv per year for the general public.>>*4 
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Additional annual limits on dose are set at 500 mSv equivalent dose 
for extremities, such as the fingers and hands of those involved in 
interventions, and for each 1 cm? skin. An annual limit on dose to 
the lens of the eye is set at 150 mSv, but is under review at the time 
of writing, with the expectation that it will be reduced to 20 mSv. 
In practice, occupational doses are constrained below these annual 
limits with a requirement to ‘classify’ radiation workers whose 
doses are expected, following risk assessment of their work, to 
exceed three-tenths of any annual limit. 


Conclusion 


Medical imaging using ionizing radiation has become invaluable in 
evaluating the sick patient. Radiation should not be feared, espe- 
cially in emergency situations such as trauma imaging with a clear 
benefit from scanning. Radiation cannot be entirely avoided but it 
can be managed following the ALARA principle. Medical expo- 
sures should be justified, duplication of scans should be avoided 
and the lowest radiation dose consistent with the diagnostic object- 
ive should always be used. 
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Ultrasound 


Toby Wells and Simon J. Freeman 


Ultrasound physics 


Greyscale ultrasound 


Ultrasound creates an image using short duration pulses of high 
frequency sound waves generated by electrically stimulating a 
piezoelectric crystal in a hand-held ultrasound transducer. The 
pressure wave generated is transmitted to the patient using a coup- 
ling gel between the transducer and skin surface. Returning echoes 
hit the same crystal and the vibrations induced are reconverted to 
an electrical signal which is then processed to create the image. 

Different tissues reflect to varying degrees when exposed to 
the ultrasound beam; this behaviour is largely determined by tis- 
sue density and is expressed as the ‘acoustic impedance’—at the 
boundaries between soft tissues of different acoustic impedance 
the sound wave is partially reflected. If the interface is close to 
perpendicular with the ultrasound beam (more than 60 degrees) 
the reflected echo will return to the transducer and be detected; 
its strength determines the brightness of the interface on the dis- 
play. At soft tissue/air or soft tissue/bone interfaces the differ- 
ence in acoustic impedance is so great that almost all the sound is 
reflected and none left to image deeper structures; the inability of 
ultrasound to penetrate gas-filled organs (such as bowel or lung) 
and bone can cause difficulty in obtaining a diagnostic ultrasound 
study. Other echoes are derived from tiny tissue structures that are 
similar in size to the ultrasound wavelength; rather than reflect 
the ultrasound beam these cause it to be scattered in all direc- 
tions. This phenomenon is of particular importance in generat- 
ing a Doppler signal from moving red blood cells. Ultrasound is 
assumed to have a constant velocity in soft tissue (about 1,540 m/ 
s); therefore the time interval between transmission of the ultra- 
sound pulse and reception of the returning echo can be used to 
calculate the distance of the reflecting interface from the trans- 
ducer. The crystals within the transducer are fired sequentially 
and the returning reflected and backscattered echoes analysed for 
their strength and delay. This information is used to construct a 
real-time two-dimensional image, referred to as the greyscale or B 
(brightness)-mode. 

Higher frequency sound produces images of higher resolution, 
but the sound is attenuated more quickly and so tissue penetra- 
tion is reduced. This should be borne in mind when selecting the 
appropriate transducer for an ultrasound study; a high frequency 
transducer (7-11 MHz) gives better resolution and is ideal for 
imaging superficial structures such as the testes, or for endocavity 
use such as in transrectal ultrasound. A lower frequency transducer 
(3.5-5 MHz) is usually required to visualize abdominal structures 
such as the native kidneys. Selecting the appropriate transducer is 
therefore a trade-off between image quality and depth penetration. 


Resolution is optimized by ensuring that the focus of the beam is 
adjusted to the level of the region of interest. High frequency trans- 
ducers usually have a flat surface (linear array) producing a par- 
allel ultrasound beam of the width of the transducer (see “Penile 
ultrasound’ section). Lower frequency abdominal (see ‘Paediatric 
urological ultrasound’ section) and endocavity transducers (see 
‘Bladder ultrasound’ section) usually have a curved surface pro- 
ducing a diverging ultrasound beam and a wide ultrasound sector. 

Harmonic imaging and spatial compounding are techniques that 
are now routinely employed by most manufacturers to produce 
images with less artefact and greater resolution or clarity. 


Doppler ultrasound 


The Doppler effect is the change in frequency that occurs when a 
sound source or detector are moving relative to one another. This 
is a familiar phenomenon to us in our everyday lives; for example, 
the change in tone of a siren as an emergency vehicle passes a static 
observer. The same principle can be employed in diagnostic ultra- 
sound to demonstrate and measure blood flow. The frequency shift 
of an ultrasound wave that has been scattered by cells in moving 
blood is proportional their velocity. Blood flowing towards the 
transducer will increase the frequency; conversely flow away from 
the transducer will decrease the frequency. The frequency shift that 
results is small in comparison with the transmitted frequency; usu- 
ally in the audible range. The Doppler frequency shift also depends 
on the transmitted ultrasound frequency and the cosine of the 
angle between the ultrasound beam and the direction of blood 
flow. The greatest Doppler frequency shift is generated when blood 
is flowing directly towards or away from the transducer, and there 
is no Doppler signal if the vessel is parallel to the transducer. The 
ultrasound practitioner must therefore optimize probe position- 
ing and, where possible, utilize electronic beam steering to ensure 
a satisfactory angle. If measurement of flow velocity is required the 
angle of blood flow relative to the ultrasound beam must be manu- 
ally selected using angle correction which permits the flow velocity 
to be calculated from the Doppler frequency shift; in this situation 
the angle should be 60 degrees or less. Doppler information may be 
displayed as either a plot of velocity against time on a pulse wave 
(spectral) graph, or alternatively direction of flow and velocities, 
and may be translated into different colours on a colour flow map. 
Power Doppler is another mode that assigns colour to blood flow, 
but it uses the power of the Doppler signal rather than the fre- 
quency shift. It is more sensitive to low flow than colour Doppler 
but gives no information about velocity or direction of flow. 

The normal spectral arterial renal Doppler trace has high velocity 
flow in systole but also persistent forward flow throughout diastole, 
with a trace likened to a ‘ski slope’ (see ‘Renal transplants’ section). 
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Various parameters have been described to quantify this pattern. 
One of these, the resistance index (RI), is described in the renal 
transplant ultrasound section. 


Ultrasound contrast imaging 


Ultrasound contrast agents are being increasingly used in many 
different areas of ultrasound practice. The most recent agents are 
based on stabilized microbubbles of perfluorocarbon gas in lipid 
shells. These have an excellent safety profile and no renal toxicity. 
Ultrasound takes advantage of the resonant properties of the micro- 
bubbles in the sound beam, enhancing visualization of blood flow. 
Contrast-enhanced ultrasound (CEUS) studies are performed at 
very low power settings using harmonic techniques; this requires 
specific software which is now available on most mid and high range 
systems. There are many potential applications of ultrasound con- 
trast agents in urology, including characterization of complex renal 
cysts, renal vascular disorders, infection, transplant assessment, 
differentiation between complex renal cysts and solid lesions and 
between renal pseudomasses and tumours.” There are further appli- 
cations for CEUS in scrotal, bladder, and prostatic ultrasound.’ 


Safety 


Ultrasound is a safe imaging technique which does not involve ion- 
izing radiation. Despite the enormous number of ultrasound studies 
performed there are no confirmed deleterious medical side effects 
of this technique but it is good practice to minimize exposure by 
adjusting the power output to the lowest possible levels to obtain a 
diagnostic quality image, and minimizing scan time. This is of par- 
ticular importance in obstetric imaging when scanning the foetus. 

Energy is transmitted to the patient during ultrasound examina- 
tions and this may cause mechanical or thermal effects. The main 
mechanical concern is cavitation (the collapse of gas filled bubbles 
liberating energy) with a risk of local tissue damage. An estimate of 
the probability of cavitation occurring is displayed as the mechan- 
ical index (MI) on the ultrasound machine display. Cavitation is of 
particular concern when ultrasound contrast microbubble agents 
are used at high acoustic power settings and at gas/ tissue inter- 
faces. The probability of tissue heating occurring is displayed as the 
thermal index (TI). 

For a more comprehensive review of clinically based ultrasound 
principles and physics, the reader is directed towards Allan et al. 
(2011) in the suggested reading list. 


Renal ultrasound 


Introduction 


Ultrasound is established as the primary imaging modality in 
many conditions affecting the kidney. It is usually the first choice 
investigation for renal functional impairment, haematuria,* and 
urinary tract infection. Although non-contrast computed tomog- 
raphy (CT) is the imaging investigation of choice in most patients 
presenting with loin pain, ultrasound is still used in certain cir- 
cumstances such as pregnancy and in children. Ultrasound is also 
frequently used to characterize incidental lesions found on other 
imaging modalities as solid or cystic. 


Technique and normal appearances 


To achieve accurate diagnosis requires attention to good ultra- 
sound technique. The kidneys are orientated such that their upper 


poles are situated posteromedially to the lower poles. This should 
be borne in mind when orientating the transducer to obtain a 
true long axis image of the kidneys. Close anatomical relation to 
the bowel means the lower poles are frequently obscured by bowel 
gas, and the upper poles may be obscured by ribs. Scanning usually 
begins with the patient in the supine position using a 3-5 MHz 
curvilinear transducer. Views of the right kidney can be facilitated 
by using the liver as an acoustic window. Scanning intercostally 
but angling down towards the feet may allow visualization of the 
lower poles when they would otherwise be obscured and compres- 
sion can be used to displace gas. Rolling the patient into the lateral 
decubitus position and deep inspiration may also be of assistance. 
Fasting is generally not considered necessary preparation for renal 
ultrasound. 

It should be noted that although the kidneys, adrenals, and per- 
inephric fat are enclosed in Gerota’s fascia, the two layers may not 
be fused inferiorly and medially to the kidneys. This can allow con- 
siderable mobility of the kidneys inferiorly and across the midline 
when rolling some patients onto their side. 

The renal cortex, medulla, and sinus can be differentiated on 
ultrasound. The central renal sinus fat is usually echogenic and 
the medullary pyramids are echo poor. The cortex covers the bases 
of the pyramids, extends down between them in the columns of 
Bertin, and is of intermediate echogenicity (Fig.10.2.1). The relative 
reflectivity of the cortex is often compared to the adjacent liver or 
spleen, with the normal renal cortex being less echogenic (darker) 
than the normal liver and spleen. 

Much of ultrasound assessment of the kidney is subjective, but a 
commonly used quantitative measurement is renal length. Normal 
adult renal length is 10-12 cm, typically slightly larger on the left 
side and in male patients. Renal length correlates with the patient's 
height and a decrease in size is seen in old age. Other measure- 
ments such as renal parenchymal thickness can be performed 
(where a value of more than 10mm is normal).° 

Direct visualization of renal arteries and veins can be achieved at 
the renal hila or by scanning the aorta and retroperitoneum from 
a variety of positions. Assessment of the spectral Doppler wave 
form in the main renal artery is often possible; a peak systolic flow 
velocity of greater than 180 cm/s is considered by many to be an 
indicator of haemodynamically significant renal artery stenosis,’ 


Fig. 10.2.1 Greyscale image of a normal kidney. There is a small hypertrophied 
column of Bertin (arrow). Echopoor medullary pyramids (*) and echogenic renal 
sinus fat (s) can be appreciated. 


while other authors have found that the ratio of renal artery to aor- 
tic peak velocity more reliable.® Ultrasound assessment of native 
renal artery stenosis is however frequently technically difficult or 
impossible and CT or MRI angiography is now considered a more 
reliable technique.? Renal perfusion can usually be readily dem- 
onstrated by colour or power Doppler with vessels as small as the 
interlobular arteries frequently resolved in slim patients and trans- 
plant kidneys. 


Congenital abnormalities and pseudomasses 


Numerous congenital abnormalities and pseudomasses of the kid- 
neys have been described and can be demonstrated with ultrasound. 

Renal ectopia is most commonly due to incomplete ascent. Pelvic 
kidneys are found in between 1 in 2,200 and 1 in 3,000 patients, 
are more common on the left side and are prone to ureteropelvic 
junction obstruction and formation of calculi.!° The pelvic kid- 
ney can usually be identified by ultrasound but will frequently be 
mal-rotated and hydronephrotic and may be misinterpreted as a 
pathological mass by the unwary ultrasound practitioner who fails 
to note the absence of a kidney in the ipsilateral renal fossa. The 
most common fusion abnormality is the horseshoe kidney, which 
occurs in 1 in 400 individuals. The isthmus of tissue joining the 
lower poles is not always visible on ultrasound as it may be very 
thin or obscured by bowel gas, and ultrasound diagnosis may be 
difficult.!! This condition should be suspected if the kidneys have 
an abnormal orientation with medial displacement and poor visu- 
alization of the lower poles, anterior position of the renal pelvis and 
a curved renal shape. Crossed fused renal ectopia is occasionally 
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also seen on ultrasound as an enlarged elongated unilateral kid- 
ney with two distinct renal sinus complexes, often with a different 
orientation.!* Unilateral renal agenesis has an approximate inci- 
dence of 1 in 1,000, and is usually associated with compensatory 
hypertrophy of the contralateral kidney. 

Duplex kidneys are one of the more common congenital abnor- 
malities found in between 2.7-4.2% of patients on urographic 
series.!3 Although ultrasound cannot usually make a definitive 
diagnosis, the condition can be inferred when the kidney is large 
in comparison with the contralateral side with a band of renal 
cortex dividing the sinus in the interpolar region. The upper moi- 
ety may be hydronephrotic due to obstruction by a ureterocoele,!4 
which should be sought on bladder scanning. The lower moiety 
may have a dilated collecting system or cortical scarring second- 
ary to reflux. 

Hypertrophied columns of Bertin represent a protrusion of 
normal parenchymal tissue into the renal sinus and are a regu- 
lar finding on ultrasound, seen in almost half of kidneys in one 
study.!5 The column is isoechoic with adjacent renal cortex and 
there should be no contour abnormality of the overlying renal tis- 
sue (Fig. 10.2.1). Splenic (Dromedary) humps are a focal bulge of 
normal renal parenchyma arising from the interpolar region of the 
kidney, usually on the left side. Many patients also show regular 
indentations of the renal contour representing persistent foetal lob- 
ulation. These conditions need to be recognized as a normal variant 
rather than a renal mass or scarring.!6 Ultrasound contrast agents 
can be very helpful in confirming that pseudomasses are normal 
renal tissue (Fig. 10.2.2).!7 


Fig. 10.2.2 Splenic (dromedary) hump. (A) Greyscale ultrasound shows a focal bulge (arrow) of the middle-third of the left kidney of concern for a pathological 


mass. (B) Following injection of ultrasound contrast microbubbles, the area of concern shows identical enhancement to normal renal parenchyma confirming that it 


represents normal renal tissue. 
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Fig. 10.2.3 Hydronephrosis and parapelvic cysts. (A) Hydronephrosis: there are interconnecting fluid-filled spaces in the renal sinus representing the dilated pelvicalyceal 
system. (B) Parapelvic cysts: cystic areas in the renal sinus (c) represent cysts rather than collecting system dilatation. Note the similarities between the two conditions; in 
difficult cases further imaging (IVU or CT urography) may be necessary to distinguish between the two. 


Ureteric obstruction and renal stone disease 


Ultrasound is frequently requested to rule out obstruction, either 
as a cause of renal functional impairment or in patients with flank 
pain. Ultrasound is extremely accurate in detecting hydronephro- 
sis,!® but it should be remembered that ultrasound demonstrates 
anatomical rather than functional changes.!? Pelvicalyceal dila- 
tation may occur in conditions other than obstruction, such as 
vesicoureteric reflux, and there may be no dilatation for several 
hours following the onset of ureteric obstruction.” Hydronephrosis 
is recognized when the echogenic renal sinus is replaced by com- 
municating fluid-filled anechoic spaces, representing the dilated 
pelvicalyceal system (Fig. 10.2.3A). It is important to demonstrate 
this communication as parapelvic cysts can be mistaken for dilated 
calyces (Fig. 10.2.3B). 

There is also a delay in the restoration of normal appearances 
after relief of an obstruction, often for several days, and a degree 
of pelvicalyceal dilatation may persist indefinitely, particularly after 
relief of longstanding or severe obstruction. A number of grading 
systems have been proposed for the severity of hydronephrosis 
but simply stating mild, moderate, or severe is usually adequate. 
The accuracy of ultrasound in diagnosing renal obstruction can 
be improved by the use of Doppler techniques. Elevated intrarenal 
vascular resistance in an obstructed kidney can be demonstrated by 
spectral Doppler examination.?!? Colour Doppler ultrasound can 
also be used to demonstrate absence or abnormality of jets of urine 
entering the bladder in patients with ureteric obstruction.”* These 
techniques can be of particular value in the evaluation of pregnant 
patients with flank plain where differentiation between physio- 
logical hydronephrosis and hydronephrosis due to stone obstruc- 
tion can be particularly difficult and where the use of imaging 
investigation using ionizing radiation is undesirable.2+75 MRI can 
be very helpful in difficult cases and is safe after the first trimester.7° 

Renal stones appear as a bright echogenic focus with acoustic 
shadowing extending posteriorly (Fig. 10.2.4). Within the kidney 
it can be difficult to distinguish a small stone from the echogenic 
renal sinus. Sensitivity is improved by using a higher frequency 
transducer and ensuring the focus is located at the level of the sus- 
pected calculus. Ultrasound has a reported sensitivity of 96% and 
specificity of 89% for detection of stones in the pelvicalyceal system 


(with tomography as the gold standard),’ but the figure is as low 
as 37% for ureteric calculi,?® largely due to overlying bowel gas. In 
female patients transvaginal ultrasound can be used to demonstrate 
distal ureteric stones.2? CT has now emerged as the investigation 
of choice for renal stone disease and should be the first line inves- 
tigation for most patients with acute onset loin pain performing 
much better than ultrasound (and intravenous urography) in this 
situation.°° 


Solid and cystic renal masses 


Ultrasound is excellent at differentiating solid from cystic lesions of 
the kidney. Simple cysts are very common and increase in incidence 
with age.3! Sonographically cysts are anechoic, normally spherical, 
and have posterior acoustic enhancement—the area behind the 
cyst appears brighter than at the equivalent depth elsewhere on the 
image. They may be parapelvic, intraparenchymal or exophytic, in 
which case observing movement with the kidney on respiration is 
helpful in making the diagnosis. 


L-Kidney 


Fig. 10.2.4 Large renal stone showing an echogenic interface with dense 
posterior acoustic shadowing (arrows). 


ULTRASOUND 


Fig. 10.2.5 Complex renal cyst. This split screen ultrasound image shows a conventional greyscale image to the reader's right and ultrasound contrast-enhanced image 
to the readers left. Note the multiple thickened and enhancing septa (examples arrowed) within the cyst raising concerns for a cystic malignancy. 


Benign cysts must be distinguished from cystic malignancy; 
septations, loculations, or solid components increase the likeli- 
hood of malignancy. The Bosniak classification categorizes cystic 
lesions by complexity based on their appearances at CT and is used 
to guide management.** Central to this classification is the degree 
of enhancement following contrast medium administration. This 
is easily measured on CT, but only possible on ultrasound using 
microbubble contrast media (Fig. 10.2.5).33 Caution should there- 
fore be applied when extrapolating the Bosniak system to ultra- 
sound practice and most complex cystic renal masses will require 
further evaluation with CT. A number of other non-malignant 
renal lesions may appear as complex cystic masses on ultrasound 
including multilocular cystic nephroma, hydatid disease, abscess, 
haematoma, and xanthogranulomatous pyelonephritis. 

Hereditary renal cystic conditions may be encountered with 
ultrasound. The most common is autosomal dominant polycystic 
kidney disease (ADPKD) which results in enlarged kidneys with 
multiple cysts of varying size, randomly distributed throughout the 
kidney. Ultrasound is sometimes requested to screen a first order 
relative of a patient known to have ADPKD. Diagnostic criteria 
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exist relating the number of cysts to the patient’s age.347° Screening 
ultrasound may give a false negative result if performed below 
30 years of age.°6 

The ultrasound appearances of renal cell carcinoma are vari- 
able. Large tumours tend to be heterogenous but predominantly 
hypoechoic. Smaller tumours may be hyperechoic and impossible 
to distinguish from angiomyolipomas.*” The presence of vascu- 
lar invasion into the renal vein and inferior vena cava is readily 
assessed on ultrasound, although CT is required for complete sta- 
ging (Fig.10.2.6). 

Other solid renal masses include angiomyolipomata, which are 
usually brightly echogenic on ultrasound due to the presence of fat. 
Oncocytomas are usually impossible to distinguish from renal cell 
carcinoma on ultrasound, although a central scar is said to be char- 
acteristic and colour Doppler ultrasonography may show central 
radiating vessels.>® Upper tract transitional cell carcinoma is unre- 
liably visualized on ultrasound; the sensitivity of CT urography or 
intravenous urography is much greater.3? Lymphoma has a variable 
appearance which includes diffuse infiltration and focal masses 
which are typically hypoechoic. 


Fig. 10.2.6 Renal cell carcinoma with vascular invasion. (A) There is a large soft tissue mass arising from the right kidney (arrows). (B) Views of the inferior vena cava with 


colour Doppler show tumour extension into the lumen of the cava (arrow). 
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Infection 


Ultrasound imaging is often requested for suspected pyeloneph- 
ritis. The findings may include reduced parenchymal echogenicity 
and increase in renal size. Perfusion defects may be detected using 
colour or power Doppler; however the scan is frequently normal. 
In focal pyelonephritis (lobar nephronia) part of the kidney may 
be enlarged or of altered echogenicity, either increased, mixed, or 
decreased.*° The principle role of ultrasound is to exclude pyone- 
phrosis or abscess formation. 

Emphysematous pyelonephritis has a characteristic appearance 
on ultrasound. The renal parenchyma contains gas which produces 
bright echoes with heterogeneous (‘dirty’) posterior acoustic shad- 
owing. When the perinephric soft tissues are involved the entire 
kidney may be difficult to identify. 

Chronic pyelonephritis secondary to vesico-ureteric reflux may 
cause renal scarring, seen on ultrasound as focal cortical thinning 
overlying a dilated or clubbed calyx. Renal cortical scintigraphy 
(DMSA) is used more frequently in this setting due to its greater 
sensitivity.4! In xanthogranulomatous pyelonephritis chronic low 
grade infection is usually secondary to a central obstructing stone. 
There are no pathognomonic ultrasound features but stones may be 
identified in an enlarged kidney, with cystic spaces and fluid collec- 
tions in the perinephric soft tissues. 


Trauma 


Improved access to CT scanning with modern multi detector row 
machines has meant that ultrasound is now rarely used as the first 
line investigation for renal trauma. However, the portability of ultra- 
sound means it is still occasionally useful in the emergency depart- 
ment, and it does have a role in follow up. The key findings are loss 
of continuity of the renal cortex, perinephric collections of blood or 
urine, and disruption of renal perfusion. The use of ultrasound con- 
trast agents may improve accuracy but as they are not excreted in the 
urine cannot be used to detect collecting system injuries. 


Medical renal disease 


The various causes of medical renal disease have similar sono- 
graphic appearances—enlarged or normal size kidneys with 
increased echogenicity of the cortex. Frequently the medullary 
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pyramids are unaffected giving increased cortico-medullary differ- 
entiation. If the process progresses to end-stage renal disease there 
is a reduction in renal size and the kidney often becomes uniformly 
highly reflective. The main role of ultrasound in this setting is to 
measure renal size, assess parenchymal thickness, exclude obstruc- 
tion and, when appropriate, to guide biopsy. 


Renal transplants 


Transplantation is the treatment of choice for most patients with 
end-stage renal failure and its success is tempered only by the lim- 
ited availability of organs. Ultrasound is vital in detection of the 
complications of renal transplantation, and is used both for regu- 
lar surveillance and as the first line imaging investigation for graft 
dysfunction. 

Renal transplants are typically placed in either iliac fossa, but the 
axis of the kidney is variable and the scan plane must be tailored to 
accommodate this. The superficial position of the transplant usu- 
ally allows it to be easily assessed and a higher frequency trans- 
ducer can often be used. The scan technique involves a thorough 
greyscale assessment of the transplant and evaluation of the sur- 
rounding soft tissues for fluid collections. Global renal perfusion is 
then assessed with colour Doppler followed by a spectral Doppler 
assessment of several interlobar arteries. Finally the main vascular 
pedicle and iliac vessels should be evaluated. 

In the early postoperative period peritransplant collections may 
represent urinoma, haematoma, lymphocoele, or abscess formation; 
ultrasound guided needle aspiration may be necessary to differen- 
tiate between them. Renal artery thrombosis (global or segmental) 
is easily recognized by an absence of perfusion of all or part of the 
transplant. Renal vein thrombosis may be difficult to directly visu- 
alize but can be inferred when the normal low resistance intrarenal 
arterial spectral Doppler pattern is replaced by a high resistance 
pattern with reversal of diastolic flow (Fig. 10.2.7). Arteriovenous 
fistulae and pseudoaneurysms are usually related to biopsy and are 
readily identified with Doppler techniques. A mild degree of hydro- 
nephrosis is a common finding and does not necessarily indicate 
ureteric obstruction but progressive hydronephrosis in the face of 
deteriorating graft function may require antegrade pyelography to 
exclude obstruction or nephrostomy drainage. The early medical 


Fig. 10.2.7 Transplant renal vein thrombosis. (A) Normal transplant arterial spectral Doppler trace. Note the forward flow in diastole with a trace likened to a 
‘ski slope’, and resistance index (RI) of 0.65. (B) The spectral arterial Doppler trace from this renal transplant demonstrates reversed diastolic flow (arrows) due to 


renal vein thrombosis. 


complications of transplantation are mainly due to acute tubular 
necrosis (ATN) and rejection. Despite early optimism* ultrasound 
has been unsuccessful in accurately differentiating between acute 
rejection and ATN.*** In both conditions the intrarenal vascular 
resistance increases*® (usually measured by calculating the RI from 
a spectral Doppler trace of an interlobar artery; the upper limit of 
normal is <0.7). Ultrasound guided biopsy is usually required. 

Ultrasound can also identify some of the causes of late transplant 
failure. Peak systolic flow velocities of >250 cm/s in the main trans- 
plant artery indicate a haemodynamically significant stenosis.*” 
Increasing hydronephrosis suggests a ureteric stricture. Resistance 
index measurements are not useful in the diagnosis of chronic allo- 
graft nephropathy (chronic rejection) although CEUS shows some 
promise in this area.*8 


Scrotal ultrasound 


Technique 


The scrotum is ideally suited to ultrasound imaging. Its superficial 
position allows the use of high frequency transducers resulting in 
excellent resolution. Common indications for ultrasound include 
palpable scrotal masses, pain, hydroceles, varicoceles, and trauma, 
although almost any symptom or sign may be an indication, and 
only very rarely is any other imaging modality used. 

To facilitate scanning, the scrotum may be stabilized using a 
folded sheet placed beneath it, over the patient’s legs. It is useful 
to ask the patient to identify any lumps and ideally to stabilize the 
abnormality between their thumb and finger allowing it to be spe- 
cifically scanned during the ultrasound study. Longitudinal and 
transverse views of both testes should be obtained; a transverse 
view of both testes on the same image is useful to allow compari- 
son of echogenicity and size. Views of the epididymis often require 
oblique lateral orientation of the transducer. 


Tumours 


Ultrasound is extremely accurate in locating scrotal masses as intra 
or extratesticular. Focal testicular masses have a wide differential 
diagnosis including neoplasm, haematoma, focal orchitis, abscess, 
or infarction. Ultrasound is sometimes unable to reliably distinguish 
between these different possibilities; correlation with the history and 
laboratory data may be helpful, but any focal solid echopoor intrat- 
esticular lesion should be regarded as suspicious of malignancy. 
The appearance of germ cell tumours (GCT) is variable, but 
these are usually solid and predominantly hypoechoic relative to 
the normal testis; internal blood flow can usually be demonstrated 
with colour or power Doppler. Cystic spaces and calcifications are 
more commonly seen in non-seminomatous GCT (Fig. 10.2.8). An 
irregular outline to the testis is a worrying feature. Non-germ cell 
tumours (Leydig and Sertoli cell) do not have ultrasound appear- 
ances that allow them to be differentiated from GCTs. Lymphoma is 
the commonest testicular malignancy in older men. It may appear 
as one or more focal lesions that are hypoechoic and usually highly 
vascular on colour Doppler assessment or as diffuse testicular infil- 
tration.*? Simple testicular cysts are often asymptomatic incidental 
findings; any complexity raises the suspicion of a cystic tumour. 
Testicular microlithiasis (TM) is characterized by the presence 
of tiny (1-3 mm), non-shadowing, echogenic foci within the tes- 
ticular parenchyma and can be subdivided into classical and lim- 
ited forms.” This condition is associated with testicular GCT and 
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Fig. 10.2.8 Non-seminoma testicular germ cell tumour (arrows). Note the 
intratumoural cystic spaces (c) and calcifications (arrow head). 


intratubular germ cell neoplasia but there is a lack of consensus 
regarding its optimal management.*! It is now thought TM may 
be a manifestation of the testicular dysgenesis syndrome and rec- 
ommendations for management have been proposed which do not 
recommend ultrasound surveillance except for small specified high 
risk cohorts.” Ultrasound surveillance of all patients with TM is 
probably not cost-effective.*4 The incidence of TM may be higher 
in the paediatric than adult population.*° 


Infection 


Acute epididymitis is the commonest cause of acute scrotal symp- 
toms.°° Ultrasound examination typically shows an enlarged, 
hypoechoic epididymis, often with a reactive hydrocele and scrotal 
skin thickening. If infection spreads to the testis it will also become 
globally or focally hypoechoic. Hyperaemia on colour Doppler 
examination facilitates the diagnosis.*” Abscess formation occurs 
in 3-5% of cases”? and should be suspected if there is a focal com- 
plex fluid collection. The presence of gas in the scrotal soft tissues, 
appearing as echogenic foci with acoustic shadowing, is a feature of 
Fournier’s gangrene.*? 


Spermatic cord torsion 


Ultrasound is occasionally requested if there is clinical doubt in a 
case of suspected spermatic cord torsion but should not delay surgi- 
cal exploration in cases where the presentation is typical. The bell- 
clapper deformity, found in as many as 12% of adolescent males,® 
predisposes to this condition and may be identified on ultrasound, 
particularly when there is a hydrocele. In the early stages of torsion 
the greyscale appearances are often normal. Later the testis and epi- 
didymis may become swollen and hypoechoic and there may be a 
reactive hydrocele;°! thus differentiation from epididymo-orchitis 
on greyscale images is often impossible. Ultrasound diagnosis is 
based on Doppler examination; absent or reduced intratesticular 
blood flow (in comparison with the asymptomatic side) is regarded 
as a positive study. Ultrasound practitioners and clinicians should 
be aware of the difficulties of diagnosing incomplete torsion,® the 
limitations of ultrasound in young boys® and the falsely reassuring 
Doppler appearances following spontaneous detorsion. 
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Fig. 10.2.9 Testicular rupture. Note the contour abnormality of the anterior 
testicular tunical surface (arrows) and the haematocoele (H). 


Trauma 


The role of ultrasound in scrotal trauma is to triage those patients 
requiring surgical exploration from those who can be managed 
conservatively.®4 Clinical examination is difficult in the presence of 
scrotal swelling and pain; ultrasound is accurate in the diagnosis of 
testicular rupture which should be suspected when there is a focal 
contour abnormality of the testis (Fig. 10.2.9) indicating protrusion 
of testicular parenchyma through a defect in the tunica albuginea," 
particularly when there is an intratesticular haematoma.®° Doppler 
ultrasound and CEUS are able to assess testicular perfusion in the 
setting of trauma and so determine testicular viability.67 


Varicocele 


Varicoceles represent dilatation of the pampiniform venous plexus 
which is located cephalad and posterior to the testis. Sonographically 
they appear as a serpentiform collection of tubules, measuring 
greater than 2 mm in diameter. Colour flow Doppler helps to make 
the diagnosis and a Valsalva manoeuvre can be used to confirm 
retrograde flow. If a varicocoele is identified many authorities advo- 
cate extending the examination to the abdomen to exclude a left 
renal or retroperitoneal tumour obstructing the testicular vein, 
although yield is likely to be very low in young patients.68 


Extratesticular scrotal lesions 


The vast majority of extratesticular scrotal masses are benign. The 
role of ultrasound is to differentiate solid from cystic masses and 
locate their position. Epididymal cysts and spermatocoeles are 
common benign lesions easily diagnosed with ultrasound. Solid 
lesions present a greater challenge. Small epididymal granulomata 
are common, particularly after trauma or vasectomy. Extratesticular 
tumours are rare; adenomatoid tumour of the epididymis is the 
least uncommon and may be seen on ultrasound as a solid epi- 
didymal mass with varying echogenicity. Excision biopsy is often 
recommended for large (>2 cm) solid masses or enlarging lesions 
as the rare malignant extratesticular masses frequently do not have 
characteristic sonographic features. 


Hydroceles 


A small amount of fluid is normal in the scrotum, and the diagnosis 
of a small hydrocele is subjective. The role of ultrasound is to distin- 
guish between simple and complicated hydroceles (which contain 


internal echoes representing blood or inflammatory cells) and to 
exclude an underlying testicular malignancy, particularly when the 
testis is impalpable. 


Penile ultrasound 


Penile ultrasound is performed with a high frequency linear trans- 
ducer. The penis is placed on the patients anterior abdominal wall 
and imaged in longitudinal and transverse plane systematically 
from base to glans. The root of the penis is scanned through the 
perineum. 

The use of ultrasound in the diagnosis of erectile dysfunction has 
declined following the introduction of phosphodiesterase type-5 
inhibitor medications but may still be required for cases refractory 
to drug treatment. The paired corpora cavernosa are seen as cylin- 
drical low echogenicity structures, the dorsal corpus spongiosum is 
smaller and more echogenic. The cavernosal arteries can be iden- 
tified and spectral flow waveforms can be traced before and after 
intracavernosal injection of vasoactive drugs”? to give more infor- 
mation on vascular causes of erectile dysfunction—poor arterial 
inflow or failure of venous occlusion (venous leak).7! 

Other indications for penile ultrasound include evaluation of 
priapism (Fig. 10.2.10), penile and pelvic trauma, and Peyronie’s 
disease.”* Ultrasound can also be used for local staging in penile 
carcinoma, although MRI is now preferred for this indication.” 


Prostatic ultrasound 


Prostate ultrasound is most commonly performed to guide biopsy 
for cancer detection but may also be used in investigation of such 
conditions as infertility, prostatitis, and haematospermia. While 
the prostate can usually be visualized on transabdominal scanning 
this route provides very limited diagnostic potential. Better visu- 
alization and access for biopsy is achieved if the scan is performed 
transrectally (TRUS). 

Limited prostatic zonal anatomy can be distinguished on TRUS, 
particularly in older patients with benign prostatic hyperplasia 
(BPH). The peripheral and central zones (outer gland) tend to 
be of higher echogenicity than the transition zone (inner gland). 
Appreciation of zonal anatomy allows targeted systematic mul- 
ticore biopsies. TRUS is also valuable for examining the seminal 
vesicles and ejaculatory ducts and for estimating prostate volumes. 

Fortunately for imaging, the majority of prostatic carcinomas 
arise in the outer gland and nodules of BPH in the inner gland. 
Prostatic carcinoma may sometimes be identified on TRUS, usually 
as hypoechoic nodules relative to normal prostatic parenchyma.”4 
Any suspicious nodules should be specifically targeted in addition 
to the standard biopsy locations. Not all echopoor nodules are 
malignant and TRUS has a low sensitivity and specificity for can- 
cer detection, therefore targeted biopsy cannot replace systematic 
biopsy.” Cancer detection can be improved by the use of Colour 
and Power Doppler,” CEUS,” (both of which also tend to identify 
more aggressive tumours), and ultrasound elastography.’8 

Calcification is frequently seen along the surgical capsule and 
multiple diffuse calcifications are an age related normal finding. 
Larger calculi may be symptomatic and act as a nidus for infection 
in prostatitis. 

Cystic lesions of the prostate are commonly seen on TRUS. These 
may be congenital or acquired.”? They are rarely clinically signifi- 
cant although may be associated with ejaculatory duct obstruction 
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Fig. 10.2.10 High-flow priapism secondary to a traumatic arteriovenous fistula. (A) Ultrasound of the base of the penis shows an area of very high velocity flow arising 
from the corporal artery. (B) Subsequent digital subtraction angiography confirms the abnormality (arrow) which was successfully embolized. 


in patients with infertility. Abscess formation should always be con- 
sidered when a cystic lesion is seen in the appropriate clinical set- 
ting and ultrasound can be used to guide drainage. 


The bladder is usually evaluated through a suprapubic approach 
with a standard abdominal curvilinear transducer. To achieve use- 
ful information requires the bladder to be well distended. The blad- 
der can also be evaluated on trans-vaginal and TRUS studies. 

Quantification of bladder volume is easily achieved and is of par- 
ticular importance in patients with lower urinary tract symptoms. 
This requires measuring distances in both transverse and the lon- 
gitudinal planes, and is often performed pre and post micturition. 
A commonly used formula for converting these linear measure- 
ments to an approximate volume is: 


V =(Hx WXL)x0.625 


(V is volume, H is height, W is width, and L is length of the 
bladder). 

Most ultrasound systems will automatically perform these cal- 
culations but the result tends to slightly underestimate bladder 
volume; accuracy is however acceptable for routine clinical use.®° 
Three-dimensional ultrasound may give more accurate measure- 
ments®! but it is not widely available. The normal bladder wall 
measures 3-5 mm in thickness which may be useful in predict- 
ing the severity of bladder outlet obstruction, but measurements 
depend on the degree of bladder distension and which part of the 
bladder wall is measured.®* 

Many bladder abnormalities can be identified and assessed by 
ultrasound including diverticula, urachal abnormalities, stones, 
and blood clots. In patients with cystitis bladder ultrasound is usu- 
ally normal (but bladder emptying can be assessed). In chronic 
cystitis there may be bladder wall thickening. The presence of 


echogenic foci with acoustic shadowing (representing gas) in the 
bladder wall should alert the ultrasound practitioner to the possi- 
bility of emphysematous cystitis. Gas in the bladder lumen, in the 
absence of instrumentation, is suggestive of a vesicoenetric fistula. 
Ureterocoeles can be elegantly demonstrated on bladder ultra- 
sound; they are seen as cystic structures projecting into the bladder 
lumen from the ureteric orifices and can frequently be observed to 
fill and empty on real-time scanning (Fig. 10.2.11). Detection of an 
ectopic ureteocoele arising from the upper moiety of a duplex kid- 
ney inserting below the bladder neck can be facilitated by scanning 
through the perineum.®? 

Transitional cell bladder cancer can frequently be identified 
on ultrasound as a soft tissue projection into the bladder lumen 
(Fig. 10.2.12); unsurprisingly polypoid tumours are much more 
reliably identified than sessile ones. Tumours smaller than 5mm in 
size and those located on the anterior wall or bladder neck are fre- 
quently more difficult to identify*4 and ultrasound cannot replace 


Fig. 10.2.11 Ureterocoele seen as a cystic structure projecting into the bladder 
lumen (arrows) from the ureteric orifice. 
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Fig. 10.2.12 Transitional cell carcinoma of the bladder. There is a polypoid soft 
tissue mass (arrows) projecting into the bladder lumen well seen on this trans- 
vaginal ultrasound image. 


cystoscopy.5 Ultrasound has a limited ability to differentiate tran- 
sitional cell carcinoma from other bladder masses including other 
types of bladder tumour, invasive prostate carcinoma, adherent 
clots, and endometriosis—cystoscopic inspection and biopsy is 
required. The simple manoeuvre of rolling the patient onto their 
side will differentiate dependent debris and clot from posterior 
tumour. The presence of flow within a bladder mass on Doppler 
interrogation usually indicates a bladder tumour. 

Transabdominal ultrasound has a limited role in assessing the 
depth of invasion by bladder tumours and particularly cannot usually 
definitively differentiate stage T2 from T3a tumours.®¢ Local staging 
of bladder cancer remains predominantly the remit of histological 
evaluation of biopsy specimens, clinical examination, and MRI.°” 


Paediatric urological ultrasound 


Ultrasound is the primary imaging modality in paediatric urology 
for almost all conditions, largely because it does not involve ionizing 
radiation. However, to obtain good images requires the cooperation 
of the child and parents, warm coupling gel, a relaxed atmosphere, 
and patience and skill on the part of the ultrasound practitioner. 
The use of higher frequency transducers is often possible and 
transducers with a smaller ‘footprint’ are often used. Urinary tract 
abnormalities diagnosed in infancy and childhood are sometimes 
associated with other extrarenal abnormalities or syndromes, for 
example the “VACTERL collection of non-randomly associated 
birth defects. 

Neonatal kidneys are of greater relative size than adults, and 
charts are available to relate renal size to age.88 The renal cortex is 
brighter than in adult kidneys, the medullary pyramids relatively 
large, corticomedullary differentiation greater, and there is little 
renal sinus fat.8? By one year of age these morphological differences 
will have resolved and the kidneys resemble those of adults. 

Antenatal detection of urological abnormalities by scans per- 
formed in pregnancy is relatively common. Postnatal imaging for 
antenatal detected hydronephrosis is optimally performed at 48- 
72 hours after birth, as relative dehydration in the early postnatal 


period may produce a false negative result. The diameter of the 
renal pelvis is often used as a reproducible measure of the degree of 
hydronephrosis and can be used to guide further management.” In 
most patients renal pelvic dilatation is due to an unobstructed extra- 
renal pelvis but postnatal ultrasound is required to identify the 
subgroup of patients with urological diseases that may require sur- 
gical intervention. These conditions include ureteropelvic junction 
obstruction (UPJO), congenital megaureter, vesicoureteric reflux, 
posterior urethral valves, duplex kidney, multicystic dysplastic kid- 
ney, and prune belly syndrome. Additional imaging investigations 
such as the micturating custourethrogram, and nuclear medicine 
diuretic isotope renogram are sometimes required.”! 

Autosomal recessive and autosomal dominant polycystic kid- 
ney (ADPKD) disease can both present in childhood. The reces- 
sive form also involves the liver leading to hepatic fibrosis in some 
patients. In young children with this condition the renal cysts are 
often tiny and impossible to resolve with ultrasound, the kidneys 
appearing enlarged and globally echogenic, but with time cyst for- 
mation may become apparent.°? ADPKD typically presents in adult 
patients, but enlarged kidneys containing multiple cysts may occa- 
sionally be seen in older children. Renal cysts may also be seen in 
patients with tuberous sclerosis but characteristically these patients 
have multiple renal angiomyolipomas, appearing as echogenic nod- 
ules within the renal parenchyma. Multicystic dysplastic kidney is 
another cause of a unilateral cystic kidney; it is usually detected on 
prenatal ultrasound and may be associated with contralateral UPJO 
in some patients. 

In paediatric renal infection an ultrasound study is usually per- 
formed to exclude structural urinary tract abnormality. In infants 
this is frequently accompanied by a micturating cystogram to 
exclude vesicoureteric reflux and a DMSA scan to detect renal 
scarring. The National Institute of Clinical Excellence (NICE) have 
produced comprehensive guidelines on the management of urinary 
tract infection in childhood.?? 

Wilms tumour (nephroblastoma) is the commonest malignancy 
in childhood usually occurring in children aged between two to 
five years. The commonest presentation is with an abdominal mass. 
On ultrasound Wilm’s tumour is seen as a solid mass replacing 
all or part of the kidney, often with hypoechoic areas of necro- 
sis (Fig. 10.2.13).°4 5-10% are bilateral and there are a number of 
associated urogenital abnormalities.’ Staging requires CT or MRI. 
Wilm’s tumour cannot be reliably differentiated from mesoblastic 
nephroma on ultrasound, a more benign entity. 

Bladder abnormalities such as neurogenic bladder, stones, cyst- 
itis, urachal abnormalities, or rhabdomyosarcoma may be seen on 
ultrasound. Scanning with a full bladder is usually required. 

The normal neonatal adrenal is usually seen on routine ultra- 
sound, unlike adults, due to its larger relative size. There is progres- 
sive cortical involution in the first few weeks of life and tables are 
available for normal adrenal size in the newborn.”° Adrenal masses 
such as neuroblastoma and adrenal haemorrhage may be identified 
on ultrasound and Doppler may help to differentiate between these 
two conditions.” 


Ultrasound for procedures 


In addition to its extensive diagnostic role in urology, ultrasound 
is ideally suited to guide urological interventions.?® It allows the 
insertion of a needle under direct visualization, and if necessary 
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Fig. 10.2.13 Wilm’s tumour—a large heterogeneous mass arising from, and replacing the kidney in a two-year-old child. 


Image reproduced courtesy of Dr J Foster, Consultant Radiologist, Derriford Hospital, Plymouth, UK. 


this can be performed in an operating theatre using a portable 
machine. Experience is required to keep the needle in the ultra- 
sound sector and identify the position of the needle tip. Bowel is 
less easily visualized (and so avoided) than on CT. 

Renal biopsy, biopsy of masses in the kidney, adrenal gland, or 
prostate, abscess drainage, and insertion of nephrostomy drains are 
examples of procedures commonly performed under ultrasound 
guidance. Ultrasound can also be used to guide needle placement 
for ablative procedures such as renal tumour radiofrequency abla- 
tion or cryotherapy. TRUS is used to allow precise seed placement 
in prostate cancer brachytherapy. 


Conclusion 


We have described many of the common indications for the use 
of ultrasound in modern urological practice. Its safety, portabil- 
ity, real-time imaging capacity, and relative low-cost are significant 
advantages. The limitations of ultrasound have also been described, 
and it is worth reiterating that it is most effectively used in conjunc- 
tion with clinical assessment, often alongside other complementary 
imaging modalities. 
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Computed tomography 
Eugene Teoh and Michael Weston 


Basic theory and principles of computed 
tomography 

Computed tomography (CT) is the most widely utilized cross- 
sectional imaging modality to date. Introduced in the 1970s, CT 
served as a means of generating images in the transverse plane 
(axial images) of the internal organs of the patient. It has since 
evolved to be used to obtain volumes of image data of the relevant 
body section, which may be manipulated with image processing 
software to view the internal organs on sub-millimetre sections in 
multiple planes, and a whole host of other applications including 
surface rendering. 

The rudimentary construct of the CT scanner involves an X-ray 
tube and a row of detectors built into a rotatable gantry. The patient 
lies on a couch that can move longitudinally through the gantry 
and images are acquired from relevant sections of the patient’s body 
when they are in position within the gantry (see Fig. 10.3.1). The 
gantry rotates around the patient and X-rays are exposed to acquire 
data from different angles, which are used to construct the image 
using image reconstruction algorithms. 

In modern day helical CT scanners, this process is relatively 
rapid and seamless, with the gantry in constant rotation and con- 
stant exposure and image acquisition being performed as the body 
part of interest moves through the gantry. The speed of acquisition 
is also boosted by the use of multiple rows of detectors, allowing the 
whole body to be imaged in a matter of seconds. 

The constructed CT image is laid out as a matrix of pixels, each 
designated its own CT number or Hounsfield unit (HU). The CT 
number corresponds to the average density of tissues (and thus 
level of grey) within the pixel, with a positive correlation between 
density and CT number. For example, air has a CT number of - 
1000, water of zero, and bone 500-1,500. This leads on to the con- 
cept of windowing, which is integral to the interpretation of CT 
studies. 

A common CT number range produces over 4,000 levels of 
grey, which if all displayed on a single scale would result in a very 
flat image. Windowing an image narrows the scale according to 
the range of CT numbers most represented by the organ/tissue 
type of interest. For example, to evaluate bone, a window range 
set around the aforementioned limits would demonstrate bone in 
detail with all structures less dense than bone greyed out. There 
are normally preset window settings for different organs and tis- 
sue types on imaging workstations, with the function to fine-tune 
the range accordingly. The importance of windowing and CT 
numbers to evaluate areas of interest will be expanded on in the 
‘Interpretation’ section. 


Since the advent of multidetector CT (MDCT), its use in the 
evaluation of the urinary tract has expanded widely and is now 
considered to have replaced intravenous urography (IVU) and the 
plain radiograph. A variety of CT techniques exist for evaluation 
of the urinary tract and the choice of technique depends largely on 
the indication, taking into account other patient factors (e.g. age, 
contraindications to iodinated contrast). 


Practical techniques (including 
contrast agents) 


Unenhanced CT KUB 


Unenhanced CT of the urinary tract (CT KUB) is the most accurate 
and now considered to be the primary investigation for suspected 
ureteric colic.! Accuracy rates for this technique are high with 
reported sensitivities of 96-100% and specificities of 95.5-100%.? 
The patient is normally scanned in a prone position with images 
obtained from the top of the kidneys to the bladder base. The use of 
oral or intravenous contrast is not required with a full urinary blad- 
der being the only pre-requisite to allow more sensitive detection 
of bladder calculi. Low dose techniques are routinely employed, 
having been demonstrated to maintain high rates of accuracy for 
detecting lithiasis despite the compromise in image quality of soft 
tissue structures. With MDCT, the images can be acquired in a sin- 
gle breath hold and reconstruction of thin-sections are essential to 
avoid missing small calculi, particularly those of low density. 


Renal CT 


Renal CT is the first line investigation for the characterization of 
a renal mass! detected on a different imaging investigation (e.g. 
ultrasound, CT KUB). The examination requires the administra- 
tion of intravenous contrast and routinely involves two phases, an 
unenhanced and nephrographic phase. 

The unenhanced phase is acquired before contrast administra- 
tion. It allows for baseline characterization of the density of the 
lesion to establish enhancement patterns (if any) and detection 
of high density components which may be otherwise obscured 
with the administration of contrast. The nephrographic phase is 
acquired 100 seconds after administration of intravenous contrast. 
It produces homogeneous enhancement of the renal parenchyma, 
allowing for reliable detection of renal masses.* 

In appropriate cases, a corticomedullary phase of enhance- 
ment may be acquired before the nephrographic phase by 
imaging the kidneys 40 seconds after contrast administration. 
The corticomedullary phase of enhancement depicts the renal 


X-ray tube 


Detector array 


Fig. 10.3.1 Basic schematic of computed tomography (CT) scanning. 


vasculature, which may be of use in pre-operative planning or 
where there is suspicion that the detected renal mass may be vas- 
cular in origin.*° 


CT urography 


CT urography (CTU) is the best test for detecting renal calculi, 
renal masses and upper tract urothelial tumour! and thus may be 
considered as the one-stop imaging investigation of haematuria in 
the appropriate patient group (discussed in detail under the section 
‘Indications. 

The technique involves imaging the urinary tract in three 
phases: unenhanced, nephrographic, and excretory, akin to the 
sequence of radiographs performed in IVU (see Fig. 10.3.2). 
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The unenhanced phase is performed as a CT KUB. The nephro- 
graphic phase is acquired of the kidneys (as previously described) 
after administration of intravenous contrast, allowing for detection 
of renal masses. 

The excretory phase of the study assesses the collecting systems, 
ureters and, to a lesser extent, the urinary bladder when optimal 
luminal opacification of these structures has taken place following 
contrast excretion by the kidneys. It is best acquired 10-12 minutes 
after intravenous contrast administration. Non-opacification of 
segments of ureter, particularly the distal ureter, is not an uncom- 
mon occurrence and several strategies have been described to 
optimize ureteric opacification with varying levels of evidence. 
These include prone positioning,® a further delayed acquisition, 


Fig. 10.3.2 The three phases of CTU: (A) unenhanced; (B) nephrographic; (C) excretory. 
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abdominal compression (as employed in IVU), intravenous saline 
bolus after contrast administration and diuretic administration. 

The three phases can be imaged as three separate series, the 
nephrographic and excretory phases being obtained after a single 
dose of intravenous contrast, as was done with IVU. A described 
variation of the technique allows acquisition of both the nephro- 
graphic and excretory phase in a single series by administering two 
boluses of intravenous contrast after the unenhanced phase. Both 
doses are administered 10 minutes apart with image acquisition per- 
formed after a suitable nephrographic phase delay from the second 
dose. At this time point, the kidneys would be imaged in the nephro- 
graphic phase and contrast from the first dose would have begun to 
undergo renal excretion. This affords a radiation dose saving to the 
patient and improves workflow by reducing scanning time. 

As with CT KUB, reconstruction of thin slices is essential to 
avoid missing small lesions, and allow data manipulation for pro- 
ducing multiplanar reformats. 


Contrast agents 


Iodine is the principal component of contrast medium used in CT, 
as it provides the radiographic density. Contrast agents may be clas- 
sified according to their osmolarity (high or low) and composition 
(ionic or non-ionic). Both characteristics contribute to the agents 
osmolality (and hence the propensity to cause fluid shifts), the high- 
est being high osmolar ionic agents and lowest being low osmolar 
non-ionic. In modern day CT, low osmolar non-ionic contrast agents 
are used, being 5-10 times safer than their ionic counterparts.” 
Prior to the examination, checks for contraindications to con- 
trast administration and risk factors for contrast-related adverse 
effects (drug reactions, nephrotoxicity and lactic acidosis) must be 
undertaken (see Box 10.3.1). Essential points to cover are a history 
of previous contrast reaction, asthma, renal disease, diabetes mel- 
litus, allergies, and metformin therapy.’ The renal function of the 
patient must be checked prior to the examination. This should be in 
the form of the estimated glomerular filtration rate (eGFR), taken 
within a three month period prior to the examination in clinically 


Box 10.3.1 Risk factors for contrast-related adverse effects 


Is there a history of: 

+ Previous contrast reaction 

+ Asthma 

+ Renal disease 

+ Diabetes mellitus 

+ Allergies 

+ Metformin therapy 

Is the eGFR <60 mL/min/1.73m?: 

+ In the last three months in clinically stable patients 

+ In the last seven days in patients with renal disease or an acute 


illness 


Source: data from The Royal College of Radiologists, Standards for 
Intravascular Contrast Administration to Adult Patients, Third Edition, The 
Royal College of Radiologists (RCR), London, UK, Copyright © The Royal 
College of Radiologists 2015. 


stable patients, or a seven day period in patients who have an 
acute illness or have a history of renal disease.” Special precautions 
should be undertaken in patients with renal impairment. This is set 
arbitrarily as an eGFR of 60 mL/min/1.73m?, although thresholds 
and practice will vary depending on local protocols.’ 

The Royal College of Radiologists has published guidance on rec- 
ommended action for each risk factor (these are discussed in the 
‘Safety issues and contraindications’ section). As with the adminis- 
tration of any drug, patient consent must be obtained prior to the 
examination.” 


Indications 


Renal colic 


CT KUB is the most accurate and now considered to be the primary 
investigation for suspected ureteric colic. In addition to the high 
accuracy rates mentioned for detection of calculi, the investiga- 
tion supersedes IVU by doing away with intravenous contrast (and 
the potential complications from its administration) and being 
quick to perform. Obstructing calculi and the level of obstruction 
can be clearly delineated. The stone size can be accurately deter- 
mined, which influences patient management. Furthermore, extra- 
genitourinary causes of the patient’s symptoms may be alluded 
to on unenhanced CT, such as appendicitis and diverticulitis,’ 
increasing its power as a diagnostic tool. 

While CT KUB has become well established for this clinical indi- 
cation, added consideration should nonetheless be paid to young, 
particularly female, patients. Even with the use of a low dose tech- 
nique, the potential carcinogenic effects of ionizing radiation in the 
long term cannot be ignored in this patient group. Patients should 
be triaged according to a stringent selection criteria, and where this 
raises doubt regarding the working diagnosis of renal colic, alterna- 
tive imaging assessment should be contemplated. 

This is of particular relevance to young female patients where 
an alternative gynaecological cause is prevalent. Published series 
have revealed that the detection rate of lithiasis is generally higher 
in males than females (55-61.6% vs. 18-27.5%),8-!! with one of 
the series reporting detected gynaecological abnormality in 6% of 
females.!° In the largest of these series (n = 1,357), the presence 
and absence of hydronephrosis in young female patients with sig- 
nificantly sized ureteric calculi (deemed to be >4 mm) was 83% vs. 
17%, respectively.® This sets the premise for the use of ultrasound to 
assess for hydronephrosis in this patient group, particularly where 
the index of suspicion is less than high. 


Haematuria 


The utmost concern in the patient presenting with haematuria is 
that of urological malignancy. The choice of imaging investigation is 
dictated by the pre-test probability, which is influenced by two main 
factors: age and nature of haematuria. Other risk factors should also 
be taken into account (e.g. smoking and exposure to aniline dyes). 
While the presence of pain is of relevance in the clinical work-up 
(e.g. to exclude infection and guide symptom management), its role 
is limited in the choice of imaging due to the prevalence of alterna- 
tive causes of haematuria despite proven lithiasis. !? 

CTU is indicated in older patients presenting with frank haema- 
turia, where the risk of malignancy is high. There is no stipulated ref- 
erence standard with regards to the age cut-off between high and low 
risk although evidence from large series support the age of 40 years as 


a suitable threshold for this indication. In all-age cohorts investigated 
for macroscopic haematuria, the prevalence of patients diagnosed 
with urological cancer and below 40 years has been reported to be 
0.4-0.6% (overall cancer prevalence of 18.9-20.3%).13!4 The detec- 
tion rate for malignancy increases with age, exceeding 1 in every 10 
patients with macroscopic haematuria above 50-60 years of age.!4 

Urolithiasis is the most common benign diagnosis made in 
patients presenting with haematuria and certainly in younger 
patients presenting with frank haematuria, CT KUB is indicated to 
evaluate for stone disease. 

The choice of imaging investigation is somewhat less clear-cut in 
the context of microscopic haematuria. Most cases of upper tract 
cancers demonstrate persistent haematuria and in the older patient 
with microscopic haematuria, interval testing to establish persist- 
ence should inform the decision on the use of CTU.!4 

In the younger patient with microscopic haematuria, multiple 
factors should be considered prior to the use of CT. Apart from 
persistence of microscopic haematuria, the presence of pain in 
this context adds more weight, with the prevalence of urolithiasis 
in patients presenting with asymptomatic microscopic haematuria 
reported to be only 4-4.6% from large series data.!5 Awareness 
needs to be raised to the higher prevalence of renal parenchymal 
disease in this patient group and patients with associated risk fac- 
tors, suggestive findings on clinical and urine dipstick examination, 
or abnormal renal function should be considered for referral to the 
nephrologists. It would thus be reasonable to perform an ultra- 
sound in the younger patient with microscopic haematuria (to 
assess kidney size, look for hydronephrosis and ancillary signs of 
renal parenchymal disease). A CT KUB can be considered when 
there is a corroborating history of renal colic or if the ultrasound 
examination does not yield positive findings. 

These guidelines, as with many aspects of clinical medicine, are 
by no means hard and fast rules, as they do not completely account 
for the small subgroup of young patients with urological malig- 
nancy, which may not necessarily be detected on unenhanced 
CT KUB even if they present with macroscopic haematuria. The 
decision on CT imaging has to be guided by the overall clinical 
assessment, particularly risk factors for (and against) malignancy, 
and cystoscopic findings. This must be balanced against the risk of 
ionizing radiation from CT and relatively lower sensitivity of other 
imaging investigations. Discussion with radiologists can be helpful 
in such cases and the patient’s informed choice must be factored in. 


Characterization of renal masses 


Renal CT is the first line investigation for the characterization of a 
renal mass,! usually detected on a different imaging investigation. 
Based primarily on its enhancement characteristics and morpho- 
logical features, renal CT should inform the clinician as to whether 
the mass is a surgical or non-surgical lesion, or if it exhibits charac- 
teristics warranting follow-up.* 


Detection and characterization of urothelial lesions 


CTU is now considered to have superseded IVU in terms of its 
ability to depict the upper urinary tract with increased sensitivity 
and specificity for urothelial abnormality.!® As a cross-sectional 
technique, it depicts extraluminal pathology and where relevant, 
pathology within the urachus. It also has the advantage of revealing 
extra-genitourinary findings, which may be of direct relevance to 
the upper tract abnormality. 
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Detection and characterization of urinary tract injury 


The excretory phase of CTU (+/- unenhanced phase depending 
on prior imaging) is a non-invasive means of evaluating selected 
cases with this indication, particularly in cases of suspected ureteric 
injury where a conventional cystogram might not yield the required 
information. An example is illustrated in Figure 10.3.3. Where there 
is suspicion of urinary tract injury in a patient who has undergone 
a trauma series CT, this can be performed with relative ease if the 
suspicion is raised early as the patient can be scanned after the 
appropriate excretory phase delay without having to receive a fur- 
ther dose of intravenous contrast (stressing the importance of the 
secondary survey in trauma). 

With CT, a better spatial representation of the pattern and extent 
of injury can be depicted compared to cystography. In selected 
cases where this degree of detail is essential (e.g. for surgical plan- 
ning), the excretory phase of CTU is also useful in depicting urin- 
ary tract fistulas. 


Percutaneous nephrolithotomy planning 


The excretory phase provides a clear road map for the approach to 
percutaneous nephrolithotomy by depicting the position and bur- 
den of calculi within the pelvicalyceal system, the anatomy of which 
can be complex. Clear demonstration of the spatial relations of the 
surrounding structures (e.g. pleura, vasculature) also help to plan a 
safe approach to accessing the pelvicalyceal system.!7-18 


Cancer staging 


CT is widely used in cancer imaging to establish the presence and 
extent of distant disease, with urological cancer being no exception. 
Staging CT of the chest, abdomen and pelvis (if not already imaged) 
is used widely in renal cell carcinoma (RCC), where 28% of patients 
have disseminated disease at presentation. The incidence of meta- 
static disease is positively associated with tumour size with lung 
being the commonest site of spread. Lymph nodes, liver, and bone 
are other common sites of involvement.!? In bladder cancer, MRI 
is the most accurate imaging modality for local staging. Staging CT 
is indicated for cases of confirmed muscle-invasive bladder can- 
cer, including CTU for complete examination of the upper urin- 
ary tracts.” Lung and liver are common organs of involvement in 
bladder cancer. 

There is no routine indication for the use of CT in the staging 
and follow-up of prostate cancer, with MRI being used for local 
staging and bone scan to assess for bone metastases. CT should be 
reserved for guiding further management in selected scenarios. 
These include biochemical failure after treatment with curative 
intent and where symptoms raise the possibility of extra-osseous 
metastatic disease.?! 


Interpretation and limitations 
CT KUB 


The study should be reviewed on an imaging workstation capable of 
producing multiplanar reformats. The thin slice axial images should 
be reviewed first, with close scrutiny of the renal parenchyma and 
collecting system for calculi, which would appear as high density 
foci. Both ureters should be traced down to their points of insertion 
into the urinary bladder. The urinary bladder should be reviewed for 
vesical calculi, particularly within the dependent part of the bladder. 
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Fig. 10.3.3 An example of CTU delineating ureteric injury in a patient presenting with vaginal discharge of urine three weeks post pelvic surgery. (A) Contrast 
opacification of a blind-ending left distal ureter (arrowheads) with a fine track of contrast leading into the vaginal cavity (arrow) which is opacified. (B) A separate 
communication between the vagina and rectum (arrow) is also demonstrated. 


Fig. 10.3.4 (A) An example of a ureteric calculus with the typical multifaceted appearance exhibiting the soft tissue rim sign (arrow). This is compared to a phlebolith 
in the same patient (B—arrow). (C) Reformatted image of the right kidney in a patient with significant stone disease previously treated with extracorporeal shock wave 
lithotripsy. There is hydronephrosis and hydroureter secondary to the formation of ‘steinstrasse’ (street of stones) within the distal ureter (arrowheads). There are also 
residual renal calculi predominantly within the lower pole calyx (arrow). 


Ancillary signs of urolithiasis should be actively sought. These 
include hydronephrosis and/or hydroureter caused by distal 
obstruction (see Fig. 10.3.4, Fig. 10.3.4C), and perinephric and/ 
or periureteric fat stranding representative of inflammation. These 
features are of particular use when calculi are not detected on the 
study, to indicate recent stone passage or the presence of radio- 
lucent calculi (particularly when there is a clear transition point of 
ureteric obstruction).2? 

The thin axial slices can be reformatted into sagittal and coronal 
images which should be reviewed routinely. This is of importance 
in assessing the maximum size of calculi, which may be underes- 
timated on axial images, in turn influencing patient management. 
Anatomical relationships of areas of pathology can also be better 
represented on different projections, particularly coronal images, 
for pre-procedural planning. 

The presence of phelboliths can occasionally make image inter- 
pretation difficult. While phleboliths can be reliably identified if 
they are extra-ureteric, this can be challenging in patients with a 
paucity of intra-abdominal fat which makes tracing the ureters dif- 
ficult. In such indeterminate areas of calcification, a helpful feature 
to look out for is the soft tissue rim sign, characterized by a rim 
of soft tissue density around the calcification (see Fig. 10.3.4A). 
Where present, this is strongly suggestive of a ureteric calculus.” 
Other features of phleboliths include having a rounded morph- 
ology compared to calculi which tend to appear multifaceted (see 
Figs 10.3.4A and B). As with the general principles of image inter- 
pretation, one should use the clinical history, in particular side of 
the patients symptoms, to guide interpretation. 

Review of the other abdominal organs is essential, particularly 
when no urinary tract abnormalities are detected. Common extra- 
genitourinary findings on CT KUB include, appendicitis, diver- 
ticulitis, and gynaecological pathology. The bones and lung bases 
should be reviewed using appropriate windowing to detect abnor- 
malities which may be of relevance to the patients symptoms or 
genitourinary findings. 

While additional stone compositions (cystine and uric acid) can 
be detected on CT compared to plain radiography, it is important to 
be aware of its limitations. The aforementioned stone compositions 
are of relatively lower density compared to their counterparts like 
calcium oxalate and struvite and small stones with a low attenu- 
ation value can be overlooked on helical CT.> Furthermore, indi- 
navir (an antiretroviral drug associated with urolithiasis) and pure 
matrix calculi are radiolucent on CT.**?° Thus, additional scrutiny 
should be applied when ancillary signs of urolithiasis are present. 


Renal CT 


The nephrographic phase in renal CT should produce uniform 
enhancement of the renal parenchyma, allowing detection of small 
lesions, even in the absence of renal contour abnormality. The key 
to interpreting renal CT is establishing whether the lesion demon- 
strates enhancement, which in broad terms characterizes the lesion 
as surgical or non-surgical. This is established by comparing the 
density of the lesion on the unenhanced phase to the density on 
the nephrographic phase. A lesion is deemed to have unequivo- 
cal enhancement if the density rises by more than 20 HU, and 
indeterminate if it rises by 10-20 HU.4 Benign cystic lesions will 
not enhance to these thresholds. The density is measured using a 
region-of-interest tool on the imaging workstation to interrogate 
the internal content of the lesion. 
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Fig. 10.3.5 (A) An example of an enhancing predominantly solid renal mass 
(arrows), subsequently diagnosed to be RCC. (B) A fat-containing mass with an 
average density of -69 HU (arrows), in keeping with an angiomyolipoma. 


When evaluating a lesion, it is helpful to consider it as either 
solid or cystic. RCC is the commonest renal parenchymal tumour 
and are mostly solid (Fig. 10.3.5, Fig. 10.3.5A) although 2-5% 
are predominantly cystic. RCC varies widely in size, uniformity, 
and extent on CT, that is why it cannot be definitively diagnosed 
using this investigation. It also cannot be distinguished from 
oncocytoma on CT. 

Other solid renal masses include angiomyolipoma, lymphoma, 
and metastases. Of these, an angiomyolipoma can be definitively 
diagnosed by the detection of fat within the mass (Fig. 10.3.5B). This 
is done by measuring the CT number of low density areas within the 
lesion (fat has a CT number of -60 to -150 HU). Lymphoma and 
metastatic disease typically feature as multiple bilateral solid masses. 
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In some cases (mostly in the context of known malignancy), a dis- 
tinction between these two entities can be made based on the clin- 
ical history and additional imaging findings (e.g. lymphadenopathy, 
disseminated metastases). Where this distinction cannot be made, a 
definitive histological diagnosis should be obtained to dictate man- 
agement, bearing in mind that RCC can also present with similar 
appearances. 

When evaluating a cystic renal mass, the well-established 
Bosniak renal cyst classification is applied.‘ It allows the lesion 
to be categorized into one of five groups based on morphological 
characteristics and enhancement patterns, which dictate the prob- 
able nature of the lesion. These are described in Table 6.26.2 and 
Figure 10.3.6. Each category has accompanying clinical manage- 
ment recommendations which should never be adhered to strictly. 
They should serve as a guide to manage each individual case, tak- 
ing into account clinical factors such as history, co-morbidity, and 
patient choice, particularly in patients with category III lesions.* 


Due attention should be paid to all three phases of CTU. Using 
the same approach to CT KUB, the unenhanced phase should 
be reviewed for urinary tract calculi as a cause of the patient’s 
symptoms. If stone disease is identified, the hunt for urinary 
tract pathology should not be prematurely called off, as a second 
source of haematuria coexists in a proportion of these patients. 1? 
Similarly, if a renal mass is detected on the nephrographic phase, 
the excretory phase should still be scrutinized for urothelial 
abnormality. It can be difficult to differentiate RCC from invasive 
transitional cell carcinoma (TCC) of the collecting system and 
in the context of the latter, multifocal disease can occur in up to 
40% of patients. !¢ 

As one would do in reviewing a CT KUB, thin slice axial images 
should be reviewed on an imaging workstation capable of produc- 
ing multiplanar reformats. The urinary tract should be scrutinized 
from the upper pole calyx down to the bladder base. The two pillars 


Fig. 10.3.6 (A) A Bosniak Category | simple cyst within the upper pole of the right kidney (arrow). (B) A Bosniak Category II cyst with a hairline thin calcified septa 
(arrow). (C) A Bosniak Category Ill cyst within the lower pole of the right kidney with an enhancing thickened and nodular inferior wall (arrow). (D) A Bosniak Category 
IV cystic mass with an enhancing soft tissue component independent of its enhancing thickened wall (arrow). 
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Fig. 10.3.7 (A) An apparent filling defect within the proximal ureter (arrow) which is confirmed to be a ureteric kink on the coronal images (B—arrow). (C) Axial image 
demonstrating multiple filling defects within the calyceal system (arrows), subsequently diagnosed to be TCC. (D) Coronal image on the same patient, demonstrating 
further disease in the proximal ureter (arrow). (E) Multiple filling defects within the bladder (arrowheads) confirmed to be multifocal bladder cancer. 


of evaluating the excretory phase are adequate windowing and mul- 
tiplanar review. Wide windowing is essential to avoid missing small 
urothelial lesions which might otherwise be obscured by contrast. 
Taking the time to review the urinary tract in three planes pays off 
as it can often depict abnormality not easily appreciated on axial 
images. These include carpet-like lesions along the dome of the 
bladder and small lesions within the upper pole calyces. Likewise, 
it is also helpful in resolving areas of concern, such as apparent fill- 
ing defects on axial images due to tortuosities of the ureter (see 
Fig. 10.3.7, Fig. 10.3.7AB). 

Upper urinary tract urothelial cell carcinoma (UUT-UCC) can 
be seen as enhancing soft tissue density masses and tend to cause 


filling defects within the opacified urinary tract (Fig. 10.3.7C and 
D). Some UUT-UCCs can manifest as circumferential wall thick- 
ening which may not even distort the lumen, stressing the import- 
ance of close evaluation of the wall, particularly in the absence of 
intraluminal abnormality.!° Small lesions may manifest with more 
obvious secondary effects such as hydronephrosis and isolated cal- 
yceal dilatation. 

In cases where the ureters are not well-opacified with contrast, 
measures should be taken to improve opacification using the previ- 
ously discussed techniques (see the ‘Practical techniques’ section) 
as underlying UUT-UCC cannot otherwise be reliably detected. Of 
the various techniques, repeating the acquisition with the patient 


1103 


1104 


SECTION 10 RADIOLOGY 


Table 10.3.1 Recommended action in patients with increased risk of adverse effects 


Risk factor Action 


Previous reaction ¢ Establish nature of reaction and causative agent 


If deemed necessary: 


+ Reassess the need for contrast, risk-benefit of its use, and + proceed with a low osmolality agent 


consider the use of other investigations 


+ Ifabsolutely necessary, use a different low osmolality agent 


+ maintain cloase medical supervision for 30 minutes with IV 
access maintained 


Asthma $ 


f symptomatic/not well-controlled, defer examination if not 
urgent, subject to improved management of asthma 


+ ensure all other safety measures are in place 


+ If well-controlled, reassess the need for contrast and consider 


the use of alternative investigations 


Multiple allergies/ single  ¢ 
severe allergy 


Establish the nature and sensitivity of allergy 


consider the use of alternative investigations 


+ Reassess the need for contrast, risk-benefit of its use, and 


Renal disease/Diabetes + Considering the severity of renal impairment, reassess the need for contrast, risk-benefit of its use, and potential 


mellitus” use of other investigations 

+ Use the smallest possible does of low osmolality agent 

Ensure the patient is optimally hydrated before and after contrast injection 
Metformin + If renal function is normal, no further action is required 


+ Ifrenal function is abnormal, cessation of metformin for 48 hours is recommended in consultation with the referring doctor 


*Coexistent diabetes mellitus in patients with renal impairment carries significant risk. 


Source: data from The Royal College of Radiologists, Standards for Intravascular Contrast Administration to Adult Patients, Third Edition, The Royal College of Radiologists (RCR), London, 


UK, Copyright © The Royal College of Radiologists 2015. 


in the prone position is probably the most practical, although in 
cases where there is delayed excretion due to hydronephrosis and 
hydroureter, a further delayed series would yield a better result. In 
such scenarios despite poor ureteric opacification, a dilated ureteric 
segment should raise the suspicion of UUT-UCC regardless, par- 
ticularly if it enhances.!° 

One should be aware of the potential mimics of UUT-UCC. 
Causes can be considered into three groups: urothelial, luminal, 
and extraurothelial.2° Urothelial causes include ureteric injury, 
irritation by calculi/stent, fibroepithelial polyps, or nephro- 
genic adenoma.” Clot or debris can cause luminal filling defects. 
Extraurothelial causes include RCC and vascular indentation. 
Correlation with clinical history (e.g. previous urinary tract 
instrumentation), MPR review and assessment of enhancement 
is required to minimize/clarify false positive findings. Retrograde 
ureteropyelography (RUP) can aid in clarification where there are 
equivocal appearances or non-diagnostic studies. 

Bladder tumours can manifest as filling defects within a contrast- 
opacified bladder (Fig. 10.3.7E), focal masses, or asymmetric wall 
thickening, whereas uniform wall thickening tends to represent 
benign disease.”’ In the specific context of suspected bladder can- 
cer, CTU should act as an adjunct to cystoscopy, as opposed to 
being a replacement for evaluating the bladder.?8 Lesion detection 
is suboptimal where there is layering of contrast and non-contrast- 
opacified urine within the bladder, which is more often the case. 
Flat bladder tumours may produce little in the way of filling 
defects or focal wall thickening. In patients who have undergone 
local therapy to the bladder, areas of scarring and wall thickening 
post-therapy make detection of new malignancy difficult on CT.?7 

Finally, after studying the urinary tract, the remainder of the 
abdomen and pelvis should be reviewed in abdominal and bone 
windows for extra-genitourinary disease. 


Safety issues and contraindications 


Contrast administration 


Several practical measures must be addressed prior to the admin- 
istration of contrast.” An appropriately trained doctor should be 
immediately available to manage severe reactions. Within the con- 
fines of the radiology department, an appropriately trained indi- 
vidual should be immediately available to identify and manage 
severe contrast reactions. Resuscitation facilities should be readily 
available and be subject to regular checks. A patient should not be 
left unsupervised within 5 minutes of contrast administration, and 
should remain on the premises for 15 minutes after (30 minutes in 
patients with an increased risk of contrast reaction).” 

Low osmolar iodinated contrast agents are generally associated 
with a low rate of adverse effects (0.153% in large series data),?? 
the majority of which are mild and can be treated within the 
confines of the radiology department. Severe reactions (anaphyl- 
actic spectrum) are rare, constituting 3.3% of all adverse effects.”? 
Nonetheless, where identified (see the “Techniques’ section), appro- 
priate precautions need to be undertaken to reduce the risk of the 
adverse effects from contrast administration. These are summa- 
rized in Table 10.3.1. The responsibility for deciding on contrast 
use eventually lies with the supervising radiologist.” 


Radiation protection 


The main disadvantage of CT is the high ionizing radiation dose to 
the patient. The total effective dose of an optimized CTU protocol 
(low dose unenhanced scan, followed by a combined nephrographic 
and excretory phase) acquired by a modern 64-slice CT scanner is 
20.1 mSv.°° This is equivalent to just over nine years of UK back- 
ground radiation or an added risk of fatal cancer of 1 in 1,000. Hence, 
despite its superior accuracy, CT examinations of the urinary tract 


should not be undertaken lightly and as with all diagnostic ionizing 
radiation examinations, should be justified in terms of the clinical 
benefit against the radiation risk.! As previously discussed, appro- 
priate selection of patients with a high pre-test probability of disease 
is the key to this process, particularly in the context of haematuria. 
This requires clear referral guidelines to be established and adhered 
to by radiologists and the referrer to have a sound understanding 
of indications for each examination. Open discussion between both 
parties should always be maintained, particularly for deciding on 
the best imaging pathway for complex cases. 
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Magnetic resonance 
imaging in urology 


Raj Das, Susan Heenan, and Uday Patel 


The physics and technical aspects 
of magnetic resonance imaging 


Basic principles of magnetic resonance 


Magnetic resonance imaging refers to a complex interplay between 
the laws of electromagnetic induction governing atomic nuclei and 
the application of external magnetic fields to produce an image. 

An atomic nucleus contains both protons and neutrons which 
are constantly spinning about their axis while negatively charged 
electrons orbit the nucleus. The spinning of the nuclear particles 
creates an angular momentum. This is zero when there is an equal 
number of neutrons and protons but in the case of hydrogen, which 
as a constituent of water is present throughout the human body, a 
single proton is present within the nucleus. As a result, the hydro- 
gen nucleus has a positive charge, which as it spins produces a small 
magnetic field and acts as a tiny bar magnet. 


The external magnetic field and free precession 


When the body is placed under a strong external magnetic field 
(B,), the spinning hydrogen protons become aligned to the external 
field. However, they do not all align in the same direction. While 
the majority align in a parallel fashion at a lower energy level, some 
align antiparallel to this field which results in them gaining higher 
energy levels. This alignment generates a small net magnetic field 
(or net magnetic vector). 

The hydrogen protons then start to ‘wobble, a type of motion 
called precession. They start to spin around a central axis (similar to 
a spinning top), begin to tilt and move in a circular orbit (precess). 
For example, if the net magnetization is placed in the X-Y plane, then 
the proton will also rotate about the Z-plane. This occurs at a given 
frequency proportional to the strength of the external magnetic field 
(Bo) and is called the Larmor frequency (see Fig. 10.4.1, Fig. 10.4.1). 


Magnetic resonance and the radiofrequency pulse 


Different nuclei have a natural frequency at which they tend to 
vibrate which is referred to as a resonant frequency. If energy is 
applied at a material’s natural resonant frequency then the mater- 
ial will absorb the energy and subsequently increase the amplitude 
of its oscillations. The resonant frequency of the body’s hydrogen 
nuclei lies within the radiofrequency wave bandwidth and this 
therefore allows manipulation of the electromagnetic field. 


When the body is exposed to radiofrequency waves at the res- 
onant frequency of the hydrogen nuclei, energy can be transmitted 
from the radiofrequency (RF) pulse to the hydrogen nuclei. 

Without exposure to radiofrequency (RF) waves the net mag- 
netic vector (NMV) lies parallel to the external magnetic field and 
cannot be detected. With exposure to RF pulse, the NMV can form 
in a plane perpendicular to the external magnetic field and this 
‘transverse magnetic vector can be detected (Fig. 10.4.1B). 

When the RF wave is stopped, the protons lose energy passing 
from the higher to the lower energy state to reach equilibrium, 
thereby causing precession of the transverse magnetic vector. This 
generates a small oscillating magnetic field and induction of an 
alternating current which can then be detected by the adjacent 
receiver coils in the MRI magnet. 

Therefore, by applying different RF pulses, the differing currents 
allow spatial encoding and with amplification and computer pro- 
cessing this is able to produce the digital MR image. 


Relaxation times and image weighting 


Relaxation is the dynamic process by which the spinning protons 
return to equilibrium. There are two main components: (i) the 
recovery of longitudinal magnetization, aligned with BO, which fol- 
lows an exponential curve characterized by time constant T1; (ii) 
the decay of transverse magnetization, according to an exponential 
curve characterized by time constant T2. 

A spin echo sequence (most commonly used to produce stand- 
ard T1 and T2 weighted imaging) requires an excitation pulse 
(90-degree RF pulse) and an 180-degree re-phasing pulse. The time 
elapsed between a 90-degree pulse and 180-degree pulse is TE/2. 

An MR signal is acquired following an echo time (TE), when the 
signal of the echo is of greatest amplitude. 

The 90-180-degree RF pulses sequence must be repeated as 
many times as the number of lines of pixels in the data matrix. The 
time elapsed between each 90-degree RF pulse (excitation pulse) is 
called the repetition time (TR) and can be altered according to the 
MRI controls. 

With a spin echo sequence: 


+ TR modifies T1-weighting: i.e. long TR produces a more 
T1-weighted image 


+ TE modifies T2-weighting: i.e. a shorter TE produces a less 
T2-weighted image. 


Longitudinal magnetization 


Transverse magnetization 


Fig. 10.4.1 (A) How an RF pulse affects the magnetization. The net magnetization 
vector M precesses about the time-varying magnetic field (not shown) induced by 
he RF pulse, as well as about the static magnetic field Bo (brown arrow) generated 
by the scanner magnet. As a result, the RF pulse causes the magnetization to 

spiral toward the transverse (x-y) plane. The white dotted line shows the path 
raced out by the tip of the net magnetization vector as it ‘nutates’ toward the 
x-y plane. The dark-purple vector on the z axis represents the position of the 
magnetization just before the RF pulse is applied. (B) A 90° RF pulse converts 
ongitudinal magnetization into transverse magnetization. The thermal equilibrium 
magnetization (vertical solid green arrow, labeled Mo) is parallel to the static 
magnetic field Bo (solid brown arrow), and has only a longitudinal component just 
before the RF pulse is applied. The 90° RF pulse rotates the thermal equilibrium 
magnetization through 90° to become transverse magnetization (horizontal solid 
green arrow). Hence, just after the 90° RF pulse, the longitudinal component of 

he magnetization is zero (for reference, the original longitudinal component is 
indicated on the right by a thin dotted arrow), and the transverse magnetization 
generated by the RF pulse precesses (rotates) about the z axis at the resonant 
requency. The magnitude of the transverse magnetization immediately after the RF 
pulse is equal to that of the longitudinal magnetization just before the RF pulse. 
Credit line: (A) Adapted from Mugler JP Ill. Basic principles. In: Edelman RR, Hesselink JR, 


Zlatkin MB, Crues JV Ill, eds. Clinical Magnetic Resonance Imaging, 3rd ed. Philadelphia: 
Saunders Elsevier, 2006. 


Therefore: 
+ A short TR and a short TE produces a T1-weighted image. 
+ Along TR anda long TE produces a T2-weighted image. 


Image weighting and contrast 


Different body tissues have different T1 and T2 times and therefore 
generate tissue contrast. 

Generally T1 weighted images result in fat returning high signal 
and water/fluid corresponding to low signal. T1 weighted images 
are useful for characterization of masses and the presence of fat or 
haemorrhagic components, as well as assessment of pathology fol- 
lowing intravenous contrast enhancement. 

On T2 weighted images fluid containing tissues/structures are of 
high signal, whereas fat is of low signal. T2 weighted images are 
better at demonstrating pathology as most pathological conditions 
will result in increased water content in the tissues/oedema and will 
generate high signal on T2 weighted images. 

Of note, haemorrhage has a complex appearance with variable 
T1 and T2 weighted signal characteristics due to the evolution of 
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deoxyhaemoglobin and methaemoglobin and does not follow the 
characteristics of fluid. 


Image saturation and specific sequences 


In addition to T1 and T2 weighted sequences in orthogonal planes 
(which is the mainstay of standard MRI imaging) there are further 
sequences that are useful to be familiar with. 

Inversion recovery sequences use a spin echo sequence that begins 
with an 180° inverting pulse thereby inverting the NMV through 180 
degrees. Following a time interval TI or tau (time from inversion) a 
further 90-degree RF pulse is applied, followed by an 180-degree pulse 
producing an echo at time TE. By manipulating the TI, it is possible 
to form inversion recovery sequences. Short TI/tau inversion recovery 
(STIR) sequences coordinate the TI to coincide the 90-degree RF pulse 
with the time that the NMV of fat is passing through the transverse 
plane and thereby nulls the signal of fat, resulting in a fat-supressed, 
relatively T2 weighted image. STIR images are good at identifying 
pathology within fat-containing tissues and highlight oedema. 

FLAIR (fluid attenuated inversion recovery) is a similar tech- 
nique used in brain imaging to null the signal of cerebrospinal 
fluid (CSF). 

Specific T1 fat-suppression sequences may be required for the 
assessment of pathology with high T1 signal and if post-contrast 
scans are required. 

Heavily T2-weighted images can be produced to produce images 
which show static fluid as high signal with relative suppression of 
signal returned from other tissues. These are of use in MR urog- 
raphy resulting in an intravenous urography (IVU)-style image. 


Diffusion-weighted imaging 

Diffusion is the term applied to describe molecules moving due 
to random thermal motion. Free diffusion allows movement of 
molecules in all planes. In restricted diffusion, there is altered cell 
membrane permeability, cellular swelling, and absorption of extra- 
cellular water resulting in restricted motion. 

In diffusion-weighted imaging (DWI), diffusion gradients are 
applied in differing direction with differing intensity according to a 
‘b-value. A higher b-value is generated according to a higher inten- 
sity of diffusion gradients. Typical b-values range from 500 s/mm? 
to 1,000 s/mm?. 

DWI images are associated with an inherent T2-weighting. By per- 
forming the diffusion gradients at two different levels (e.g. b = 0 and 
b = 1,000) it is possible to subtract the T2-weighting which results in 
an apparent diffusion coefficient (ADC) map. This allows differen- 
tiation of ‘T2 shine-through artefact’ and true diffusion restriction. 

Initial applications of DWI were in brain imaging in ischae- 
mic stroke. Research has since demonstrated that cancers and 
malignant tissue also exhibit restricted diffusion due to altered 
cell membrane function and thereby allows improved cancer 
detection. 

Cancerous tissue should therefore demonstrate high signal on 
DWI sequences and a corresponding low signal abnormality on the 
ADC map. Diffusion-weighted imaging has more recently become 
standard practice in oncological MRI such as in prostate cancer. 


MRI specific contrast agents 


Gadolinium is a T1 shortening agent that is the most widely used 
extracellular paramagnetic contrast agent in the form of various 
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chelates. Its action to reduce the T1 relaxation times results in 
increased signal intensity on T1 weighted images and therefore 
results in T1 enhancement. 

Gadolinium is excreted renally by glomerular filtration without 
tubular secretion or reabsorption. 

The pattern and time frame of contrast enhancement is similar 
in pharmacokinetics to iodinated contrast in computed tomog- 
raphy (CT) scanning. Adverse reactions can occur but are much 
less common than experienced with iodinated contrast. These may 
include mild transient increase in bilirubin and blood iron, mild 
headaches, nausea, vomiting, hypotension. 

Further cell specific MRI contrast agents are available for use in 
the hepatobiliary and reticulo-endothelial systems but are not rou- 
tinely used for assessment of the urological system at present. 

Intravenous administration of iron-oxide particles (SPIO) is gen- 
erally used in the liver resulting in signal loss of the normal liver on 
heavily T2-weighted images. Iron oxides have been used to detect 
early lymph node metastases. This technique uses gradient-echo 
(T2*) imaging to detect susceptibility artefact occurring in normal 
lymph nodes (appear blacker) with no effect on malignant nodes, 
thereby allowing differentiation of abnormal nodes. 


Nephrogenic systemic fibrosis 


Gadolinium does not tend to cause contrast induced nephropathy, 
as is the case with iodinated contrast media but has been described 
in the aetiology of nephrogenic systemic fibrosis, previously called 
nephrogenic fibrosing dermopathy. The association is rare but is 
associated with use in patients with an eGFR <30 mL/minute. This is 
detailed in the European Society of Urogenital Radiology (ESUR)! 
and the Royal College of Radiologists guidelines.” The disease state 
involves the development of skin lesions than rapidly fibrose and 
can subsequently be associated with contractures and limb short- 
ening. Systemic fibrosis of the lungs, liver, and heart can ensue and 
the condition is fatal in a proportion of cases. Cyclical gadolinium 
chelates, such as gadoteric acid, are thought to be of lower risk than 
the linear agents in patients with reduced renal function. 


Dynamic contrast-enhanced MRI 


Identification of malignant tissue is facilitated by the process of neo- 
vascularization, whereby cancers induce an angiogenic response. 
The rates of blood flow within tumours and surrounding tissues 
is altered in comparison to normal tissue and can be assessed by 
dynamic contrast-enhanced MRI (DCE-MRI). This involves the 
rapid acquisition of images following a bolus injection of gado- 
linium at different time points (e.g. 10-20 second intervals). The 
signal intensity can be plotted against time and by assessment of 
the gradient of the curve and time of onset of enhancement these 
findings can be matched to time-intensity curves. Specific features 
such as early enhancement and rapid washout are more strongly 
associated with malignant enhancement. 

DCE-MRI has been used in breast cancer for the last decade and 
the technique is now gaining evidence for use in prostate cancer, 
improving sensitivity, and specificity in diagnosis. 


Patient suitability for MRI 

MRI safety is normally carried out by local MRI units but 
patients with pacemakers, ferromagnetic or electronically acti- 
vated devices such as implantable cardiac defibrillators, ocular 


foreign bodies, cochlear implants, intracranial implants, shrap- 
nel injury, or recent surgery/prostheses may be unsuitable for 
MRI. Up to 10% of patients experience a degree of claustropho- 
bia and on occasion some patients refuse to proceed. More mod- 
ern scanners have a wider bore and a shorter tunnel which make 
the experience more tolerable. All patients must wear earplugs 
or headphones while being scanned to mitigate any discomfort 
in view of noisy mechanical vibrations. Although there is no 
there is no specific evidence to the contrary, pregnant women in 
their first trimester are generally excluded from the MR scanner. 
Consultation with the MRI department if there are any concerns 
is essential. 


MRI for kidneys and MR urography 


Indications for MRI renal imaging 


Renal MRI is generally used as a problem solving tool after ini- 
tial renal investigations such as ultrasound or CT. Evaluation of 
the indeterminate renal lesion is the major indication. However, 
there are situations when this is used as the primary renal imaging 
modality, for example during pregnancy, in children, in patients 
on extended renal surveillance and those allergic to iodinated con- 
trast media. This article will focus on MRI imaging as related to the 
renal parenchyma and collecting system. Renal arterial imaging, 
for example, for suspected renal artery disease or for pre-transplant 
donor work-up, will not be covered. 


Technical aspects and specific MRI sequences 


Motion artefact is a constant concern with renal imaging and fast 
imaging acquisition is necessary. Respiratory-gating or trigger- 
ing may be necessary in some. Sequences will vary but at the least 
should include T1 and T2 weighted sequences in the axial and 
coronal planes, with some further post-contrast sequences. Each 
sequence can be uniquely informative. Most solid lesions are of 
low signal on T1. High T1 signal may be seen with haemorrhagic 
lesions, masses containing macroscopic fat or melanin, or cysts 
with highly proteinaceous content. T2 sequences are particularly 
useful for characterizing cysts and evaluation of hydronephrosis, 
as well as for better characterization of renal masses. T1 sequences 
acquired such that signal from fat is selectively suppressed; and can 
be used to confirm fat containing masses such as angiomyolipoma 
or retroperitoneal liposarcoma. 

Post intravenous contrast studies can be timed for the arter- 
ial, nephrographic, or pyelographic phases. The arterial phase is 
useful for suspected renal artery stenosis and for vascular sta- 
ging and planning of renal tumour surgery. The nephrographic 
phases are indispensable for the evaluation of renal masses, as 
the study of neo-vascularity is central for the radiological inves- 
tigation of suspected renal malignancy. MR urographic phase 
is less commonly used compared to CT but has its place in the 
evaluation of hydronepherosis, especially during pregnancy and 
in childhood. Pyelographic images can be obtained without the 
use of contrast, as the T2 weighting of the scan be selectively 
boosted to the render the urine filled collecting system espe- 
cially signal bright—so-called heavy T2 weighted scans, and this 
is especially useful scan in the pregnant woman with loin pain. 
Diffusion-weighted imaging has shown some promise regarding 
renal tumour grading. 


Renal mass analysis and characterization 


Evaluation of the content, morphology, and most importantly vas- 
cularity, the latter being a surrogate measure of the neo-vascularity 
in the case of malignancy, is central to the radiological assessment 
of renal masses. 


(i) Content—the signal characteristics should differentiate a cyst 
from a solid mass, and the latter can be further characterized 
as fat containing or non-fatty. Broadly speaking, cysts are low 
T1, high T2; masses are low T1 and low T2, with fat contain- 
ing masses being especially low signal on the fat-suppressed 
images. Non-fat-containing masses will not further change on 
fat-suppressed masses. There are exceptions. Hyperdense cysts 
will be high on T1 scans, as will haemorrhagic cysts; but in 
both cases will maintain their high T2 signal and this is used 
to differentiate them from renal tumours. Signal form blood 
products can also vary according to the time. 


(ii) Morphology—this is used for characterization of com- 
plex cysts according to the Bosniak system, and is further 
discussed below. 


Fig. 10.4.2 Enhancing right mid-pole renal mass (white arrow) pre-contrast 
(A) and post-contrast axial T1-weighted images (B). 
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(iii) Enhancement—is the principal indicator of possible malig- 
nancy in a non-fat containing renal lesion (see Fig. 10.4.2). 
Unlike with CT, MRI does not easily allow quantitative meas- 
urement of enhancement as MR signals are not calibrated 
in the same way as CT attenuation values. The MR signal is 
dependent on multiple variables (e.g. tissue characteristics, the 
size of the patient, pulse sequence, gain setting of the MRI sys- 
tem, and the MRI coils used, none of which can be easily stand- 
ardized). However, subjective assessment of enhancement in 
renal lesions has demonstrated accurate detection of renal cell 
carcinoma.*4 The pre-contrast images can be subtracted from 
the post-contrast images to produce a ‘subtraction’ series. This 
is excellent for determination of mass enhancement. The over- 
all sensitivity of subtraction imaging was 99% for the diagnosis 
of a malignant lesion when compared to 95% using quantita- 
tive evaluation.* Caution must be applied with lesions that are 
T1 hyperintense on the pre-contrast scans, as this may obscure 
enhancement. Small lesions may also be difficult to assess 
accurately.” 


MRI features to aid carcinoma subtyping 


Clear cell carcinomas (80-90% of renal cell carcinomas) have 
been shown to demonstrate a greater degree of early enhance- 
ment on MRI (and CT).6 Clear cell carcinomas are more likely 
to be necrotic (seen as moderate to high signal on T2 weighted 
images—indicator of the ‘liquid’ fraction due to necrosis) with 
lack of enhancement on post-contrast sequences in the necrotic 
regions. An irregular solid rim of enhancing tumour is often seen 
surrounding necrosis. 

Fat content implies an angiomyolipoma, but very rarely fat can 
also be seen with clear cell carcinomas, either because the tumour 
has engulfed perinephric/sinus fat or secondary to metaplastic 
bone formation within malignant tissue. The presence of calcifica- 
tion may assist diagnosis as intralesional calcification is extremely 
rare in AML. A lesion with macroscopic fat content and calcifica- 
tion is therefore more suggestive of renal cell carcinoma. However, 
caution should be employed as there is no MRI signal from calci- 
fication, resulting in a signal void that may be easily overlooked. 
Other modalities such as ultrasound or CT should be reviewed.” 
Internal haemorrhage within the tumour can complicate appear- 
ances, seen as high T1 and T2 signal, but long-standing haem- 
orrhage with haemosiderin deposition results in low T1 and T2 
signal. 

Papillary renal carcinomas account for up to 10-15% of renal cell 
carcinomas. Type 1 (basophilic) papillary tumours are associated 
with homogeneous low signal intensity on T2-weighted images 
and low-level enhancement, although can less commonly exhibit 
haemorrhage or necrosis. Type 2 (eosinophilic) papillary tumours 
tend to exhibit a more complex appearance with haemorrhage and 
necrosis and may demonstrate enhancing papillary projections at 
the periphery of the mass. A fibrous capsule (especially low T1 sig- 
nal) can be associated with papillary renal carcinomas. 


Cystic renal lesions 


MRI is more sensitive than CT or ultrasound for the morphological 
evaluation of features such as the presence, thickness, and enhance- 
ment of septa; as well as wall or septal nodularity and soft tissue 
enhancement (see Fig. 10.4.3). In a comparative study, Bosniak 
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Fig. 10.4.3 Coronal FIESTA fat-saturated sequence demonstrating right complex 
renal cyst with multiple internal septations. 


categorization on CT and MRI was similar in 81% of 69 complex 
cysts, but in the other 19%, MRI better demonstrated septa and 
enhancement, such that cysts were upstaged in 10% of cases. MRI 
is especially suited for surveillance of complex cysts, as it is more 
accurate and of course safer. 


MRI in staging of renal cell carcinoma 


Staging by CT or MRI are of similar accuracy. Partial nephrectomy 
is increasingly performed for renal cell carcinoma (RCC) and by 
utilizing multiplanar reformats, maximal intensity projections can 
accurately portray the proximity of the tumour to the renal hilum or 
collecting system. The presence of a pseudocapsule, a hypointense 
rim on both T1 and T2 weighted images is detected with higher sen- 
sitivity on MRI than CT. The pseudocapsule is a rim of compressed 
renal and fibrous tissue and is a sign of lack of perinephric invasion 
and thereby a favourable indicator for partial nephrectomy. 

Contrast-enhanced T1 weighted angiographic sequences will 
depict renal vein invasion (T3b disease) and the presence of tumour 
thrombus as a filling defect with high accuracy.’ The cranial extent 
of tumour thrombus into the IVC (T3c disease) was better depicted 
on MRI than CT in some studies.!° In the past, MRI was felt to be 
the modality of choice for the evaluation of venous invasion, but 
this advantage may no longer hold with the advent of multidetector, 
multiformat CT. The use of gadolinium contrast enhancement is 
also useful in differentiating tumour thrombus from bland throm- 
bus, with enhancement of the thrombus indicating tumour throm- 
bus.!! MRI also has a role in detecting tumour invasion into the 
wall of the IVC (T3c disease) but accuracy is still to be fully evalu- 
ated. It is possible that MRI is better than CT for the identification 
of bland thrombus and for evaluation of venous wall invasion but 
there are no comparative studies. 


MR urography 

This allows the visualization of the ureters and pelvicaliceal system. 
MR urography has a specific role in assessing painful hydronephro- 
sis in pregnancy (see Fig. 10.4.4). There are two main techniques in 
acquiring MR urography: 


(i) Heavily T2-weighted images (e.g. single shot fast spin echo— 
SSFSE) may clearly depict urine in the renal collecting system 
by virtue of the long T2 relaxation times.!* Construction of a 
MIP (maximum intensity projection) results in an TVU’ style 
image that readily illustrates the level of obstruction. 


(ii) Contrast-enhanced T1 weighted delayed images can be 
used with delayed images obtained at five to eight minutes 
post injection. Many centres administer a diuretic, such as 
Furosemide, to dilute the contrast in the collecting system and 
enhance distension of the collecting system. 


There are no established advantages of MR urography compared to 
CT urography, other than its relative safety, but it may better dem- 
onstrate periureteric oedema secondary to obstruction.!? However, 
in MRI a ureteric filling defect appears as a non-specific signal void. 
The filling defect can be due to calculus or tumour, clot, gas, or 
sloughed papilla, and in this situation additional MR sequences or 
CT may be more specific.” 

This highlights the significant disadvantage of MR. Compared to 
CT it is relative insensitivity to small calcified stones in the collect- 
ing system or ureters. Therefore in certain circumstances it may be 
prudent to obtain a plain radiograph or non-contrast CT to evalu- 
ate for nephrolithiasis.!3 


MRI of the bladder 


Imaging of the urinary bladder is challenging and imaging modali- 
ties cannot displace direct cystoscopy for the evaluation of super- 
ficial tumours of the bladder. However, muscle invasive bladder 
cancer is difficult to visually assess and imaging has a role in these 
patients. CT urography has vastly facilitated the non-invasive 
assessment of the urothelial tract, including the bladder, but CT has 
limitations in differentiating depth of bladder wall muscle invasion. 


Indications for bladder MRI 


Common indications are to stage known bladder carcinoma, assess 
for bladder tumour recurrence, measure response to chemother- 
apy, to evaluate for secondary invasion from gynaecological, pros- 
tate, or rectal malignancy, and to assess congenital anomalies or 
anatomical variations 


Technical aspects and specific MRI sequences 


A moderately full bladder is optimal. A compression band across 
the abdomen and administration of antispasmodics can be used to 
minimize respiratory and peristaltic artefacts. Thin slices (4-5 mm 
thickness or less) are used for better definition of the bladder wall. 
Sequences will vary but usually include a T1 weighted axial sequence 
of the pelvis for nodal analysis and T1 and T2 weighted fast spin 
echo sequences in two planes (axial and coronal) for bladder wall 
analysis and tumour localization. An additional T2 weighted axial 
sequence taken in an oblique plane perpendicular to the tumour- 
bladder wall interface is helpful for analysis of muscle invasion. 
Post-contrast studies are not routine, but T1 weighted sequences at 
20 seconds (arterial) and 70-115 seconds (venous phase) following 
gadolinium administration, with delayed images (at approximately 
five minutes) are of help—in particular, sagittal and coronal post- 
contrast sequences aid visualization of the bladder dome and blad- 
der neck invasion. The latter is especially useful as prostate invasion 
will upstage the tumour. Diffusion-weighted imaging may also be 
used but its role has not been clearly established. 
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Fig. 10.4.4 MR urography performed in a 28-week gravid female with persistent right loin pain and hydronephrosis on ultrasound. (A) Right perinephric oedema 
suggest concomitant pyelonephritis. (B) The dilated right ureter tapers due to compression by the gravid uterus with no calculus present. 


The normal bladder wall is of low signal intensity on T1 and T2 
weighted images. Normally there is a smooth contour between the 
low signal of bladder outer wall and high signal of the perivesical fat 
(unless fat-saturation has been used).!4 Urine is of especially high 
signal on T2 weighted images (Fig. 10.4.5, Fig. 10.4.5A). Signal 
characteristics of bladder tumour and bladder wall are variable. 
On T1-weighted images the tumour is of similar intensity to blad- 
der wall, Higher signal than urine (urine is dark on T1 weighted 
images) but of lower signal than perivesical fat (Fig. 10.4.5B). On 
T2-weighted images the tumour is of intermediate to high signal 
intensity and of higher signal than bladder wall and muscle but 
lower signal than urine (on T2 weighted images, urine is high sig- 
nal). On DWI studies, the tumour is of high signal but of restricted 
diffusion on the ADC maps (Figure 10.4.5C and 10.4.5D). 


The TNM staging classification is most widely used for this and is 
detailed in Section 6. 


Use the contrast-enhanced fat-saturated T1 weighted images in 
combination with T2w images to assess muscle invasion. Contrast 
administration especially aids differentiation between T2a and 
T2b tumours (superficial versus deep muscle invasion) and T3b 
tumours (extension through the bladder wall).!5 Tumour enhances 
much earlier than the bladder wall due to neovascularization. The 
normal bladder wall does not enhance significantly on the early 
enhanced images and in the arterial phase (20 seconds) bladder 
tumours enhance more than the adjacent bladder wall.!° The blad- 
der wall enhances later at about 60-90 seconds. On these early 
phase images, urine will remain low intensity on T1 but on delayed 
images (at five minutes) the urine within the bladder will become 


of high intensity.!” The detrusor muscle is a low intensity line on 
T2w imaging and this line is interrupted in the presence muscle 
invasive disease. 

Microscopic perivesical disease (T3a disease) cannot be reliably 
detected using MRI (or CT for that matter). Differentiation is espe- 
cially challenging soon after deep bladder biopsies, in which case 
the perivesical planes will be ill-defined. A delay of 4 weeks after 
biopsy is recommended. A measurable extravesical mass designates 
T3b disease and invasion of the tumour into surrounding struc- 
tures such as the uterus, vagina, prostate, or seminal vesicles further 
upstages it. Staging accuracy is reported as variable even using MRI 
with contrast and ranged between 52-93% although many stud- 
ies are no longer contemporary.!®18-2° Overall accuracy has been 
reported up to 92% when using T2 weighted, contrast-enhanced T1 
and diffusion-weighted sequences, in combination.”! The contribu- 
tion of DWI has not yet been clearly defined. 


It is very difficult to differentiate T2a (superficial muscle) from T2b 
(deep muscle) disease. Overstaging is a common pitfall in evalu- 
ating local extent of bladder malignancy due to the presence of 
post-biopsy inflammation, granulation tissue, and fibrosis which 
can be mistaken for invasion. Under or overdistension of the blad- 
der can lead to misinterpretation of bladder wall muscle invasion. 
Small tumours may be undetected; and flat or sessile tumours 
may also be missed. Delayed contrast-enhanced images can result 
in gadolinium-enhanced urine layering within the bladder and 
obscuring small bladder lesions.'4 


It is essential to review the images for enlarged perivesical, pel- 
vic side wall or distant/para-aortic lymph nodes. Nodal staging is 
detailed in Section 6. The most common site for regional lymph 
node spread is to the obturator nodes.!” 
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Fig. 10.4.5 (A) Axial T2 weighted image of low signal anterior bladder tumour (note the urine in the bladder is high signal on T2). (B) Axial T1 weighted image 
demonstrating the bladder tumour as a low signal lesion. (C) Axial diffusion-weighted image (DWI) of low signal anterior bladder tumour. High signal within the lesion 
confirms restricted diffusion. (D) The ADC map (apparent diffusion coefficient) confirms true restricted diffusion with low signal corresponding to the mass. 


Detection of involved lymph nodes in transitional cell carcinoma 
(TCC) is challenging as measuring by size criteria (10mm short axis if 
ovoid and 8mm if round morphology) is not 100% reliable. Metastatic 
TCC can be present in normal-sized lymph nodes and both CT and 
MRI carry a false-negative rate. In addition, lymph node metastases 
may enhance to the same degree as the primary tumour and this may 
cause difficulty in discrimination from adjacent blood vessels. Round 
lymph nodes of the same signal as the bladder tumour are more 
likely to be malignant. Better results have been reported using intra- 
venous administration of ultra-small iron-oxide particles (USPIO or 
ferrumoxtran-10) to detect early nodal metastases in both bladder 
and prostate cancer. This technique uses gradient-echo (T2*) imaging 
to detect susceptibility artefact within normal lymph nodes (i.e. they 
appear darker, almost black) with no effect on malignant nodes.” 


Prostatitis, benign prostatic hyperplasia (BPH), and prostate abscess 
are better evaluated with ultrasound, as is suspected abnormalities 


of the ejaculatory ducts or seminal vesicles. The main indication for 
prostate MRI is for the staging of prostate cancer. Thus far MRI has 
been used in the staging of biopsy confirmed prostate cancer and to 
detect locoregional recurrence after definitive treatment for prostate 
cancer. Emerging indications are for the pre-biopsy risk stratifica- 
tion of the man with an elevated prostate-specific antigen (PSA), 
its use when prostate cancer is suspected despite negative biopsy, as 
part of an active surveillance policy and to assist in the selection and 
monitoring of focal ablative treatments. These emerging indications 
are not yet of proven value, but much research is active in this area. 


MRI prostate should ideally be delayed for four to six weeks after 
prostate biopsy to prevent false positive diagnoses due to post- 
biopsy inflammation or haemorrhage. Studies have demonstrated 
a significant decrease in post-biopsy haemorrhage on MRI after six 
to eight weeks,?> but other studies have shown that it can persist for 
up to four months. 

Sequences will vary but usually include a T1w axial study of the 
pelvis for staging of nodes, local tumour invasion, and pelvic bone 


metastasis, followed by high definition focused T1 and T2w studies 
of the prostate gland and seminal vesicles. Ideally the T2w sequences 
should be in three orthogonal planes (axial, sagittal, coronal; but 
at the least axial and coronal). Diffusion-weighted imaging (with 
an ADC map) has been proven to aid tumour localization; but the 
value of MR spectroscopy or dynamic contrast-enhanced MRI is 
still debated. Nevertheless, the most recent published recommen- 
dations advocate the use of at least DWI—so-called multiparamet- 
ric MRI of the prostate gland. 


Normal anatomy 


The zonal anatomy of the prostate is key to MRI interpretation. 
On T1-weighted imaging the normal prostate, seminal vesicles, 
and periprostatic veins are of uniform intermediate signal and the 
zonal anatomy cannot be distinguished. On T2 weighted imaging, 
the peripheral zone is of homogeneous high signal intensity, with 
a thin low signal rim of the prostate capsule, and the anterior (or 
inner) gland is of lower and heterogeneous signal comprising the 
inseparable central and transition zones. With increasing age and 
the development of BPH, the transition zone becomes even more 
heterogeneous with distinct, well-defined mixed signal adenomas, 
increases in size, and compresses the peripheral zone into a thin 
stripe. On T2-weighted images the seminal vesicles have a high 
signal multilocular cystic structure with thin low intensity walls. 
The lumen is clearly identifiable. The anterior fibromuscular stroma 
is of especial low intensity on both T1 and T2 weighted imaging. 
The neurovascular bundles pass posterolateral to the capsule at the 
5 and 7 oclock positions. At the apex and the base there are ves- 
sels penetrating the capsule and these are an important location to 
assess for extracapsular spread.**?° 

The prostate can be divided into sextants in a similar fashion 
to transrectal ultrasound. Division in the craniocaudal plane into 
base, mid-gland, and apex and then a vertical division into left and 
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right sides is the most common nomenclature; but more complex 
patterns have been described. 


Imaging of prostate cancer and how to stage 


Most prostate cancers arise from the peripheral zone and are of low 
signal on T2 weighted imaging. Post-biopsy haemorrhage is also of 
low signal on T2 weighted images, but can be differentiated by the 
presence of high signal on T1 weighted images (see Fig. 10.4.6). 

On the DWI sequences, the tumour may of high signal on 
the long b-value DWI series and of low signal, in keeping with 
restricted diffusion, on the ADC maps. On the dynamic post-con- 
trast series, cancer is seen as an area of early avid vascularity with 
rapid washout. Tumours arising in the anterior gland are not eas- 
ily distinguishable from coexistent BPH and adenomas, but the 
commonest recognizable pattern is as a low signal, crescentic area, 
so-called brush stroke appearance. DWI and post-contrast studies 
are less helpful in the anterior gland. TNM or Jewett-Whitmore 
Staging systems can be used but TNM staging is most widely used 
(please see https://cancerstaging.org for further information of 
TNM staging). 


Staging accuracy of prostate cancer 


It is difficult to quote a precise staging accuracy as there is consid- 
erable diversity in reported sensitivity and specificity. Accuracy val- 
ues for staging vary between approximately 55% to in excess 90% 
with standard techniques using pelvic coils. Techniques can vary 
with some centres using endorectal coils (ERC) and the advent of 
diffusion-weighted imaging and dynamic contrast enhanced tech- 
niques which are improving accuracy. There has been ongoing dis- 
cussion regarding the value of endorectal coils (ERC) versus pelvic 
phased array (PPA) coils. Previously authors have stated that signifi- 
cant artefacts relating to endorectal coils can result in image deg- 
radation and non-diagnostic studies Experience with ERC coils has 


Fig. 10.4.6 (A) Axial T2MRI demonstrates intermediate to low signal change in the right peripheral zone at the 6 to 8 o'clock positions. (B) Axial T1 sequence in the 
same patient as (A) demonstrates high T1 signal in the corresponding 6 to 8 o'clock position confirming post-biopsy haemorrhage rather than tumour infiltration. The 


patient was recalled for repeat interval imaging. 
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reduced such artefacts, but parallel improvements of PPA coils and 
the advent of 3T magnets has also improved pelvic coil imaging. 
Multiple studies in the last decade have reported a wide range of 
sensitivities and specificities (approximately between 49-97%) for 
the detection of extracapsular extension and seminal vesicle inva- 
sion.?®?7 In an MRI imaging/pathological correlation study using 
endorectal coils at 1.5 Tesla, a high overall specificity of 95% was 
reported, but the sensitivity of MR imaging was more limited for 
detection of occult T3 tumour.?8 Studies using 3T MRI have quoted 
accuracy of 94%, sensitivity of 88% and specificity of 96%. With 
high levels of radiological experience and new technologies, staging 
accuracy can be considered of a high standard.??-3! However, these 
studies are form expert centres with experiences readers. The true 
accuracy of MRI in routine practice is still not thoroughly defined. 


Correlation with clinical findings (DRE, PSA level, family history, 
and so on) is essential. Review the T1w sequences for high signal 
within the prostate gland which may represent post-biopsy haem- 
orrhage. Look closely at the peripheral zone on the T2-weighted 
images and identify areas of focal low signal which may reflect 
tumour. Correlate with the T1l-weighted sequences to ensure 
these are not due to haemorrhage. Assess whether there is uni- 
lateral or bilateral tumour involvement. If available, review the 
diffusion-weighted images. Areas of tumour may be of high sig- 
nal on DWI, however it is vital to look at the ADC map (apparent 
diffusion coefficient) as lesions with true restricted diffusion (i.e. 
tumour) will demonstrate a corresponding low signal on the ADC 
map. Signs of extracapsular invasion include?" capsular breach, 
obliteration of the rectoprostatic angle, asymmetry of the neuro- 
vascular bundle, tumour encasement of the neurovascular bun- 
dle, asymmetric prostate capsular bulge with irregular margins or 
low signal or enlargement of the seminal vesicle (see Fig. 10.4.7 
and Fig. 10.4.8). 


Fig. 10.4.7 Axial high resolution T2 weighted image. Asymmetric prostatic 
capsular bulge and obliteration of the rectoprostatic angle consistent with right 
peripheral zone extracapsular invasion (T3A staging). 


Look at the adjacent rectum, bladder neck, and other pelvic 
structures for evidence of invasion into adjacent structures. Review 
the wider field of view T1 and T2 weighted images for any obtur- 
ator, pelvic, iliac, or para-aortic lymphadenopathy. Look at the 
bony pelvis, femora, and visualized vertebrae for any evidence of 
bony metastatic disease. Bone metastases most often are low signal 
on both T1 and T2 weighted images. 


Background prostatitis can result in an intermediate low T2w sig- 
nal in the peripheral zone, and this can closely mimic cancer. DWI 
images should help as tumour is of restricted diffusion, but some 
restriction may also be seen with inflammation. This is a particular 
issue with differentiating low grade (Gleason 6 or less) tumour from 
inflammation. Furthermore, inflammation will also be of increased 
vascularity. Florid BPH changes can cause significant heterogeneity 
within the central and transition zones leading to difficulty in iden- 
tifying tumour in these locations. Small anterior gland tumours are 
especially challenging, as some adenomas can be of homogenous, 
low T2 signal, and indistinguishable from cancer. Under or over- 
staging of extracapsular spread also occurs, and post-biopsy arte- 
fact is the usual culprit with the latter. All these issues are being 
extensively explored and further refinements can be expected. 


These have already been alluded to above. 3T improves the signal to 
noise ratio with higher resolution T2W studies. Dynamic contrast 
enhanced MRI sequences can improve tumour detection and visualiza- 
tion of capsular penetration. This involves real-time analysis of increas- 
ing enhancement following intravenous gadolinium administration. 


Fig. 10.4.8 Axial high resolution T2 weighted image. Low signal change within 
the medial left seminal vesicles indicates tumour invasion (T3B disease). 


Tumours demonstrate more rapid washout of contrast than normal 
tissue due to malignant angiogenesis. Time-enhancement curves can 
be used to plot the contrast enhancement within a specified ‘region-of- 
interest’ to identify curves more specific for malignancy. 

Overall the technique has not yet gained universal favour. A study 
evaluating the combination of T2-weighted imaging, DCE-MRI 
and DWI for the detection and localization of prostate cancer has 
assessed these techniques in combination also termed multipara- 
metric MRI.*? For peripheral zone tumours sensitivity of 80% and 
specificity of 97% (95% CI of 93-99%) was achieved for tumour 
identification to a given quadrant. For transitional zone tumours, 
T2 weighted imaging alone demonstrated sensitivity of 71% and 
specificity of 98% which was identical to that achieved using T2w 
and DWI in combination. 


MR spectroscopy (MRS) is a functional study and assesses the 
concentration of specific metabolites. In prostate cancer three 
metabolites—citrate, creatine, and choline—are measured. 
Tumours have higher choline and lower citrate levels compared 
to normal tissue and BPH. MRS may assist in identifying cancers, 
especially within the transition zone, but the experience so far has 
been mixed.3334 It is used in only in some centres. 


Although ultrasound is the most commonly used modality for the 
investigation of scrotal pathology, MRI can be a helpful adjunct 
in certain circumstances such as characterization of spermatic 
cord and extratesticular masses such as spermatic cord lipomas, 
haematomas, sarcomas, and fibrous pseudotumours. The added 
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information provided by MRI may allow for a more conservative 
approach to patient management by accurate demonstration of the 
presence of a haematoma or fatty tissue. 

The multiplanar capabilities, large field of view and lack of ioniz- 
ing radiation make MRI the next best investigation after ultrasound 
for the localization of impalpable, undescended testes. Coronal 
sequences allow for the demonstration of the gubernaculum testes 
and spermatic cord which can be traced to the scrotum, while the 
pelvis and retroperitoneum can also be interrogated for ectopic tes- 
tes. The addition of diffusion-weighted sequences can increase the 
sensitivity of the study as normal testicular tissue returns intense 
high signal against adjacent tissues. 


Once again a combination of clinical assessment and ultrasound 
are used in the vast majority of patients with penile pathology. 
However in selected patients with a history of trauma, MRI can 
help demonstrate subtle penile fractures given this modality’s high 
sensitivity for the demonstration of haemorrhage and detection of 
tunical disruption (see Fig. 10.4.9). MRI may also demonstrate sup- 
plementary information not readily assessed on any other modali- 
ties, such as cavernosal avulsion from the ischium or damage to 
the suspensory ligaments. There may be some role in patients with 
priapism. Cavernosal ischaemia due to low flow priapism can be 
visualized on post-contrast MRI sequences and help assess the like- 
lihood of recovery. With high flow priapism, the culprit fistula may 
be seen. Although there is no defined role for MRI in the staging of 
penile cancers, depth of invasion may be more accurately assessed 
using a combination of pre and post-contrast imaging to aid sur- 
gical planning. Meanwhile in women, MR imaging can elegantly 
delineate urethral diverticula, clearly differentiating these from 
other periurethral and perivaginal cysts. 


Fig. 10.4.9 (A) Sagittal T2 weighted MRI penis demonstrates small defect in the dorsolateral wall of the right corpus cavernosum diagnosing penile fracture. (B) Also 


demonstrates the penile fracture in coronal plane. 
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Chronic pelvic pain 

This enigmatic and common condition, whereby pain is perceived 
in structures within the pelvis, can be difficult to manage but MRI 
of the pelvis and sacrum can be of use in excluding pathologies 
with more specific management options such as sacral spinal cord 
disease, perianal fistula, and endometriosis. 
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CHAPTER 10.5 


Interventional radiology 


Steven Kennish 


Introduction to interventional radiology 


Although imaging technology and interventional techniques are 
being constantly improved and refined, the basic foundation pro- 
cedure for interventional uroradiology; the percutaneous insertion 
of a nephrostomy drain, remains the most commonly performed 
intervention. 

Natural extensions of this technique include both percutan- 
eous stone removal and antegrade ureteric stenting. The urological 
surgeon must have a complete grasp of what these fundamental 
procedures entail, their indications, the techniques involved in per- 
forming them, and the recognized limitations and complications. 
The most commonly requested uroradiological interventions are 
given appropriate emphasis in the following pages. 


Percutaneous nephrostomy 


Introduction 


Radiologically guided percutaneous drainage of the kidney has 
become a basic tenet for the management of renal tract obstruc- 
tion, having been first described in 1955.1 


Indications 


Indications vary slightly depending on local expertise and prefer- 
ences, but the main reasons for inserting a percutaneous nephros- 
tomy (PCN) are detailed in Box 10.5.1. 

Renal tract obstruction may be congenital, developmental, stone 
related, malignant, or iatrogenic. Chronic obstruction may present 
acutely if secondary infection develops. 

An acutely obstructed kidney suffers ischaemic damage and a 
PCN is a quick and effective method of decompressing the collect- 
ing system, draining infected urine, and relieving pressure on the 
renal functional units.” Often the decision to proceed to PCN is 
made before the exact cause of obstruction has been diagnosed. 

There is little evidence to indicate that a PCN is superior to a 
retrograde stent as the primary treatment for an infected obstructed 


Box 10.5.1 Percutaneous nephrostomy (PCN) indications 


+ Relief of ureteric obstruction 
+ Drainage of infected urine 
+ Pain relief in ureteric colic 


¢ Urinary diversion to facilitate the healing of leaks or fistulae 


+ Prerequisite to percutaneous renal tract surgery 


collecting system, although it does avoid a general anaesthetic and 
ureteric manipulation.* 

The timing of PCN insertion should be commensurate with the 
patient's clinical status. Bilateral renal obstruction, obstruction of a 
single functioning kidney, systemic features of sepsis, or refractory 
hyperkalaemia necessitate an urgent PCN. 

Malignant ureteric obstruction can be caused by infiltrative pri- 
mary tumour, nodal enlargement, or other metastatic disease. PCN 
drainage of the kidneys has a dual role, preserving nephrons and 
preventing urosepsis, allowing for nephrotoxic and immunosup- 
pressive chemotherapy where appropriate. 

Iatrogenic ureteric occlusion or injury is an infrequent com- 
plication of major laparoscopic surgery.> Percutaneous urinary 
diversion allows healing of a leak at a site of injury, or a defect- 
ive ureteroileal anastomosis. Fistulating disease within the pelvis, 
incontinence and irritative bladder symptoms post radiotherapy 
are also recognized indications for urinary diversion necessitating 
bilateral PCN insertion. 


Techniques 


PCN insertion techniques are very much tailored by individual 
radiologists. The basic principles of the procedure are outlined in 
Box 10.5.2. 

The risks quoted for haemorrhage, infection and procedural 
failure should be based on individual operator audit data (see 
Table 10.5.1). Pre-procedural analgesia is recommended, and the 


Box 10.5.2 Principles of percutaneous nephrostomy technique 


Insertion of PCN 
1. Aseptic skin preparation and draping 
. Infiltration of local anaesthetic down to the renal capsule 
. Ultrasound guided puncture of a target calyx 


2 

3 

4. Aspiration of urine 

5. Careful contrast administration under fluoroscopy guidance 
6 


. Guidewire placement through the puncture sheath in to the 
pelvicalyceal system 


N 


. Dilatation of a percutaneous track 


8. PCN drain insertion and deployment in the pelvicalyceal 
system 


9. Fixation of the PCN drain with dressings and connection to 
a drainage bag 
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Table 10.5.1 Complication rates associated with 
percutaneous nephrostomy (PCN) insertion 


Complication Rate 
Haemorrhage <4% 
Urosepsis <4% 
Renal pelvic injury <1% 
PCN dislodgement <15% 


Source: data from Wah TM et al, ‘Percutaneous nephrostomy 
insertion: outcome data from a prospective multi-operator 
study at a UK training centre’, Clinical Radiology, Volume 59, 
Issue 3, pp. 255-261, Copyright © 2004 The Royal College 

of Radiologists; and Lewis S et al, ‘Major complications after 
percutaneous nephrostomy—lessons from a department 
audit, Clinical Radiology, Volume 59, Issue 2, pp. 171-79, 
Copyright © 2004 The Royal College of Radiologists. 


patient’s coagulation profile should be normal. Antibiotics are 
administered if there is a clinical suspicion of infection or there 
are risk factors such as stone disease, recent instrumentation, or an 
indwelling foreign body. 

Traditionally PCN insertion has been fluoroscopically guided 
and performed in the prone position, but ultrasound allows for 
safe supine/oblique PCN insertion. Supine positions are expe- 
dient for pregnant women and those patients with painful anter- 
ior abdominal wounds, stomas, spinal injuries, and tracheostomy 
tubes. A posterior axillary line approach allows a puncture along 
the avascular plain of Brodel, a natural watershed territory between 
the dorsal and ventral branches of the renal arteries, so as to min- 
imize vascular injury.® 

Ultrasound allows the visualization and avoidance of bowel, solid 
viscera and lung edge/pleura. The dark anechoic fluid-filled hydro- 
nephrotic pelvicalyceal system is very clearly demonstrated against 
the echo-bright renal sinus fat. 


Intravenous contrast can be used to opacify the collecting system 
in non-obstructed cases. Fluoroscopy is then used to guide the nee- 
dle puncture of a calyx by angling the C-arm and using parallax 
to correct the needle trajectory. Ileal conduits allow for retrograde 
opacification. 

A subcostal approach avoids transgressing the pleura, which is 
painful and runs the risk of complications. Puncturing above the 
twelfth rib is commonly performed but venturing above the elev- 
enth rib is not recommended due to a very high association with 
pleural complications.”® 

Most radiologists use ultrasound alone to guide the initial 
puncture. 

Typically a thin 22 G trocar needle or a larger 19 G needle with 
a 15 G outer sheath can be used for calyceal puncture. The thinner 
needle is less traumatic and can be easily and safely repositioned, 
but it can be difficult to visualize with ultrasound because of its low 
acoustic impedance profile. The larger needles are better visualized 
and provide for more secure access but are a little more traumatic. 

In expert hands the hydronephrotic pelvicalyceal system is usu- 
ally accessed safely by a single puncture during suspended respir- 
ation. The non-hydronephrotic kidney is much more of a challenge. 


Limitations 


Spinal deformities and ectopic kidneys provide challenging anat- 
omy, but it is uncommon for overlying pleura or bowel to com- 
pletely preclude a percutaneous approach. The only absolute 
contraindication to PCN is an uncorrected bleeding diathesis. 
Haematology advice is valuable. 

Extra long puncture needles have been developed to deal with 
the morbidly obese patient who is often diabetic, and typically pre- 
sents with acute sepsis. Ultrasound transducer mounted needle 
guides are helpful in securing a trajectory predicted by an on screen 
pre-calibrated tramline target (Fig. 10.5.1). Larger sheathed punc- 
ture needles with crosshatched echo-bright tips improve visibility 
within the subcutaneous fat. 
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Fig. 10.5.1 The dark anechoic hydronephrotic pelvicalyceal system contrasts with bright hyperechoic renal sinus fat. The pre-calibrated needle guide tramlines can be 


used to assist renal puncture. 
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Fig. 10.5.2 The 0.038-inch wire can be easily visualized with ultrasound alone to confirm position. 


A single-step 8 Fr needle trocar-mounted drain insertion may be 
appropriate in the grossly hydronephrotic infected kidney, reduc- 
ing manipulation, and therefore the risk of bacteraemia. 

A 0.038-inch J-tipped guidewire can be adequately visualized 
with ultrasound alone, if fluoroscopy is not immediately available, 
or undesirable, such as in the pregnant patient (Fig. 10.5.2). Often 
a retrograde ureteric stent is preferable. Children require general 
anaesthesia. 


Complications 


PCN is a safe procedure, far more commonly performed to ameli- 
orate the complications of surgery than a source of surgically 
relevant complications. Nevertheless, as with any intervention, 
complications can and do arise. Procedures performed at night and 
by radiologists who do not normally perform PCN insertion may 
be subject to higher complication rates.?-!0 

Frank haematuria is normal post nephrostomy insertion. It usu- 
ally clears within 24-48 hours, but often, reassuringly, as the patient 
leaves the radiology suite. Even large clots are lysed by urokinase 
within a day or two. 

Persistent or worsening haematuria is an indication for a nephros- 
togram. If the nephrostomy tube has migrated and drain sideholes 
lie within the vascular renal parenchyma, then a replacement tube 
to tamponade the track is needed. Pseudoaneurysms and arterio- 
venous fistulae are rare, and embolization for bleeding post PCN is 
exceptionally uncommon (Table 10.5.1). 1! 

Despite best efforts to avoid manipulation within, and overdis- 
tension of the infected collecting system, systemic urosepsis can 
arise due to pyelovenous backflow. Inadvertent enteric injury is rare 
and minimized by the use of ultrasound. 1? 

PCN tubes have in-built fixation mechanisms, they do not ‘fall 
out, but are often inadvertently pulled out. PCN tubes can encrust, 
block, kink, and migrate and interventional radiologists have a 
number of tips and tricks for dealing with these scenarios. 

An external urine drainage bag is never popular with a patient, 
unless there is no other option, and the PCN is understood to be 


preserving or improving quality of life. Internalized drainage with a 
ureteric stent is always a more attractive option, but may not work, 
or cause side effects. There is little good evidence as to the effects of 
PCN on quality of life, but preserving renal function and prolong- 
ing life in the terminally ill patient is something that requires very 
careful consideration, and should ultimately be a decision taken by 
the patient. 


Percutaneous nephrolithotomy 


Introduction 


Fernström and Johansson first described what is now known as 
percutaneous nephrolithotomy (PCNL) in 1976.13 

PCNL has replaced open stone surgery, offering similar stone 
clearance rates with reduced morbidity. Nevertheless, PCNL remains 
a major undertaking, not least because extracorporeal shock wave 
lithotripsy (ESWL), modern endourological stone fragmentation 
techniques and flexible ureteroscopes are pushing the PCNL case 
mix in the direction of the most complex and challenging cases. 


Indications 


The main indications for PCNL are stones greater than 2.5 cm in 
diameter, obese patients with a poor response to ESWL, stones 
associated with distal renal tract obstruction, lower pole stones, and 
stones associated with indwelling foreign bodies, such as encrusted 
stents. Failed primary or repeated ESWL and/or ureteroscopy treat- 
ment are also common indications. 


Techniques 


Pre-procedural imaging should be carefully evaluated in a com- 
bined endourology meeting. A planning computed tomography 
(CT) scan should be used to evaluate all but the simplest of stones. 
An unenhanced phase demonstrates the stone burden and a delayed 
urographic phase details the pelvicalyceal anatomy, invaluable for 
planning access. Three-dimensional reconstructions are particu- 
larly helpful. Aberrant pelvicalyceal anatomy can be identified, and 
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the pleural reflections and position of the colon can be taken into 
account when considering the approach. 

Stones are colonized, and preoperative antibiotics mitigate 
against the worst consequences of procedure related bacteraemia. 

A prone or supine approach is possible. It is intuitive to keep the 
patient supine if retrograde ureteric catheterization in the lithot- 
omy position is undertaken, allowing for combined percutaneous 
and retrograde intrarenal stone surgery. The Galdakao-modified 
supine Valdivia position and other described supine and supine- 
oblique positions are now well accepted, and have been shown by 
some to be more time efficient.!4!5 Others have demonstrated a 
tendency to longer operative times and reduced stone free rates, 
but with lower rates of post procedural haemorrhage and fever.!® At 
present there is no strong evidence to favour any one patient pos- 
ition for PCNL over any other, though your anaesthetist and theatre 
staff will prefer the supine approach. 

Preoperative imaging should be displayed in theatre on a large 
screen, but the planned approach may be modified on the basis of 
real-time ultrasound and retrograde fluoroscopic assessment of the 
anatomy and stone burden. A radiologist is an expert at interpreting 
and cross-referencing CT, fluoroscopic, and ultrasound imaging to 
plan for the safest and best collecting system access. 

The usual approach is to target a calyx, which is in line with the 
long axis of the stone. The aim is to create the fewest tracks possible 
to clear the maximum stone volume, see Table 10.5.2. Although 
flexible instruments and laser lithotripsy can be invaluable, an opti- 
mally placed track will allow for much more effective rigid ultra- 
sonic or pneumatic lithotripsy. The kidney will only allow so much 
intrapelvicalyceal manoeuvring before the collecting system or par- 
enchyma splits. Acute angles between the track and stone are to 
be avoided, and occasionally large staghorn stones require multiple 
tracks. 

Parallel lower pole calyceal fragments are often inaccessible from 
a lower pole puncture. Techniques such as pulling the kidney in 
a caudad direction using either the sheath of an initial lower pole 
track, or an inflated ureteric occlusion catheter have been advo- 
cated to bring the upper pole calyx away from overlying pleura, but 
these methods should be adopted with caution. 

A radiologist will bring expertise in renal pelvicalyceal access and 
antegrade guidewire manipulation to allow the rapid placement of 
a safety wire down the ureter and in to the bladder. 

Tracks of between 24 and 30 Fr diameter can be created by tele- 
scopic metal dilators or serial fascial dilators, but there is a risk of 
kinking the heavy-duty access wire. The balloon dilatation system 
is preferred. 

Once a 9 Fr track has been created with a fascial dilator, the bal- 
loon device with radio-opaque markers can be appropriately placed 
and inflated under fluoroscopic control. Contrast is used to fill the 


Table 10.5.2 Approach to pelvicalyceal stone burden 


Stone location Track 


Isolated lower pole Direct lower pole puncture 


Multiple lower pole Upper pole puncture 


Isolated or multiple upper pole Lower pole puncture 


Staghorn Lower pole +/— further tracks 


Fig. 10.5.3 A 30 Fr access sheath, safety wire, and retrograde catheter are required 
for percutaneous management of this staghorn stone. 


balloon up to 10 mm in diameter. A stiff 30 Fr sheath can then 
be advanced with a rotational force over the carefully supported 
balloon, until it too lies at an appropriate position. It has been sug- 
gested that the lateral (rather than shearing) forces created by bal- 
loon dilatation may reduce the risk of parenchymal tearing, but 
the UK PCNL audit demonstrates a nonsignificant trend towards a 
higher transfusion rate with this method.!7-18 

A guidewire placed all the way down to the bladder can offset the 
need for a separate safety wire, but this is not always possible. Losing 
a newly created track by inadvertent withdrawal of the sheath can 
lead to disaster if there is no facility for rescue (Fig. 10.5.3). 

Occasionally intraoperative bleeding will halt progress. A large 
bore nephrostomy tube can be placed, and a second look proced- 
ure can be arranged once things have settled down. A post PCNL 
nephrostomy is not always necessary however (Table 10.5.3). 

Recent data indicates that 76% of PCNL patients in the UK still 
have a covering nephrostomy tube placed.!8 


Limitations and complications 


Retrograde catheter placement is not always possible in patients 
with complex lower tract anatomy or urinary diversions. If the 
stone burden is large enough to warrant PCNL, a direct ultrasound 
guided puncture on to a calyx or calyceal stone is usually possible. 


Table 10.5.3 Advantages of post-percutaneous nephrolithotomy 
(PCNL) nephrostomy placement versus ‘tubeless PCNL 


Post PCNL Nephrostomy Tubeless 


Allows drainage Reduced post-op pain 


Allows post-op nephrostogram Reduced post-op hospital stay 


Tamponades track No increased risk of bleeding 


Table 10.5.4 A UK PCNL audit based on 1,028 procedures documents 
complication rates 


Complication Rate 
aemorrhage requiring transfusion 2.5% 
aemorrhage requiring embolization 0.4% 

Post procedural fever 16% 

Post procedural sepsis 24% 

Visceral injury 0.4% 


Source: data from Armitage JN et al, ‘Percutaneous Nephrolithotomy in the United 
Kingdom: Results of a Prospective Data Registry’, European Urology, Volume 61, Issue 6, 
pp. 1188-1193, Copyright © 2012 European Association of Urology. Published by Elsevier 
B.V. All rights reserved. 


There is little agreement in the literature about how to assess for 
residual post PCNL fragments, and what constitutes a stone free 
state.!8 Comparison studies are limited by uncertainty over strati- 
fication of case mix and complexity, but the Guy’s Stone Score has 
been shown to accurately predict post PCNL stone free rate, albeit 
so far, at a single centre. 1° 

Complications are usually related to haemorrhage, urosepsis 
or urine leak, and have been classified by severity on the basis of 
the nature of further treatment required, using a modified Clavien 
grading system (Table 10.5.4).?° 

If there is clinical concern for significant postoperative bleed- 
ing, an urgent CT angiogram should be arranged after appropriate 
resuscitation. 

Post PCNL imaging follow up should be tailored to the indi- 
vidual patient, with rapid staghorn formers, and those with 
underlying metabolic predispositions requiring a more intense 
schedule. Repeat unenhanced CT is a cumulative radiation haz- 
ard, and the combination of plain film and ultrasound is usually 
sufficient if recurrent stones are to be treated with ESWL in the 
first instance. 

Less traumatic specially designed miniaturized dilators, sheaths 
and instruments are preferred in the paediatric population but are 
associated with longer operative times in the adult.2! Fluid bal- 
ance and prevention of hypothermia are particular concerns in the 
anaesthetised child. 


Antegrade ureteric stent insertion 


Introduction 


The placement ofa ureteric stent in an antegrade fashion is a natural 
extension of the PCN technique. Most patients find internal drain- 
age more convenient and cosmetically acceptable.” A ureteric stent 
is less likely to be inadvertently displaced than a PCN drain, and 
usually has a lower morbidity? 


Indications 


Ureteric stents drain the pelvicalyceal system in cases of ureteric 
obstruction (Table 10.5.5) and allow fistulae and leaks to resolve 
by providing a frame around which ureteral epithelialization is 
facilitated. 

An antegrade (as opposed to a retrograde) approach to stenting 
offers a greater success rate, especially for distal ureteric strictures. 
Even if a contrast injection demonstrates complete occlusion, it is 
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Table 10.5.5 Causes of ureteric obstruction 


Ureteric obstruction 


Non-malignant Malignant 
Stone disease Bladder 
Tuberculosis Prostate 
Post radiotherapy Cervical 
Retroperitoneal fibrosis Breast 


Pelviureteric junction obstruction Retroperitoneal 


Hydronephrosis of pregnancy 


often still possible to negotiate the stricture in an antegrade fashion 
with a torque-controlled hydrophilic wire (Fig. 10.5.4). Antegrade 
ureteric stent placement requires percutaneous renal access, which 
can be secured in advance with a PCN, or gained at the same sitting. 


© 0:00 
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Fig. 10.5.4 Even very tight distal ureteric strictures can be easily crossed with a 
guidewire and catheter. 


1121 


1122 


SECTION 10 RADIOLOGY 


Techniques 


See Box 10.5.3. 

An upper pole or interpolar calyceal track provides the best angle 
of approach towards the pelviureteric junction. Lower pole calyceal 
nephrostomy tracks can be utilized, but there is a tendency for the 
intrapelvicalyceal portion of the guidewire, catheter, and stent to 
buckle in the renal pelvis when the tip of the device meets distal 
resistance. Vascular sheaths can be used to provide rigid outer sup- 
port, preventing proximal loop coiling. 

A mature PCN access track of 8 Fr aids the procedure immensely, 
but single-step percutaneous puncture and stent deployment can 
be undertaken. 

Gentle continuous rotation of the hydrophilic wire is all that is 
often needed to allow passage through very tight strictures and in 
to the bladder. An acute sense of urinary urgency is often felt by 
the patient, which may be eased by distending the bladder with a 
saline-contrast mix to distance the guidewire tip from the trigone. 
The hydrophilic wire is exchanged for an 0.038-inch working wire 
via a catheter. 

Occasionally a stricture cannot be crossed by the softer stent 
material, which may buckle. The stent then needs to be carefully 
withdrawn to allow balloon dilatation if appropriate. 

The tip of the stiff wire is left within the pelvicalyceal system 
when the proximal stent pigtail is deployed, so as to facilitate the 
placement of a covering PCN tube. This can be used if there is early 
stent failure, which can occur if a percutaneous track has been cre- 
ated at the same sitting, due to fresh occlusive blood clots. Even if 
a covering PCN is not planned, keeping the guidewire within the 
track for a minute or two will allow monitoring for bleeding which 
could be tamponaded by a PCN. 

Covering PCN tubes can be capped off to allow renal function 
monitoring. The use of non-locking tubes is advised as locking 
sutures can become entangled with the proximal stent pigtail. After 
several days, non-locking PCN drains can be removed on the ward, 
or under fluoroscopic guidance once a nephroureterogram con- 
firms satisfactory drainage. 


Box 10.5.3 The basic outline of an antegrade ureteric stent 
insertion 


+ Patient consent 

+ Preparation including antibiotics and sedo-analgesia 
¢ Aseptic skin preparation and draping 

¢ Local anaesthesia 


+ Creation of a percutaneous track or exchange of a pre-existing 
nephrostomy over a guidewire for an angiographic catheter 


+ Nephro-ureterogram to demonstrate the anatomy 
+ Guidewire and catheter manipulation through the obstruction 


+ Exchange of hydrophilic wire for stiff wire and removal of 
catheter 


+ Stent insertion and deployment 


+ Placement of a covering non-locking loop drain 


Limitations and complications 


Advances in the development of polyurethane and silicone copoly- 
mers have led to the creation of soft stents, which are relatively 
resistant to occlusion, fracture and migration, and are well tol- 
erated. Nevertheless these factors remain problematic. Stent 
encrustation is a particular problem in a subset of patients whose 
risk factors include a long indwelling time, urinary sepsis, his- 
tory of stone disease, and metabolic abnormalities.24 Ureteric 
stents should not be placed in patients with an active urinary tract 
infection. 

Co-polymer stent patency rates have been demonstrated to fall 
from 95% at 3 months post insertion, to 54% at six months.?° 
Full-length metal stents provide increased patency rates for 
up to 12 months in patients with malignant ureteric strictures. 
Nevertheless, both co-polymer and metallic stents remain vulner- 
able to failure from extrinsic malignant compression of the ureter. 
Nephrostograms demonstrate that most flow occurs around, rather 
than through a ureteric stent. Vesicorenal reflux can be minimized 
by bladder catheterization. 

Irritative bladder symptoms due to stimulation of the trigone by 
the distal stent pigtails can be minimized by careful stent position- 
ing. Short thermoexpandable titanium-nickel stents, which do not 
contact the trigone, are an option in the patient with a short malig- 
nant stricture. 

In the United Kingdom, registering a stent insertion with the 
British Association of Urological Surgeons (BAUS) national stent 
register has become best practice. The clinician is alerted by e-mail 
when stent exchange is required; avoiding the forgotten severely 
encrusted stent, which often requires both an endourological and 
percutaneous approach to retrieval.”° 


Drainage of collections 


Introduction 


Percutaneous imaging-guided drainage offers a rapid way of deal- 
ing with troublesome fluid collections. It is well tolerated by the 
patient, and avoids the risks of further surgery. 


Indications 


A renal or perirenal abscess may present acutely as a source of sys- 
temic sepsis. Specific postoperative collections include urinomas 
in the cystectomy patient, and lymphoceles in the radical prosta- 
tectomy patient. Collections associated with bowel injury are often 
best managed operatively. 

If a fluid collection is believed to be infected, painful, or other- 
wise detrimental to the patients’ progress it is appropriate to request 
drainage. The collection must be judged to be safely accessible by 
the radiologist. 


Techniques 


Radiologists often favour either ultrasound or CT based on exper- 
tise and familiarity. There are however specific factors which would 
favour using one modality over the other. It is vital to avoid iatro- 
genic injury to important overlying or adjacent structures such as 
large blood vessels and bowel. 

If a safe percutaneous route is not available in an axial plane then 
ultrasound is favoured over CT as the modality of choice to guide 
drainage. The ultrasound probe can be angled steeply and used to 


Fig. 10.5.5 A urinoma consequent to a ureteroileal anastomotic defect is drained 
percutaneously with CT guidance. 


negotiate overlying structures. Ultrasound also allows safe continu- 
ous real-time imaging where the progress of the advancing needle 
tip can be followed. CT on the other hand involves ionizing radi- 
ation and even with CT fluoroscopy the radiologist has to advance 
the needle, pause and re-image (Fig. 10.5.5). 

CT more accurately depicts a gas and liquid filled collection 
from gas and liquid filled adjacent bowel. It is often difficult to 
make this distinction with ultrasound as highly echogenic gas 
bubbles prevent the ultrasound beam from progressing to deeper 
tissues. 

Discomfort, bleeding, and subsequent drain complications such 
as blockage and migration should be included in patient consent. 
Damage to adjacent organs is also a possibility. Pre-procedural 
antibiotics and a normal clotting profile are required. 

Antiseptic skin preparation, draping, and local anaesthesia are 
the next steps. Local anaesthetic infiltration can be imaged with 
ultrasound or CT to ensure that sensitive structures such as the 
peritoneum are anaesthetised adequately, and that the needle tra- 
jectory is appropriate. Long 20 G needles can be used to infiltrate 
local anaesthetic and act as pathfinders down to the collection to 
guide subsequent trocar-mounted drain placement. A tandem 
technique can be used which allows for single-step track dilatation. 
An 8Fr drain is inserted alongside the long needle.’ Final position- 
ing is confirmed with CT before advancing the drain over the inner 
trocar and aspirating. 

A modified Seldinger technique is more widely practised. 
A 15 G sheath mounted on a 19 G needle is inserted in to the collec- 
tion. Withdrawing the inner needle allows fluid aspiration prior to 
inserting a 0.038 J-tipped wire. Positioning can be confirmed with 
ultrasound or CT prior to serial fascial dilatation and subsequently 
drain placement over the wire. The initial aspirate can be sent for 
analysis. 

Special drain dressings can be supplemented with sutures for 
security. Tension on the drain should be avoided. Migration and 
eventually drain displacement leaves a partially drained collection, 
which is much more difficult to redrain. 
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Irrigation of an infected collection is not routinely advocated, as 
it has a tendency to drive bacteraemia. Once several doses of appro- 
priate antibiotics have been administered the drain can be flushed 
if required. 


Limitations and complications 


Endo-cavity ultrasound guided aspiration may be an option for the 
patient with a deep pelvic collection which is otherwise inaccessible. 
Haemorrhage, adjacent organ injury, sepsis, and infecting a pre- 
viously sterile fluid collection are recognized complications. Drains 
can be painful and may kink, block, and be pulled out. 
It is important when draining a urinoma that urinary diversion 
away from the leak is also considered. 


Suprapubic catheterization 


Introduction 


Suprapubic catheterization (SPC) is a commonly performed inter- 
vention in urological practice. Ifa patient has a palpable bladder, no 
history of lower abdominal surgery and urine is readily aspirated 
using a needle inserted along the planned catheter track, the land- 
mark technique can be used by a suitably experienced urologist. 
For patients who have had previous lower abdominal surgery or 
whose bladder is not palpable due to abdominal wall deformity or 
obesity, an ultrasound guided approach is recommended to avoid 
iatrogenic bowel injury.?8 


Indications 


Suprapubic catheter insertion is an important means of manag- 
ing acute or chronic urinary retention if urethral catheterization is 
not possible or desirable, or has become a source of complications. 
Patients with spinal pathology, urinary incontinence, and urethral 
trauma may also be managed by SPC insertion. 


Technique 


Ultrasound can be used to image the distended bladder and iden- 
tify any interposing structures such as bowel loops. It is important 
that ultrasound be undertaken by someone who is appropriately 
trained.?? 

The patients’ clotting profile should be within normal limits. 
Written consent, aseptic technique, and generous local anaes- 
thetic administration are mandatory. Ultrasound can be used to 
guide the delivery of local anaesthesia down to and through the 
detrusor muscle. A skin incision appropriate to the size of the 
catheter insertion kit is made. It is helpful to make a reasonably 
deep incision to part the anterior detrusor muscle fibres, so as 
to facilitate trocar insertion and dilatation. The bladder should 
be distended where at all possible to provide an adequate non- 
mobile target. A variety of kits are available. The most appro- 
priate equipment for an ultrasound guided procedure uses a 
modified Seldinger technique, where the initial puncture needle 
and guidewire can be visualized by ultrasound. This necessitates 
serial dilatation however, which may be uncomfortable for the 
patient. 

A Foley catheter is placed and the balloon filled to secure place- 
ment, which can again be confirmed with ultrasound. Ultrasound 
can also be used to guide the needle puncture of a suprapubic or 
urethral catheter balloon which is stuck and cannot be deflated 
(Fig. 10.5.6). 
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BLADDER 


Fig. 10.5.6 A percutaneously inserted long needle approaches the catheter balloon under ultrasound guidance. 


Limitations and complications 


SPC insertion is contraindicated in bladder cancer, uncorrected 
coagulopathy, abdominal wall sepsis, and the presence of a sub- 
cutaneous suprapubic vascular (femoro-femoral cross-over) graft. 

Ultrasound guided SPC insertion minimizes the risk of bowel 
injury, but a risk of haemorrhage, infection, loss of access, and 
longer term catheter problems remains. 


Renal biopsy 


Introduction 


Real-time imaging is essential for a safe needle biopsy of the kidney. 
Ultrasound or CT can be utilized. 


Indications 


Non-focal renal parenchymal biopsy is utilized to diagnose a dif- 
fuse nephropathy or to exclude renal transplant rejection. 

Targeted renal biopsy is being increasingly utilized for assessing 
the indeterminate small solid renal lesion, although its use remains 
somewhat controversial. Even relatively recently, many authori- 
ties argued that the imaging features of a small single renal mass 
are diagnostically more accurate than histological analysis of core 
biopsy specimens.*° With modern advancements in histological 
techniques however the targeted biopsy of small renal lesions is 
gaining popularity as a way of avoiding the unnecessary morbidity 
of either surgery or ablation for benign lesions.’ 


Technique 


Written informed consent and a normal patient clotting profile are 
again mandatory prerequisites. A posterior approach to the native 
kidney avoids transgressing the peritoneum. Ultrasound is pre- 
ferred as it offers continuous real-time imaging and the flexibility 
to alter the planned trajectory at any time. An angled approach with 
the needle allows ribs, pleura, and bowel to be avoided. 

Aseptic technique and draping are employed. A sterile ultra- 
sound probe cover is utilized. Infiltration of local anaesthesia can 
be guided by ultrasound to anaesthetise a track down to the renal 


cortex. A small skin incision to allow the insertion of a spring 
loaded core biopsy needle is then made. Suspended patient respir- 
ation stabilizes the target kidney. 

The goal of non-focal renal biopsy is to maximize the amount of 
cortex obtained while avoiding damage to the renal hilum. The few- 
est cores possible should be obtained to minimize bleeding compli- 
cations. Immediate assessment with microscopy is useful. 

Patients should have bed rest and regular assessment of blood 
pressure and heart rate for at least 8 hours post procedure. If there 
are any concerns for significant bleeding an unenhanced and post 
contrast arterial phase CT should be arranged in tandem with 
resuscitative measures. Renal angiography and embolization is the 
gold standard treatment for active bleeding. 

The needle track for iliac fossa transplant kidneys should pass 
lateral to the incision scar to avoid transgressing the peritoneum. 


Limitations and complications 


It can be reasonably expected that 95% of patients undergoing 
non-focal renal biopsy have an adequate diagnostic sample taken 
at one visit. Targeted renal biopsy has the greatest sensitivity (97%) 
and negative predictive value (89%) for larger lesions of between 
4-6 cm in size.??33 

Renal biopsy is a safe procedure but minor bleeding is very com- 
mon. Small perinephric haematomas are seen in approximately 
50% of patients and up to a third have frank haematuria post pro- 
cedure. Severe bleeding is uncommon however, with transfusion 
rates of approximately 1% and embolization required in far fewer. 
Iatrogenic arteriovenous fistulae tend to be self limiting if small. 

Tumour seeding of the renal biopsy needle track is very rare with 
only a handful of case reports in the literature. 


Vascular radiology 
Introduction 


Endovascular coil embolization is now a well established safer 
alternative to open surgery for dealing with iatrogenic or traumatic 
renal haemorrhage. 


Indications 


A skilled vascular interventional radiologist can arrest haemor- 
rhage, coil pseudoaneurysms, break up emboli, and stent arterial 
dissection in almost any organ in the body. 

Diagnosis of significant haemorrhage is usually made by com- 
paring unenhanced and arterial phase CT sequences. Traumatic 
lesions demonstrate abnormal intravenous contrast accumula- 
tion or extravasation and guide subsequent conventional angiog- 
raphy. It is when the patient demonstrates signs of haemodynamic 
instability (i.e. active bleeding, that the diagnostic CT is most sensi- 
tive). Patients who are haemodynamically unstable require aggres- 
sive resuscitation, the involvement of an intensivist and the early 
involvement of the radiology department. 


Techniques 


The basic technique for renal artery angiography is outlined in 
Box 10.5.4. 

Traumatic lesions demonstrate abnormal patterns of perfusion 
with interrupted vessels, pseudoaneurysm sacs, and extravasation 
of contrast media. The goal of embolization is to arrest haemor- 
rhage while preserving as much renal parenchyma as possible. 
Embolic materials include coils, particulate agents, and liquid 
embolic agents. Coils are often preferred because they are easier to 
use and are clearly visible with fluoroscopy. 

Pseudoaneurysm formation is a recognized complication of 
nephron-sparing surgery with an incidence reported at 0.43% 
for open and 1.7% for laparoscopic partial nephrectomy.*4 
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Box 10.5.4 Basic technique for renal artery angiography 


Catheter angiography 
1. Written informed consent 


2. Aseptic skin preparation and draping with ideally a femoral 
artery approach 


. Local anaesthetic 
. Arterial access and guidewire insertion 
. Catheter deployment in the aorta at the L1 level 


. Aortography and renal artery cannalization 


N DH wo b WwW 


. Microangiography and embolization if required 


Endovascular embolization is a safe and effective alternative to con- 
ventional surgery, which carries the risks of additional partial or 
total nephrectomy (Fig. 10.5.7). 


Limitations and complications 


Not all hospitals have immediate 24-hour access to interventional 
vascular radiologists, although much work and further investment 
in this area is anticipated. 

It is rare for embolization to result in further significant nephron 
loss. Iatrogenic vascular dissection is also uncommon and can usu- 
ally be ballooned and stented when recognized. 


Fig. 10.5.7 Embolization coils are placed in to the feeding artery for a post nephrectomy bleeding pseudoaneurysm. 


1125 


1126 


SECTION 10 RADIOLOGY 


Prostate biopsy 


Introduction 


Prostate tissue is required to confirm the diagnosis of prostate can- 
cer and to assign a Gleason score. 


Indications 


A raised prostate specific antigen (PSA) blood test or palpable pros- 
tatic abnormalities on digital rectal examination are the usual trig- 
gers to biopsy. Concern about PSA velocity, especially in a patient 
deemed to be at high risk is also a recognized indication. 


Technique 


Multiplanar transrectal probes with disposable biopsy guides and 
spring loaded core biopsy needle devices are utilized. Acoustic gel 
and probe covers are employed. Antibiotic prophylaxis is recom- 
mended and an example of a regime is 1 gram of oral Ciprofloxacin 
one hour prior to biopsy, then 160 mg gentamicin intravenously 
immediately prior to biopsy. 

Written consent must include an explanation of the approxi- 
mately 50% risk of haematuria, 10% risk of haematospermia, and 
less than 1% risk of precipitating urinary retention or prostatitis. 

Local anaesthetic has been shown to reduce pain and the proced- 
ure is usually well tolerated. Nevertheless vaso-vagal episodes are 
not uncommon. The peripheral zone forms the main basis for nee- 
dle sampling, although a pre-procedural MRI may have highlighted 
a specific area for attention. Conventional greyscale ultrasound used 
with colour and power Doppler may also demonstrate focal areas of 
concern. Nevertheless, the appearances are not sensitive enough to 
eliminate the need for additional standard systematic biopsy, usually 
10 or 12 cores in total, as prostate cancer is often multifocal. 

Contrast-enhanced ultrasound, elastography, and MRI- 
ultrasound fusion offer hope for better localization and targeting 
for biopsy. The role of focal treatments such as high intensity focal 
ultrasound is not fully established. 


Limitations and complications 


Repeat biopsy may become necessary in the patient with a raised 
PSA who lacks confirmatory histology. Anterior lesions are difficult 
to access, and transperineal template biopsy may be needed. 

Severe haemorrhage is rare post transrectal ultrasound guided 
prostate biopsy, and brisk transrectal bleeding can usually be 
arrested with a gloved finger. Prostatitis and abscess formation are 
uncommon when antibiotic prophylaxis is employed. 


Conclusions 


Interventional uroradiological procedures have revolutionized the 
management of a wide range of urological conditions, and continue 
to evolve in modern practice. The interventional uroradiologist must 
have complete mastery of the full range of imaging modalities and 
interventional techniques. Good team work between urological sur- 
geons and radiologists is essential for providing optimal patient care. 
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CHAPTER 10.6 


Radioisotopes in urology 


Sobhan Vinjamuri 


Introduction to radioactivity 


Atoms of all elements are composed of known arrangements of pro- 
tons, neutrons, and electrons which characterize them as individ- 
ual nuclides. Nuclides containing the same number of protons have 
the same atomic number and have the same chemical properties, 
and are known as isotopes. The most prevalent isotopes are usually 
stable and comprise naturally occurring elements. Radioisotopes 
are unstable members of the group of isotopes of an element. The 
nuclei of radioisotopes undergo rearrangement and change to a 
stable form, emitting radiation in the process. A radionuclide is a 
specific radioactive atom, designated by indicating the element and 
its atomic mass number such as Iodine-131 or Tc-99m. 

The radiation emitted by a radionuclide enables the detection of 
extremely small masses, below the limits of chemical detection. It 
is thus possible to use radionuclides as true tracers for substances 
without introducing disturbing amounts. The radiation emitted by 
radionuclides is characteristic and unique in terms of the rate of 
decay, type of radiation, and the energy of that radiation. 

Radionuclides used in nuclear medicine may emit alpha parti- 
cles, beta particles, or gamma radiation. Alpha particles are large 
particles that are emitted from the nucleus with high energy levels. 
It is a charged particle with a charge of +2 as it has lost two of its 
electrons and is essentially a helium ion. Beta particles are similar 
in terms of charge and other physical properties to electrons. While 
ordinary electrons are found in the electronic shells orbiting the 
nucleus, beta minus particles are emitted from nuclei. They have 
high kinetic energy. Gamma rays are analogous to energy pack- 
ets emitted from the nucleus as part of its emissions to enable the 
achievement ofa more stable physical state. Alpha and beta emitters 
are commonly used for radionuclide therapy.!* Gamma rays are 
more readily transmitted through tissue and therefore the internal 
administration of gamma emitting radionuclides allows external 
measurements and imaging of patients using a gamma camera. 

When the radionuclides are combined with a chemical or a 
pharmaceutical compound with particular physiological proper- 
ties, the resultant compound is a radiopharmaceutical and this 
compound is subject to strict pharmaceutical controls as is every 
other medicine suitable for human use. 

Clinical nuclear medicine usually involves the detection and 
quantification of ionizing radiation emitted from radioactive sub- 
stances. A Gamma camera produces an image corresponding to the 
distribution of radioactive substances in the body. Computer dis- 
play and enhancement of the images with numerical assessment is 
frequently employed. 

Tc99m is the most commonly used radionuclide in nuclear medi- 
cine imaging. It has a half-life of 6.02 hours and this allows patients 


to attend for outpatient procedures and travel to home after the 
procedure without any strict radiation precautions. It has a gamma 
ray energy of 140keV, which is optimally primed for use with the 
modern gamma camera. The image quality is therefore of a very 
high quality. It can be readily complexed with a range of com- 
pounds to assess different physiological functions in the body and 
does not have any pharmacological action by itself. It is not toxic 
and does not elicit an immune response when injected into humans 
(see Table 10.6.1). 


Radiation exposure and effective dose 


Radiation is a property of matter that is all around us and is 
much more common than people realize. Radiation is analogous 
to the passing of energy through matter. Most of the radiation 
does not change the environment it passes through and is called 
non-ionizing radiation. However, when radiation interacts with 
the matter as it passes through, this is then termed ‘ionizing 
radiation. 

When the energy associated with the radiation is deposited in 
a particular tissue it is termed as ‘absorbed dose. This property is 
useful when a therapeutic benefit is required, however, in most 
diagnostic settings, this is not helpful and the risk to the individual 
should be weighed against the benefit of a result that can have a 
substantial impact on patient management. 

Effective dose is an estimate of the total radiation burden to the 
patient from the exposure to the radioactive compound. This is a 
useful term that also allows comparison of relative radiation expos- 
ure across all modalities involving exposure to different forms of 
ionizing radiation including X-rays, computed tomography (CT) 
scans, nuclear medicine procedures and Positron emission tomog- 
raphy (PET) scans.? 

Absorbed organ doses in patients and effective doses are not 
measurable quantities but actually based on estimates. Most of 
what is known about the carcinogenic effects of radiation is derived 
from studies of atomic bomb survivors. There are additionally stud- 
ies involving medical uses of radiation which have provided some 
epidemiological data. 

Radiation exposure is commonly known to be associated with 
some dose-dependent toxicities such as hair loss, and acute radi- 
ation sickness. The development of cancer was believed to be a non- 
dose-dependent association of radiation. However, recent studies 
have strongly suggested a dose-dependent increase in cancer mor- 
tality. Additionally some cancers are passed on to a child when the 
exposure has happened during pregnancy (teratogenic); or passed 
on to other generations if the exposure has happened while the 
patient was not pregnant (genetic). 
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Table 10.6.1 Common radioisotopes and their common medical indications 


Radioisotope Common indication(s) 


Comment 


Cr51 EDTA Glomerular function 


Gold standard for estimation of renal function for research, oncology 


Tc99m MDP bone scans Staging of prostate cancer 


Highly sensitive, but not very specific. May require correlative imaging 


and/or biopsy for solitary lesions 


18F-FDG PET-CT scans Staging of cancers 


Estimate of metabolically active metastases 


Sr-89, Rh-168, Sm-153 Bone pain palliation 


Systemic therapy useful for multiple metastatic lesions, not responsive 


to first line therapy 


Ra-223 Bone pain palliation 


Likely to be a better target for multiple bone metastases than beta emitters 


Tc99m colloid Sentinel lymph node biopsy 


Status of sentinel lymph node usually indicates status of regional lymph 


node groups 


Introduction to isotope renography 


Since nuclear medicine uses functional techniques to assess dif- 
ferent physiological processes, the early understanding of kidney 
function relied heavily on nuclear medicine techniques. Due to 
advances in other imaging techniques including ultrasound and 
MRI, some earlier indications for isotope renography are now cov- 
ered by tests involving no exposure to ionizing radiation. However, 
there are some fundamental clinical questions that can be answered 
speedily and efficiently and conclusively by using isotopic tech- 
niques. Although the exposure to ionizing radiation is an import- 
ant factor to consider, a detailed risk-benefit analysis in individual 
patients usually highlights the clinical value of a test result in the 
context of a small additional radiation burden. 


Principles of imaging the renal tract using 
radionuclides 


Although the kidney has many functions, three broad areas that 
can be assessed using radionuclides include glomerular filtration, 
tubular secretion and cortical function/ activity. Agents that are 
physiologically inert and cleared from the body exclusively by 
glomerular filtration are useful to assess the glomerular filtration 
rate. These agents include Cr51-EDTA and Tc99m-DTPA. Tc99m- 
MAG3 is a tubular agent that has a higher extraction efficiency 
from the blood and is easy to prepare. Tc99m-DMSA is predom- 
inantly a cortical agent that provides an index of cortical function 
or activity.4 


Patient preparation 


The most important prerequisite for the renogram is an adequate 
state of hydration of the patient which has to be maintained during 
the test. It is important to avoid an oliguric state since the result 
can mimic an obstructive pattern owing to sluggish urine flow. 
The bladder is emptied immediately before the examination and 
the patient is positioned in a sitting or prone position with the 
gamma camera against the patient’s back. It is important to position 
the patient in a comfortable position as they need to maintain the 
same posture for 20-40 minutes. After intravenous injection of the 
appropriate dose of the radiopharmaceutical, images are acquired 
for 20 to 40 minutes. The patient is asked to empty his/her bladder 
at the end of the procedure to reduce the radiation dose to the pel- 
vic organs.° 


Interpretation: Studies are analysed by producing clear summed 
computer images and defining the regions of interest over each kidney 
and the urinary bladder. Curves are then obtained from the detected 
count rate against time for each region and the obtained curves are 
expressed as a percentage of injected dose. The normal renogram 
shows three classic phases. Immediately following the intraven- 
ous injection of the radiopharmaceutical, there is a rapid rise which 
reflects the vascular supply to the kidney. The second phase is a more 
gradual slope which corresponds to the renal handling of the tracer by 
the kidneys and is dependant on various factors such as supply rate, 
extraction efficiency, intraluminal transit, and excretion. In a normal 
kidney curve reaches a peak at two to five minutes and activity starts 
to leave the renal area which is the beginning of the third phase. At 
this point the tracer activity starts to appear in the bladder and this is 
now predominantly the excretory phase (see Fig. 10.6.1).67 


DTPA vs. MAG3 renography 


Tc99m labelled-diethylene triamine pentacetate (Tc99m-DTPA) is 
a physiologically inert compound that is predominantly excreted 
by the glomerular system (approximately 90% excreted by 4 hours). 
Upto 10% of the injected activity is bound by plasma proteins and 
is not available for excretion and therefore the net value may repre- 
sent a slight underestimation. It does not get secreted or filtered by 
the tubules and also does not localize to the parenchyma/ cortex. 

Tc99m labelled-mercapto acetyl triglycine (Tc99m-MAG3) is 
a predominantly tubular secretory agent (95% tubular secretion 
versus 5% glomerular clearance). Although we cannot measure 
glomerular filtration rate with this agent, another aspect of renal 
function ie effective renal plasma flow can be measured and this 
represents a surrogate marker of global renal function. 

Due to the relative ease of preparation of Tc99m-MAG3, better 
visualization of the renal parenchyma; unpredictable nature of pro- 
tein binding of Tc99m DTPA, better image quality, and the rela- 
tive reproducibility of tubular function at poorer renal function, 
for most routine indications, most diagnostic departments offer 
Tc99m MAG3 renography rather than Tc99m DTPA renography.® 


MAG3 or DMSA? 


Tc99m DMSA scanning provides information on cortical or par- 
enchymal activity predominantly. Tc99m DMSA renography has 
been widely considered a better test to estimate differential kidney 
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(A) (B) 10.8 
RENOGRAM 


% Uptake 


RT KIDNEY LT KIDNEY 


3 MIN % UPTAKE 10.4 10.7 

16 MIN % UPTAKE 29 2.4 

MAX % UPTAKE 10.5 10.8 

TIME TO PEAK (Mins) 3.5 3.2 

3 MIN RELATIVE 49.1 50.9 
% UPTAKE 


Time (mins) 


O Left Kidney Rel Uptake 50.9 L Right Kidney Rel Uptake 49.1 


Fig. 10.6.1 (A) Good uptake in both kidneys (approx. 10% of injected activity), and good differential function (50:50%). (B) Activity—time curves for both the kidneys 


with symmetrical uptake by both kidneys and good excretion bilaterally. 


function, mainly because it is a parenchmyal agent and routine 
views include anterior as well as the standard posterior views. This 
agent is particularly useful when both kidneys are not located at the 
same depth in the anteroposterior plane or if one kidney is rotated 
with respect to the other. Tc99m DMSA is also the preferred agent 
when one kidney is poorly functioning and there is a requirement 
to assess the differential function to a higher degree of accuracy. 

Tc99m DMSA is the obvious agent of choice in suspected pyelo- 
nephritis and the degree of cortical damage or scarring needs 
assessment. 

Tc99m MAG3 is the preferred agent of choice for any assessment 
of excretion or possible obstruction. The early phase of the Tc99m 
MAG3 renogram is the parenchymal phase and these first few set of 
images can be used to assess parenchymal integrity and differential 
function. In routine clinical practice, where there is an expectation 
that both kidneys are located at the same depth, and morphologically 
similar, Tc99m MAG3 does provide a good estimate of the differential 
renal function. Due to the higher radiation burden associated with 
Tc99m DMSA renography, and due to the fact that Tc99m MAG3 
renography provides additional information about renal function, 
Tc99m MAG3 renography can be adequately used to provide an 
index of differential function in most situations (see Table 10.6.2). 


Routine clinical indications for isotope 
renography 

+ Assessment of differential kidney function 

+ Assessment of possible pelviuteric obstruction 

+ Assessment of renal damage post pyelonephritis 

+ Renal transplant imaging 

+ Assessment of vesicoureteric reflux 


+ Assessment of renal artery stenosis 


Differential renal function 


While biochemical tests can provide a very good estimate of over- 
all renal function, it is useful to know individual kidney function 
in selected indications such as in potential living kidney donors. 
Anatomical tests such as Ultrasound and Computed Tomography 
rely on symmetry of size between the two kidneys and in the vast 
majority of cases, this should be adequate. However, it is now well 
accepted that even if the two kidneys have the same size, they 
may actually contribute differently to the overall renal function. 
It is important to quantify this asymmetry and isotopic tests pro- 
vide quick, easy and reproducible results (Fig. 10.6.2). All three of 
the commonly used isotopes (Tc99m DTPA, Tc99m MAG3 and 
Tc99m DMSA) can be used to provide an estimate of the differen- 
tial function. However, in routine clinical practice Tc99m MAG3 
is preferred and in patients with known asymmetry of depth of the 
kidneys, or rotated kidneys, Tc99m DMSA is recommended. 


Obstructive nephropathy 


Diuretic renograms provide a time-tested mechanism to assess the 
level and severity of any obstruction in the renal outflow tracts. 
Intravenous furosemide (0.5 mg/kg body weight) is administered 
during the excretory phase of the routine renogram (i.e. 15- 
20 minutes after injection of the radiotracer). Known renal patients 
with either unilateral or bilateral flank pain and/or patients with 
baggy renal pelves identified on ultrasound or CT scanning are best 
assessed with a diuretic renogram. 

Broad categories of no response (renogram curve shows no change— 
see Fig. 10.6.3); partial response (some improvement in excretory 
pattern post-diuretic administration) and good response (significant 
improvement in excretion post diuretic, see Fig. 6.4) are recognized. 
Diuretic renograms also offera good functional tool to assess the effect- 
iveness of pyeloplasty for an obstructed renal outflow tract.®10 


Table 10.6.2 Common clinical questions and suggested procedures 


CHAPTER 10.6 RADIOISOTOPES IN UROLOGY 


Clinical question(s) Procedure to request 


Comment 


Need accurate estimate of relative renal function DMSA renal scan 


In situations where accuracy is paramount (e.g. prior to planned 
nephrectomy) or where renographic estimate is likely to be technically 
difficult (eg. in certain infants). No information is provided on the 
status of the outflow tract 


Suspected renal scarring DMSA renal scan 


Estimate of relative renal function will be routinely provided 


Suspected PUJ (and/or ureteric) obstruction Diuresis MAG3 renogram 


Estimate of relative renal function will be routinely provided 


Suspected renal scarring and suspected upper 
tract obstruction 


Diuresis MAG3 renogram 


Scarring may be apparent on the early MAG3 images. If not proceed to 
a DMSA scan 


Suspected VUR (or UUR in duplicated systems) 


Basic MAG3 renogram followed by 
ndirect radionuclide Cystogram 


Estimate of relative renal function will be routinely provided 


Suspected VUR and suspected upper tract 


obstruction indirect cystogram 


Diuresis MAG3 renogram followed by 


f indirect cystogram negative for reflux, repeat the test without 
urosemide 


Need accurate estimate of absolute GFR in ml/min 


GFR measurement (51Cr-EDTA) 


Could also use 99MTCDTPA 


Need estimate of both relative and 
absolute GFR 


Basic DTPA renogram with GFR 


n principle, both can be measured by a single injection of 99MTc 
DTPA. However, in children (or adults with compromised renal 
unction) it is preferable to inject 99mMT¢MAG3 and 51Cr-EDTA 
simultaneously. Absolute GFR is measured by blood sampling 


Pyelonephritis 


Tc99m DMSA scintigraphy is a highly sensitive and specific 
tool to detect and confirm renal involvement associated with 
lower urinary tract infections, especially in the paediatric 
population. Renal sequelae such as renal scarring secondary 
to vesicoureteric reflux can also be assessed in the post-acute 
or chronic phases. Tc99m DMSA scintigraphy is recommended 
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for the evaluation of children with presumed acute pyeloneph- 
ritis and is also recommended for the evaluation of extent of 
scarred tissue in both children and adults with chronic pyelo- 
nephritis (see Fig. 10.6.5). 

Recently SPECT (single photon emission computed tomog- 
raphy)-CT scanning has been shown to increase the diagnos- 
tic confidence for detecting cortical defects associated with 
pyelonephritis. 
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Fig. 10.6.2 (A) Poor uptake by the left kidney, and asymmetrical renal function (R: L; 85:15%). (B) Activity—time curves for both the kidneys with good uptake and 


excretion by the right kidney and poor uptake and excretion by the left kidney. 
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Fig. 10.6.3 (A) Poorer uptake by the right kidney (approx. 4.7% of injected activity), and asymmetrical renal function (R:L 24:76%). (B) Activity-time curves for both the 
kidneys with good uptake and excretion by the left kidney and poorer uptake and incomplete excretion pre and post diuretic by the right kidney. 


Vesicoureteric reflux 


Although the commonest presentation of vesicoureteric reflux is 
with a urinary tract infection, especially of the lower poles, some- 
times it is useful to visualize the location and extent of the reflux. If 
visualization of vesicoureteric reflux is required, then there are two 
isotopic methods available. Direct cystography involves instilling 
some radioactive tracer directly into the urinary bladder and then 
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visualizing any activity in the ureters or lower poles of the kidneys. 
Due to practical considerations however, the more commonly used 
protocol involves the addition of a micturating cystoureterogram 
phase to a normal renogram. After completion of the excretory 
phase of the normal renogram, the patient is encouraged to void 
urine while images are acquired and the resulting back-pressure in 
the ureters could identify any instances of reflux.!! 
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Fig. 10.6.4 (A) Good uptake by both kidneys and symmetrical renal function (R:L; 49:51%). (B) Activity-time curves for both the kidneys with good uptake and 
excretion by the left kidney. Right kidney shows incomplete excretion till 16 minutes and a good response to the diuretic. 
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Fig. 10.6.5 This represents a DMSA renogram showing asymmetrical uptake in the kidneys (right smaller than left, probably scarred); with cortical defects at left lower 


pole and right upper and lower poles likely secondary to chronic pyelonephritis. 


Transplant renography 


The main indication for isotope renograms in post-transplant evalu- 
ation is the differentiation of rejection from acute tubular necrosis. 
Rejected kidneys have poor perfusion as well as poor tubular excre- 
tion. In acute tubular necrosis. There is normal perfusion/visualiza- 
tion of the transplanted kidney, but the excretory phase shows nil 
or minimum excretion, Urinary bladder is frequently not visual- 
ized in spite of the kidney being visualized. Unfortunately cyclo- 
sporin toxicity can also appear similarly on a functional aspect and 
this is a common differential diagnosis that needs exclusion when 
a transplant renogram is suggestive of acute tubular necrosis (Fig. 
10.6.6). 12-16 


Captopril renography 


Captopril renography has had proven value in the identification of 
renovascular hypertension in patients with high blood pressure. 
This test also has a value int he evaluation of asymmetrically sized 
kidneys and the confirmation or exclusion of functional impair- 
ment secondary to renal artery stenosis. The test has two phases. 
A baseline phase assesses the baseline differential function and 
excretory patterns, while a ‘captopril phase’ study is conducted 
another day after oral administration of captopril and repeating 
the renogram. A reduction in renal uptake (unilateral reduction 
by at least 10%) or prolonged retention of the radiotracer in the 


renal parenchyma after administration of captopril, and in com- 
parison with the baseline study is considered a positive indicator 
of functional renal artery stenosis causing renovascular hyperten- 
sion. The captopril phase can also be performed with other ACE 
(acetylcholinesterase) inhibitors such as enalapril or lisinopril and 
the longer acting medication does not need to be stopped for the 
‘captopril phase’ (Fig. 10.6.7).!7-7! 


Limitations of routine isotope renography 


Although the use of radioactive tracers is considered a limitation by 
some, the value of assessing function and the physiology of the renal 
tract has been well tried and tested and the benefit of undergoing the 
procedures frequently outweighs the small radiation associated risks. 

Due to the requirement to assess the dynamic phase of renal 
function, it is vital that the radiotracer or any related medication 
such as diuretics should not be extravasated into interstitial tissue 
at the site of intravenous injection. 

Insufficient hydration which can either be self-induced or due to 
other co-morbidity can result in delayed uptake and excretion by 
one or both kidneys, and may be misinterpreted as poor function. 

Significant Patient motion during the study may introduce errors 
in the activity-time curve analysis. 

When conducting diuretic renograms, the diuretic should not 
be administered too early, before the maximum distension of the 
collecting system, as the response may not reflect true physiology. 
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Fig. 10.6.6 (A) Good uptake by the transplant kidney. The bladder is also visualized. (B) Activity-time curves for the kidney and bladder with no obvious excretory 
pattern. However, the bladder activity shows progressive increase suggesting a well-functioning transplant kidney. 


Also if the function in one kidney is so poor that there is poor 
uptake in the kidney, it is frequently difficult to comment on any 
possible obstruction.2?-74 


Chromium-51 EDTA estimation 


Glomerular filtration rate is a commonly accepted standard meas- 


ure of renal function. 
It is routinely measured using tracers that are cleared exclusively 
by glomerular filtration, the most common being Cr-51 EDTA and 
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Tc-99m DTPA. Glomerular filtration rate is best assessed using 
Cr-51 EDTA. Clearance values are typically 85% of those using 
inulin which is the accepted gold standard. Because this technique 
was found to be difficult and time consuming to perform, it was 
therefore considered inappropriate for routine clinical use. Since 
Cr-51 EDTA is expected to be excreted solely by the glomerular 
filtration route, it has been shown that the rate of disappearance of 
this compound from the blood is proportional to renal clearance. 
Hence there is no need to obtain urinary samples. The commonly 
used protocols involve at least two timed venous blood samples at 
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Fig. 10.6.7 (A) The baseline phase of a captopril renogram. There is good uptake in both kidneys; good excretory pattern, and good differential function (R:L: 53:47%). 
(B) The captopril phase of a captopril renogram. The left kidney shows relatively reduced tracer uptake (R:L: 59:41%) and there is bilaterally delayed excretion. Findings 


indicate bilateral renovascular disorder worse on the left side. 


two to three hours after intravenous injection of the radiotracer. If 
more samples are obtained, there is higher mathematical accuracy. 

It is commonly used for monitoring of drugs that might cause 
nephrotoxicity; calculation of dose in chemotherapy; detection of 
renal failure with inconclusive serum creatinine values; and in the 
assessment of potential live donors for transplantation. 

However, the values should be interpreted with caution in 
patients with ascites, oedema or other expanded body space, and 
in patients receiving intravenous fluids, where the renal clearance 
value may be overestimated. 

Final values may be corrected for body surface area rather than 
for weight, as in the paediatric population, the body surface area 
corrected GFR increases with age from birth up to two years of age 
and remains constant thereafter into adulthood. 


Isotope bone scans 


Bone seeking radiopharmaceuticals such as Tc99m Methylene 
diphosphonate have been used to identify sites of possible bony 
metastatic involvement. In the initial diagnostic work-up of patients 
with carcinoma of prostate, some protocols routinely incorporate 
an estimation of possible bony involvement. While serum prostate 
specific antigen levels can usually provide a good index on pos- 
sible bone metastatic involvement, when these levels are elevated, 
it is useful to perform an isotope bone scan. Isotope bone scans 
are sensitive but not specific, therefore, a normal scan can exclude 
metastatic involvement with a high degree of accuracy, while an 
abnormal scan may not always represent metastases. Further con- 
firmation by means of plain films, MRI scanning, or even direct 
bone biopsy may be required for solitary metastases. Generally, iso- 
tope bone scans have very low value if the serum PSA levels are less 
than 10 ng/mL (see Figs 10.6.8 and 10.6.9). 


PET-CT scans 


Essentially, the procedure involves the injection of a known amount 
of positron emitting radiopharmaceuticals, and imaging of the 
whole body or specific organs using a PET scanner. The combin- 
ation of a PET scanner with CT or MRI technology has enabled the 
addition of anatomical context to the functional scans. 


Bone pain palliation 


Due to rapid advances in diagnostic and therapeutic options 
available for patients with common cancers including prostate 
cancer, there are an increasing number of patients presenting 
with cancer related bone pain. Bone pain is usually caused by 
bony infiltration by the tumour cells and expansion of perios- 
teal membranes, which have a high density of pain receptors. 
Some patients also have mechanical instability due to weakening 
of weight bearing bones such as the pelvis and femur. Although 
there are now very effective treatment approaches to pain man- 
agement including the use of stronger analgesics, radiation 
therapy and nerve blocks, frequently the scale of the metastatic 
involvement renders any local approaches ineffective and sys- 
temic approaches are preferred.”5 

The intravenous administration of bone seeking radiopharma- 
ceuticals provides one more approach to pain management. Due 
to the close relationship between bone marrow and the bone mat- 
rix, any tracer that localizes to the bone matrix has the potential to 
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Fig. 10.6.8 A normal bone scan with no abnormal foci of increased osteoblastic 
activity. 


deposit energy in the marrow as well, leading to haematological 
complications. 

The ideal radiopharmaceutical for treating bone metastases is a 
pure beta emitter that localizes to bone metastases in preference 
to the skeleton. A small amount of gamma emission may assist in 
imaging, and this property has obvious advantages. The energy of 
the beta emission should be high, and it should have a relatively 
short half-life, so that the energy would be deposited in bone over 
a short period of time. 

Commonly used agents include Strontium-89 which is a calcium 
analogue and bone precursor. The greater the osteoblastic activity, 
the greater the concentration of therapeutic agents in and around 
the tumour. Sr89 has a half-life of 50.5 days and an energy of 
1.43 MeV. Samarium153 EDTMP (ethylene diamine tetra methy- 
lene phosphonic acid) has a short half-life of 46.8 hours, while 
Rhenium 168 HEDP (hydroxy ethylidine diphosphonate) has a 
half-life of 3.8 days, and also has a 137 keV gamma emission which 
is suitable for imaging. 
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Fig. 10.6.9 A patient with several sites of abnormal osteoblastic activity in the 
axial and appendicular skeleton, highly suggestive of multiple skeletal metastases. 


Alpha emitters 


The current justification for targeted radionuclide therapy is based 
on the preferential targeting of abnormal cells by the internal local- 
ization of the radioactive tracer. Unfortunately, this is still not very 
efficient and some energy is also spent on irradiation of normal tis- 
sue. The use of alpha particle emitters has been suggested to fur- 
ther improve the target to non-target irradiation of tumour cells. 
Alpha particles travel smaller distances and are able to deposit 
higher energy in comparison with beta particles. The toxic potency 
is believed to be of the order of 100 times more than beta particles 
and thus these constitute some of the most cytotoxic compounds 
known. They are also easy to manufacture, ship, and administer. 
Radium-223 has been recently undergoing advanced evaluation for 
the treatment of skeletal metastases from prostate carcinoma. It has 
a half-life of 11.4 days and has an intrinsic affinity for bone metas- 
tases. Use of Ra-223 has been associated with reduced bone alkaline 
phosphatase levels, markers of bone turnover, and improved pros- 
tate specific antigen response. Other alpha emitters under medical 


evaluation include thorium 227, actinium 225, astatine 211, and 
bismuth 212. 


Sentinel lymph node imaging 


Within surgical oncological practice, the sentinel lymph node is 
recognized as the first node that drains the tumour. The fundamen- 
tal premise is that when cancers spread via the lymphatic route, they 
do so in a step-wise manner, with local lymph nodes being involved 
first in this process. By identifying the sentinel lymph node and 
removing it and analysing it further, it is possible to decide whether 
the regional and distant lymph nodes are involved. 

A combination of preoperative imaging and/or intraoperative 
localization of the sentinel lymph node using a gamma probe with 
or without blue dye is used to identify the sentinel lymph node, and 
then this node is sent for further histological scrutiny. 

If the sentinel lymph node is not involved in the malignant pro- 
cess, then it is highly unlikely that the patient has disseminated 
nodal metastases, and relatively conservative treatment approaches 
can be adopted. If the sentinel lymph node has malignant tissue, 
this is usually an indication for regional lymph node dissection. 

Sentinel Lymph node biopsy has been well established for breast 
carcinoma. Other tumours where sentinel lymph node biopsy has 
been considered and is under evaluation include penile cancer, 
urinary bladder cancer, prostate cancer, testicular cancer, and renal 
cell cancer. 


Principles of PET imaging 


PET scanning is a nuclear medicine imaging modality that 
detects high energy gamma rays produced by positrons when 
they collide with electrons. Patients are injected with positron 
emitting radionuclides, and the pharmaceutical components 
of these compounds are used to localize the combined tracer 
to a particular function within a defined site. For instance, in 
a cancer patient, the injection of the positron emitting radi- 
opharmaceutical !*F-fluorodeoxyglucose results in the pro- 
duction of a metabolic map of all tumour-related activity both 
within the primary tumour and additionally in any possible 
sites of metastatic involvement. The positron emitters usu- 
ally have a short half-life and include 11C (20 min), 13N 
(10 min), 150 (2 min), and 18F (110 min), among others. 

At the site of localization, as the positrons travel through mat- 
ter, after a very short distance, they interact with electrons, result- 
ing in an annihilation reaction that produces two pairs of 511-keV 
gamma rays emitted simultaneously in nearly 180 degrees opposing 
directions. The PET scanners are used to detect these 511 keV pho- 
tons. Inside the PET scanner, there are hundreds of detector blocks 
made of scintillating materials such as bismuth germanium oxide, 
lutetium oxyorthosilicate, or gadolinium oxyorthosilicate arranged 
in consecutive full or half rings surrounding the patient cylin- 
drically, enabling the detection of many slices of coincidence data 
emerging from the patient at one time. The detectors are paired 
with the opposing side at 180 degrees. Each pair of detectors in the 
ring defines a possible emission path. Any signal that approaches 
each of the paired detectors simultaneously or within 12-15 nano- 
seconds of each other is considered a true event, while those coinci- 
dence events that fall outside this range consist usually of undesired 
random and scatter data and are rejected by the coincidence timing 
circuitry. All the true events are then summed and analysed and 


a probability map of the true location of the event along this path 
between the two detectors is generated. 

Some modern, fast scintillators can accurately estimate the loca- 
tion of an annihilation event along this path by measuring the 
difference in the arrival times of the annihilation photons at the 
opposing detectors (time-of-flight PET systems). With time-of- 
flight (TOF) information, the annihilation point can be localized to 
a limited range within the line of response (LOR), whereas without 
time-of-flight information, annihilation is assumed to be located 
with equal probability along the entire LOR. In the latter case, 
many intersecting LORs are needed for the precise 3-dimensional 
localization of the activity, whereas in the former detector types, 
this information is identified both within the LOR and by the 
intersecting LORs. 

When the 511-keV photons strike the scintillation crystal, they 
are absorbed within the crystal lattice and produce light photons 
that strike the photocathode of a photomultiplier tube coupled 
to the crystal. A pulse is generated at the photomultiplier tube 
and then increased by an amplifier. The energy and spatial position 
of the signal are determined, and finally a count is recorded. When 
two such events are detected by a pair of opposing detectors simul- 
taneously within the time window, a coincidence event is recorded. 

Corrections are then required for the attenuation of photons in 
the body tissue or reduction in the final signal to facilitate their 
inclusion as true coincidence events. 

The most commonly used radiopharmaceutical using a PET 
tracer is !8F-fluorodeoxyglucose (FDG). It has been widely recog- 
nized as a metabolic marker and is a useful staging tool for many 
cancers such as lung cancer, colorectal cancer, lymphomas, etc. It 
has also been widely used in neurological practice to identify meta- 
bolic patterns associated with dementias; and in cardiological prac- 
tice for the assessment of cardiac patients and their suitability for 
surgery.?6?7 


Basics of PET-CT and PET-MRI imaging 


Due to the need for anatomical localization of sites of abnormal tracer 
activity on PET scans, there was recognition of the need to develop 
fusion imaging whereby anatomical context can also be provided. 
Initial efforts were focused on registering PET and CT data obtained 
separately and using advanced computer software to merge or fuse 
the two scans. However, this approach was superseded by combining 
the PET and CT technologies into one scanner. The patient there- 
fore undergoes one examination at one sitting, and there is minimal 
patient motion and other technical problems. More recently com- 
bined PET-MRI imaging has been introduced into clinical practice 
with the added advantage of reducing radiation exposure. 

PET-CT scanners now form the main bulk of functional scan- 
ners, with manufacturers slowly phasing out PET only scanners 
and promoting advances in PET-CT and PET-MRI scanning. 

One limitation of current PET/CT technology is that data are 
acquired sequentially rather than simultaneously. This then limits 
the ability to study functional processes that change between the 
two scans. Another factor for consideration is the radiation dose 
to patients. Artefacts caused by patient motion or organ motion 
between the two sets of images coupled with different breathing 
protocols for PET and CT can result in problems for data inter- 
pretation. Mis-registration between the two sets of images is a 
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recognized disadvantage which is factored in while reporting 
PET-CT scans. 

Data acquisition with new hybrid PET/MRI scanners provides 
the option of real-time simultaneous studies. MRI offers better soft 
tissue contrast and the challenge of developing viable PET-MRI 
systems focused on addressing apparent technical incompatibilities 
such as the fact that PET detectors are based on scintillation crys- 
tal blocks which are highly sensitive to even small magnetic fields; 
and space constraints of fitting in two technologies in one ergo- 
nomic system suitable for patient use and convenience. Therefore 
the type of sequential imaging performed with PET-CT is not a 
viable option for PET-MRI and the way forward was to combine 
both systems into one gantry system. 

The use of optical fibres coupled to the PET detector’s scintilla- 
tion crystals enables the x-ray and gamma ray detection elements 
to remain in the magnetic field while the scintillations are conveyed 
out of the magnetic field by the light fibres. Another method relies 
on the replacement of photomultiplier tubes with solid-state scin- 
tillation detectors which are insensitive to magnetic fields, and can 
be directly connected to the scintillation crystal block within the 
magnetic field. Light loss is minimized and the conversion of light 
to electronic signals occurs inside the MR subsystem, making the 
use of fragile and bulky optical fibres unnecessary. These detectors 
are also smaller than photomultiplier tubes and contribute to a 
smaller overall size. The disadvantage is that they have a lower gain 
and are more sensitive to temperature variations.”° 


PET-CT imaging in urological cancer 


Functional imaging with radioisotopes including PET tracers has a 
key and established role in the management of cancers such as lung 
carcinoma, lymphomas, and colorectal cancers. Within the field 
of urological cancer, there is increasing recognition of the role of 
newer imaging technologies such as PET-CT scanning for the early 
detection, more accurate staging, surveillance, and assessment of 
treatment response.??70 


Prostate malignancy 


Early detection and identification or confirmation of prostate 
malignancy is frequently based on non-invasive screening tests 
with high sensitivity and confirmatory tests such as image-guided 
biopsy with high specificity. The role for functional imaging within 
this context is not well established and is not perhaps required. 

Functional imaging has an increasing role in identifying the 
nodal status of prostate carcinoma. Unfortunately, the routine 
work-horse of PET-CT scanners (i.e. !8F-fluorodeoxyglucose 
(18F-FDG)) has been shown to have poor accuracy. This is pri- 
marily because of the low metabolic rate of prostate tumours; and 
also because there is high background activity in the region from 
urinary bladder and the ureters. The use of C11 labelled choline 
or acetate has been shown to be useful because these tracers map 
different aspects of metabolism such as increased lipid metabolism 
or cell membrane integrity and the reported sensitivity and specifi- 
city is of the order of 80-95%. 

Radioimmunoscintigraphy with prosta-scint has a reported 
sensitivity of 60-70% in the accurate identification of nodal 
disease. 
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While routine bone scanning with Tc99m MDP has a recognized 
role in the identification of skeletal metastases, there is an increasing 
recognition for the role of newer hybrid imaging techniques such 
as SPECT-CT (single photon emission computed tomography- 
computed tomography) or PET-CT using !8F-fluoride. There is 
recognition that these techniques have a high sensitivity and high 
negative predictive value but low specificity and positive predictive 
value for solitary metastases. 

Bone scanning also has a role in the confirmation or exclusion of 
bony recurrence in the context of a rising serum PSA value. 


Renal cell cancer 


Most renal cell cancers are incidentally detected when patients 
undergo cross-sectional imaging for other indications. Since these 
patients are usually asymptomatic, the bladder tumours detected in 
this manner are usually smaller, not metastatic, and more amenable 
to curative treatment. 

Nuclear medicine procedures and PET tracers are not specific 
enough for routine use in the detection and diagnosis of renal cell 
cancers. However, when the abnormalities are marked, such as very 
high levels of glucose metabolism, then there is a higher likelihood 
of malignancy. PET scanning with !8F-FDG has been shown to be 
effective in the detection of distant metastases thereby influencing 
therapeutic decisions for staging, assessment of recurrent disease, 
or new metastases after initial therapy. 


Urinary bladder carcinoma 


Most nuclear medicine and PET procedures involve the injection 
of radiotracers that are excreted by the urinary tract and bladder. 
Hence, there is an inherently low sensitivity for picking up blad- 
der cancers. However, recent approaches to image the patients after 
bladder catheterization and forced diuresis have been shown to 
increase the sensitivity. Imaging with C-11 methionine has been 
shown to further increase the sensitivity.>! 


Testicular tumours 


18F-FDG PET has been shown to have low sensitivity and specifi- 
city in the assessment of testicular cancers. In addition to increased 
uptake in testicular tumours, inflammatory and granulomatous 
tissues also show extensive !8F-FDG uptake, lesions of <1 cm are 
often not detected, and mature teratomas are frequently indistin- 
guishable from normal and necrotic tissue. 

18F-FDG may be used as a standard tool in evaluating residual 
seminomatous tissue post-chemotherapy.*” 


PET-CT in radiotherapy 
treatment planning 


The concurrent advances in the fields of PET-CT and in radiother- 
apy have resulted in a renewed assessment of the role of functional 
imaging in radiotherapy planning for large cancers. 

Radiotherapy treatment plans incorporate a range of information 
from diagnostic and staging tests. The target volume for the radio- 
therapy needs to be specified as also the shapes and orientations of 
the treatment beams. The use of PET-CT scans using !8F-FDG has 
been routinely incorporated into radiotherapy treatment plans for 


patients with non-small cell lung cancer and oesophageal as well as 
head and neck cancers. 

Additional functional information can be provided to indi- 
cate viable tumour tissue using the glycolytic pathway with 
18F-FDG or amino acid metabolism with C-11 methionine. 
18F-fluorothymidine provides information on cell proliferation 
based on its incorporation into DNA. !8F-misonidazole can pro- 
vide a map of hypoxia. 

PET scan based tumour volumes have the risk of increasing the 
radiation field to include some non-neoplastic tissue when the scan 
shows possible positive tissue extending beyond an anatomically 
identified lesion on CT or MRI only. Conversely, a non-functional 
tumour on PET runs the risk of excluding neoplastic tissue from 
the radiotherapy field. There is therefore a requirement to give due 
and appropriate weight to all the imaging information available for 
radiotherapy treatment planning. 

There are some additional considerations while using PET-CT 
images for radiotherapy planning purposes. Images for use in 
radiotherapy planning have to be acquired in the standard treat- 
ment position, using a flat couch rather than a concave bed, and 
appropriate immobilization devices. Skin markers in standard posi- 
tions are used to identify key anatomical landmarks for appropriate 
registration of diagnostic and treatment planning scans. Software 
used to register the different data sets needs to be of an appropriate 
standard so that there is high confidence when deciding on target 
tumour volume for radiotherapy. Additional efforts to reduce the 
effects of internal motion due to breathing, peristalsis, bladder fill- 
ing etc are also required. 

The additional value of PET-CT scanning to normal radiother- 
apy planning is being evaluated and the ultimate aim of ensuring 
an improvement in patient outcomes by optimizing target tumour 
volumes is yet to be proved conclusively.*? 


18F-fluoride 


18F-labelled sodium fluoride imaging has had a resurgence for 
imaging bones and bone metastases in patients with breast and 
prostate cancers. The added value of superior quality of images 
and the full body anatomical survey at the same time have 
resulted in the increased usage of !*F-fluoride PET-CT scans 
rather than the traditional isotope bone scans. While there is 
an element of improved diagnostic certainty in most patients, 
solitary metastatic foci can still remain a challenge and further 
confirmatory imaging and/or biopsy may still be required in 
selected cases. Figure 10.6.10 shows an abnormal !*F-fluoride 
scan showing metastatic lesions. Figure 10.6.11 shows an abnor- 
mal !®F-fluoride scan with multiple levels of spinal involvement 
consistent with arthropathy. 


18F-fluorocholine 


Choline is a vital component of lipid metabolism in cell membranes, 
and the identification of changes in choline metabolism is known 
to correlate with proliferative changes seen in cancer cells. Choline 
uptake by cancer cells is also known to be associated with altera- 
tions in choline transport and the activity of choline kinase. 
PET Imaging with C-11 choline or C-11 acetate and !8F-labelled 
choline analogues have been shown to be vastly superior to 
18F-FDG imaging for the detection of primary lesions, regional 
nodal status, and distant bone metastases. 
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Fig. 10.6.10 An abnormal 'F-fluoride PET-CT study with several areas of 
increased tracer uptake compatible with multiple bone metastases. 


There is sufficient evidence with !8F-choline analogues to recom- 
mend their use in 


(a) targeting biopsy site in high-risk men with persistently elevated 
PSA and repeatedly negative biopsies; 


(b) initial staging among intermediate to high-risk populations; 
(c) restaging of recurrent disease and castrate-resistant disease; 


(d) selection of men for salvage radiotherapy with suspected local 
recurrence, but adverse features; 


Fig. 10.6.11 An abnormal tracer activity of '8F-fluoride in several spinal levels 
compatible with multiple joint arthropathy. 


(e) definition of dominant intraprostatic foci or limited lymph 
node recurrence for focal therapy planning such as radiother- 
apy planning; 


(f) treatment monitoring of hormone therapy or radiation 
therapy. 


Figure 10.6.12 shows an abnormal !8F-fluoroethyl choline scan 
showing inhomogenous tracer uptake in the prostate gland. Gold 
seed implanted for marking purposes also noted. 


Fig. 10.6.12 An abnormal '®F-fluoroethylcholine uptake in the prostate at 90 minutes post injection. Images are useful for radiotherapy treatment planning. Incidental 


gold seed noted for marking purposes. 
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Fig. 10.6.13 An abnormal '®F-fluoroethylcholine image in the prostate at 60 minutes post injection. The clinical findings were equivocal and this image was used to 


guide confirmatory biopsy. 


Figure 10.6.13 shows abnormal focal uptake of !8F-fluoroethyl 
choline in the prostate gland.*4 


PET scanning in non-cancer 
urological practice 


Since PET scanning of the brain can map functional changes in 
response to motor activity and other neuronal activity, there have 
been some early studies on central control of bladder function, 
detrusor overactivity, and the pelvic floor. 


Conclusion 


Nuclear medicine techniques provide a range of diagnostic and 
therapeutic options in urological practice. 
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CHAPTER 10.7 


Plain radiography, 
excretion radiography, 
and contrast radiography 


Robert P Hartman, Akira Kawashima, 


and Andrew J. LeRoy 


Essentials 


Plain radiography is both a primary abdominal examination tech- 
nique and an initial component of subsequent excretion and contrast 
radiographic studies. Excretion radiography is performed by means 
of antegrade opacification of the renal collecting systems, ureters, 
and bladder following intravenous contrast administration. Contrast 
radiography is obtained following direct injection of contrast media 
into the urinary tracts in an antegrade or retrograde fashion. 

Although ultrasound, computed tomography, and magnetic 
resonance imaging are increasingly used to compensate for the 
limitations of excretion radiography, conventional urographic 
examinations remain important in the diagnosis of some urinary 
tract conditions. 


Introduction to radiology 


Radiology is an essential component in the evaluation of the urin- 
ary tract. For decades, excretion radiography following intravenous 
(IV) administration of iodinated contrast media (also referred to as 
intravenous urography (IVU), intravenous pyelography (IVP), and 
excretory urography (EXU)), has been the primary imaging modal- 
ity of the urinary tracts. In recent years, other imaging modalities 
such as ultrasonography (US), computed tomography (CT), and 
magnetic resonance imaging (MRI) have superseded excretion 
radiography. However, these cross-sectional imaging examinations 
also have their limitations. Plain radiography, contrast radiography, 
and EXU still remain important in the diagnosis of some urinary 
tract diseases (Table 10.7.1). 

Plain radiography is both a primary abdominal examination 
technique and an essential initial component of subsequent excre- 
tion and contrast radiographic studies. Contrast radiography is 
obtained following direct injection of contrast material into the 
urinary tracts in an antegrade or retrograde fashion. The uro- 
graphic imaging sequence with IV contrast material or direct con- 
trast injection is designed to optimize depiction of specific portions 
of the urinary tract during maximal contrast opacification, and a 
tailored urographic study may provide diagnostic detail beyond the 
current capabilities of other imaging modalities.1~> 


This chapter will outline basic uroradiologic imaging with each 
subsection providing information on technique, indications, com- 
plications, and normal anatomical findings. 


Plain radiography 


Plain radiography of the abdomen and pelvis is most often referred 
to as a KUB (Kidneys, Ureters, and Bladder) film or an abdominal 
‘flat plate’ (Fig. 10.7.1), and can provide important information 
about radio-opaque urinary calculi (Figs 10.7.2 and 10.7.3), calci- 
fications, renal masses (Fig. 10.7.2), and renal size and contour.4> 
A combination of projection radiographs and non-contrast cor- 
onal tomography is valuable in outlining the kidneys and visualiz- 
ing calculi. An anteroposterior (AP) projection radiograph of the 
abdomen in supine position may also be referred to as a scout (pre- 
liminary) image prior to IV or direct contrast injection for conven- 
tional urography. This scout radiograph helps establish appropriate 
radiographic exposure technique factors, evaluate the patient's posi- 
tioning, and confirms that residual oral contrast material from previ- 
ous studies has been eliminated from the gut. The indications for the 
examinations and patient risk factors should be reviewed carefully. 
A menstrual history should be obtained in women of childbearing 
age. Radiation exposure should always be limited appropriately. The 
presence of a foetal skeleton on the scout image justifies postponing 
the planned contrast study. A scout image is imperative prior to con- 
trast studies because stones and calcifications can be obscured by 
contrast material in the urinary tract on subsequent images. 


Anatomical landmarks 


Several abdominal and pelvic organs can be identified on plain 
radiographic images. Organs such as the liver, spleen, kidneys, and 
bladder can be outlined on the image based on the contrasting den- 
sities of the organs themselves compared to surrounding retroperi- 
toneal or mesenteric fat. The outline of the kidneys is helpful for 
assessing renal size, focal cortical scarring or mass, and for delin- 
eating intrarenal calcifications. The psoas muscle margins usually 
can be seen on the plain radiograph (see Fig. 10.7.1), but may be 
obscured by retroperitoneal fluid or mass. 


This chapter previously published as Chapter 11 in the Oxford Textbook of Clinical Nephrology 4e. 
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Table 10.7.1 Glossary of terminology in uroradiography 


Terms (abbreviation) 


Definitions 


Plain abdominal radiography, KUB, plain film, conventional 
radiograph, flat plate, scout 


Film-screen or digital projection radiograph without use of iodinated contrast medium 


Excretion radiography, excretory urography (EXU), intravenous 
urography (IVU), intravenous pyelography (IVP) 


Imaging of the kidneys and urinary tracts before and after the IV administration of iodinated 
contrast medium 


Contrast radiography 


Retrograde pyelography Imaging of the upper urinary tracts before and after the direct retrograde injection of 
contrast medium 

Antegrade pyelography Imaging of the upper urinary tracts before and after the direct antegrade injection of contrast 
media with percutaneous needle puncture of a calyx 

Cystography 

Static cystography maging of the bladder before, during, and after the direct contrast administration either in a 


retrograde fashion through a transurethral Foley catheter or in an antegrade manner through 
a suprapubic tube 


Voiding cystourethrography (VCUG) 


maging of the bladder and urethra during micturition after the direct administration of 
contrast medium into the bladder. The procedure is monitored under fluoroscopy and 
recorded with spot films or video recording 


Retrograde urethrography (RUG) 


maging of the urethra before, during, and after contrast injection in a retrograde manner 
through a catheter in the anterior urethra (e.g. fossa navicularis). 


Loopography ileal conduit study 


Opacification of the ileal loop before, during, and after the direct injection of contrast 
medium with reflux into the upper urinary tracts. The procedure is monitored under 
fluoroscopy and recorded with spot and overhead films 


Pouchgraphy 


Imaging of the pouch before, during, and after contrast injection via the stoma or urethra. 


Fig. 10.7.1 Plain radiography and excretion radiography. (A) Plain radiograph of the abdomen and pelvis reveals normal contour of the kidneys and the medial margin 
of the psoas muscles (arrows). L = liver; LK = left kidney; RK = right kidney; UB = urinary bladder; UT = uterus. (B) Magnified view of the left kidney with abdominal 
compression 8 minutes after IV contrast material administration. Calyx (white arrows), infundibulum (1), renal pelvis (RP), proximal ureter (U). The calyx which project 
posteriorly is seen en face (white arrowhead). Normal fold of the ureter at the ureteropelvic junction (black arrow). (C) Abdominal radiograph after release of ureteral 
compression reveals normal ureters and urinary bladder (UB). The left ureter at the ureteropelvic junction (arrow) is better distended and straight. UT = uterus. 
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Fig. 10.7.2 Patient with renal stones and renal cell carcinoma. Plain radiograph 
demonstrates bilateral renal calculi (short arrows) with the largest over the left 
renal hilum (arrowhead). A round mass is projected over the lower pole of the left 
kidney (long arrow). 


Plain films can demonstrate abnormalities of the bowel gas pat- 
tern (e.g. ileus, bowel obstruction, and faecal impaction) and also 
allow for evaluation of skeletal anomalies, such as sacral agenesis 
and spinal dysraphism. 


Excretion radiography is frequently used as a non-invasive screen- 
ing procedure for the entire urinary tract because it provides both 
anatomic and functional information.® 


A thorough pre-examination ‘bowel prep’ with a mild laxative (e.g. 
10 ounces (28 g) of magnesium citrate solution) the night before the 
procedure is advisable to rid the colon of stool, which may interfere 
with clear visualization of the urinary tract. Withholding of fluid 
and solid food overnight improves renal concentration and excre- 
tion of the contrast medium. An empty stomach also decreases the 
possibility of aspiration of solid food by a patient vomiting after IV 
contrast administration. 

Filming procedure 
A plain abdominal radiograph prior to the administration of IV 
contrast media is essential. After contrast medium is injected, lower 
abdominal compression is applied anteriorly. Approximately two 
to three minutes after the contrast material has been administered, 
nephrotomograms (usually three) are obtained to visualize the 
renal parenchyma (nephrographic phase).! Radiographs obtained 
8-10 minutes after the contrast injection demonstrate the calyces, 
pelves, and proximal ureters (pyelographic phase) (Fig. 10.7.1). 
The ureters are generally well visualized on the 10-minute radio- 
graph after release of external compression. Films of the bladder 
(often including a post-void film) conclude the examination. 


This modification of excretion radiography is reserved for those 
patients suspected of having volume-dependent hydronephrosis 
in whom the initial (dehydrated) excretion radiography revealed 
no obstruction. With a brisk diuresis after furosemide injection 
(Lasix”, 20 mg IV), a borderline ureteropelvic junction or ureteral 
narrowing may become inadequate to allow free flow of the 
increased urine volume and may reveal in hydronephrosis, and 
even reproduce or worsen the pain associated with obstruction. 


Fig. 10.7.3 Patient with renal stones and transitional cell carcinoma. (A) Magnified view of plain radiograph demonstrates two adjacent stones projected over the lower 
pole of the left kidney. (B) Excretory radiograph shows the left renal stones in the lower intrarenal collecting system. Note the irregular narrowing of the left renal pelvis 
(arrow) with associated caliectasis. Kidneys are congenitally malrotated bilaterally. (C) Magnified view of antegrade pyelogram following a percutaneous needle puncture 
of a lower pole calyx shows a large filling defect in the mid to upper left renal pelvis with urothelial irregularity (arrows), characteristics of urothelial tumour. The two 
stones (arrowheads) lie in the lower left collecting system. 
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Contrast media 


IV iodinated contrast material is excreted by glomerular filtration 
with little or no tubular secretion, with subsequent concentration in 
the tubules and collecting ducts and then progressive opacification of 
the urinary tract. Urine concentrations are determined by the dose 
administered, the glomerular filtration rate, and the renal tubular 
function. As the urine is concentrated in the renal collecting ducts, the 
relative concentration of the contrast media is enhanced 50-100-fold. 


Contrast dosage 


Contrast medium can be administered either as a bolus injection 
or as a drip infusion. The bolus injection allows for a rapid and 
dense nephrogram when images are obtained two to three minutes 
after the injection. In the average-size adult, 60-100 mL of contrast 
medium is usually administered. 


Adverse effects 


The majority of adverse effects of iodinated contrast media are mild 
or moderate and only observation, reassurance, and support are 
required. However, the more severe adverse effects are often pre- 
ceded by mild or moderate symptoms or prodrome. Reactions to 
contrast agents usually occur within 20 minutes following IV injec- 
tion. The most threatening contrast reactions are those unantici- 
pated events that result in sudden compromise of critical body 
functions, particularly systemic anaphylactic reactions or profound 
cardiovascular collapse. The widely used newer non-ionic, low- 
osmolar contrast media (LOCM) offer a slightly more comfort- 
able, safer examination to patients who are sensitive to the older 
high-osmolar contrast media (HOCM) and produce fewer adverse 
effects. The risk of rare life-threatening reactions is not, however, 
eliminated by the use of these LOCM.”* Appropriate training and 
vigilance by healthcare workers are therefore necessary in clinical 
areas where contrast media are administered. 

Anaphylactoid (idiosyncratic) reactions are generally classified as (i) 
mild, (ii) moderate, and (iii) severe.? Minor side effects do not usually 
require therapy. Nausea and vomiting are the most common adverse 
reactions. Other minor reactions include rash, itching, hives (asymp- 
tomatic), swelling, headache, dizziness, shaking, nasal congestion, 
pallor, flushing, chills, sweats, and anxiety. These symptoms are usu- 
ally self-limiting, but observation is required to confirm resolution 
and lack of progression. Only supportive treatment is necessary. 
Patient reassurance is usually helpful. Moderate reactions include 
tachycardia, bradycardia, hypertension, mild hypotension, vasovagal 
reactions, dyspnoea, bronchospasm, wheezing, and pronounced 
cutaneous reaction such as extensive hives (symptomatic) or diffuse 
erythema. The observed clinical signs and symptoms of moderate 
reactions should be considered as indications for immediate treat- 
ment (Table 10.7.2). These situations require close, careful observa- 
tion of possible progression into a life-threatening event. Patients 
with moderate symptoms such as systemic urticaria or facial oedema 
are treated with antihistamines and subcutaneous adrenaline. Severe 
types of reactions include laryngeal oedema, and/or, severe hypoten- 
sion, require small doses of 1:10,000 dilution of adrenaline IV. The 
most severe reactions include convulsions, arrhythmias, unrespon- 
siveness, and cardiopulmonary arrest. 

Prophylactic corticosteroids are strongly recommended for 
‘at-risk’ patients who require contrast media.!°!! They should 
also receive LOCM. However, no regimen has eliminated 


repeat reactions completely. Pre-testing is not predictive, and 
may itself be dangerous, so is not recommended.!? Alternative 
means of imaging to obtain the required information 
should be considered before embarking on this potentially 
dangerous path. 


Contrast-induced acute kidney injury 

IV contrast media may aggravate pre-existing renal dysfunction in 
a small percentage of patients. The mechanism is not known. There 
is no standard definition for reporting contrast media-induced 
nephrotoxicity. The definition of ‘significant’ changes varies con- 
siderably among studies. Acute contrast-induced nephrotoxicity 
has been defined as an increase in the baseline creatinine values 
of 20-50% or an absolute increase from 0.5 mg/dL to 1.0 mg/dL.!3 
Most cases of contrast media-induced nephrotoxicity are unrecog- 
nized because the serum creatinine concentration is not system- 
atically checked after procedures. This nephrotoxicity is usually 
self-limiting. Serum creatinine usually peaks within 3-5 days, and 
usually returns to baseline within 10-14 days.!3 Nephrotoxicity is 
extremely rare when kidney function is normal. 

Patients with chronic kidney disease appear to be the most at 
risk of developing contrast-induced nephropathy. They are more 
susceptible when dehydrated and when exposed to relatively large 
volumes of contrast agents. Therefore, in high-risk patients, hydra- 
tion is advised. Because treatment options are limited once oliguric 
renal failure has developed, most clinical effort has been aimed at 
prevention of contrast-induced acute kidney injury. Alternatively, 
CT urography with oral or IV hydration and with reduced contrast 
dose could be performed. In addition to active hydration, several 
studies have suggested various pharmacologic agent administrative 
regimens may be of benefit in preventing contrast-induced acute 
kidney injury, including N-acetylcysteine.!4 

In patients with underlying chronic renal failure who undergo 
regular dialysis, contrast media is readily cleared by dialysis because 
contrast media molecules are not protein bound. Unless there is 
significant underlying cardiac dysfunction, or very large volumes of 
contrast media have been administered, there is no need for urgent 
dialysis. 

In diabetic patients with normal renal function taking the oral 
agent metformin (Glucophage’), discontinuing metformin is 
advised for at least 48 hours after administration of IV contrast 
material to minimize the risk of developing metformin-associated 
lactic acidosis. 

Inadvertent subcutaneous extravasation of IV administered con- 
trast medium is not uncommon. Such extravasation may result in 
local pain, erythema, and swelling. These symptoms usually resolve 
with local therapy including both warm and cold compression and 
elevation of the affected extremity.” An immediate surgical consult- 
ation is indicated when patients develop increased swelling or pain 
after two to four hours, altered tissue perfusion, changes in sensa- 
tion in the affected extremity, or skin ulceration. 


The normal excretion urogram 


The renal parenchyma is best assessed during the nephrographic 
phase of urography. The normal kidney may range from 9 to 13 cmin 
cephalocaudal dimension depending on sex and age. The left kidney 
is frequently larger that the right kidney by approximately 0.5 cm. 
The kidneys have sharp margins and a smooth contour. Congenital 
fetal lobulation, a common normal variant, can be differentiated 
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Table 10.7.2 Reactions to iodinated contrast material and treatment 


Type of reactions Treatment 


Hives Contrast injection discontinued if not completed. 


Minimal (less than four): observation 


f diffuse or symptomatic, diphenhydramine PO/IV 25-50 mg 
f severe, adrenaline IV (1:10,000) 0.1 mL/kg slow push over 2-5 min 


Angio-oedema Closely monitor the airway, O, by mask 


sotonic IV fluid, 0.9% normal saline, or lactated Ringer's 
Adrenaline SQ: (1:1000) 0.1-0.3 mL(0.1-0.3 mg) 


f severe or associated with hypotension or airway compromise, adrenaline IV (1:10,000) 0.1 mL/kg slow push over 
2-5 min, up to 3 mL/dose. Repeat as needed 


Diffuse erythema sotonic IV fluid, 0.9% normal saline or lactated Ringer's 1-2 L rapidly 


f hypotensive: adrenaline IV (1:10,000), 0.1 mg (1 mL) slowly. Repeat up to 1 mg 


Hydrocortisone (Solu-Cortef’) IV 200-300 mg push over 1-2 min 


Bronchospasm O, 10 L/min by mask Isotonic IV fluids 


Beta-agonist inhalers, metaproterenol (Alupent ) and albuterol (Proventil ), two puffs and inhale. Repeat as necessary 


Adrenaline SQ (1:1000), up to 0.3 mL. Repeat up to 1 mg total. If hypotensive, add adrenaline (1:10,000), slowly IV 0.1 mg 


(1 mL) slowly Repeat up to 1 mg total 


Laryngeal oedema O, 6-10 L/min by mask 


Isotonic IV fluid, 0.9% normal saline, or lactated Ringer's 


Adrenaline IV (1:10,000), 0.1 mg (1 mL) slowly. Repeat up to 1 mg total 


Pulmonary oedema Elevate torso 
O, 10 L/min by mask 


Furosemide (Lasix’) 10-40 mg IV over 2 min 


Morphine 1-3 mg IV 


Hydrocortisone (Solu-Cortef ) IV 200-300 mg push over 1-2 min 


Transfer to intensive care unit or emergency department 


Hypotension with tachycardia Legs elevated 60 degrees or more, or Trendelenburg position 


(anaphylactic shock) O, by mask 


Isotonic IV fluid, 0.9% normal saline, or lactated Ringer's 1- 2 L rapidly 


Adrenaline IV (1:10,000) 0.1 mg (1 mL) slowly. Repeat up to 1 mg total 


Transfer to intensive care unit or emergency department 


Hypotension with bradycardia Legs elevated 60 degrees or more, or Trendelenburg position 


(vagal reaction) O, by mask 


Isotonic IV fluid, 0.9% normal saline, or lactated Ringer's 


Atropine 0.5-1.0 mg IV push slowly. Repeat up to 3 mg 


Hypertensive crisis O, 10 L/min by mask 


Secure IV access 


Furosemide (Lasix’) 40 mg slowly over 2 min. 


Nitroglycerine 0.4 mg tablet sublingual. Repeat every 5-10 min 


Transfer to intensive care unit or emergency department 


Seizures/convulsions O, 6-10 L/min by mask 


Lorazepan (Ativan’) 2-4 mg IV 


Transfer to emergency room for further evaluation and workup 


Source: data from Cohan, R. H, Jafri, S, Choyke, L.P, et al. (2010). Manual on Contrast Media, Version 7. Reston, VA: American College of Radiology. 


from scars, prior renal infarction or inflammation by their smooth 
contour and regular spacing and relationship to normal calyces and 
is often bilateral. Renal parenchyma measures 3-3.5 cm in thick- 
ness in the polar regions and 2-2.5 cm in the interpolar regions. 
The number of the calyces varies considerably. Each calyx (minor 


calyx) is deeply cupped and surrounds one papilla. The peripheral 
portion of the calyx is called the fornix. A group of calyces, termed 
compound calyces, drains two to four papillae and is frequently seen 
in the polar regions. Two or more infundibula (major calyces), each 
leading to single or multiple calyces, arise separately from the renal 
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pelvis. Conventionally, all branches from the renal pelvis, whether 
single or multiple, are termed infundibula. Normal infundibula are 
straight without bowing or displacement. The renal pelvis some- 
times appears to be outside of the confines of the kidneys, where it 
often has a distended appearance (the extrarenal pelvis). 

The upper ureter usually begins as a smooth extension from the 
renal pelvis and descends lateral to the transverse processes of the 
upper lumbar vertebrae. The middle third of the ureter is usually 
superimposed on the transverse processes of the lower lumbar ver- 
tebrae. The ureter crosses anterior to the iliac vessels at a slightly 
higher position on the right than the left. The distal ureter courses 
posterolaterally and then anteromedially to enter the bladder. 
Peristaltic activity may change the size and shape of the calyces, pel- 
vis, and ureter from image to image. When the bladder is progres- 
sively distended, it is smoothly marginated, and appears roughly 
spherical. On a post-void image, the mucosal pattern of the bladder 
is frequently identified. 


Computed tomography urography 


Cross-sectional imaging studies including US, CT, and MRI are 
now used more often to assess the renal parenchyma because it has 
been shown that the sensitivity of detection of small renal masses 
with excretory urography is greatly decreased. With introduction 
of helical CT, CT urography has been increasingly used as a more 
definitive study for the evaluation of the urinary tract. The renal par- 
enchyma is evaluated with CT scans before and after IV contrast 
administration, and then the collecting system is visualized by refor- 
matted images generated from thin-section multidetector helical CT 
images obtained during excretory phase of contrast enhancement.!>- 
17 CT urography has replaced standard excretion radiography in the 
majority of patient evaluations with urologic indications. 


Contrast radiography 


Retrograde pyelography 


Retrograde pyelography is the opacification of the ureter and pelvi- 
caliceal system by the direct retrograde injection of contrast media 
at the time of cystoscopy (Fig. 10.7.4).!8 The examination may be 
done in a cystoscopic suite, or the ureter may be cannulated and 
the patient may be subsequently brought to the radiology depart- 
ment for the examination. The examination is best performed with 
fluoroscopy and appropriate spot and overhead images. When a 
urothelial lesion is suspected, subsequent endoscopy with brush- 
ing or biopsy of the lesion for a histological diagnosis is performed 
under fluoroscopic control. 

Retrograde pyelography is performed to investigate lesions of the 
ureter and renal collecting system that cannot be defined adequately 
by less invasive imaging, or to visualize the collecting systems and 
ureters when IV iodinated contrast media is contraindicated. 

The procedure is performed with a sterile technique and is con- 
traindicated in a patient with a urinary tract infection. Retrograde 
pyelography cannot be performed when patients cannot or should 
not undergo cystoscopy (e.g. patients recovering from recent blad- 
der or urethral surgery). The procedure may be impossible or 
incomplete when it is difficult to cannulate the ureter (e.g. patients 
with very large prostates). 

Delayed images can be obtained after retrograde pyelography to 
evaluate drainage of the collecting system. If significant obstruc- 
tion is identified during retrograde pyelography, then ureteral stent 


Fig. 10.7.4 Retrograde pyelogram reveals normal contrast filling of the right 
ureter and intrarenal collecting system. 


placement should be considered to avoid the risk of bacterial spread 
into the upper tract above the obstruction. 

Other complications of retrograde pyelography include ureteral 
perforation and contrast reaction. The most common ureteral 
injury during retrograde pyelography is perforation, occurring 
during advancement of the catheter or guidewire. These injuries 
are usually managed with either observation or stent placement 
depending upon the extent of the injury. Up to 10-15% of contrast 
media can be absorbed during retrograde pyelography. Caution 
is therefore advised in patients with a known contrast allergy. 
Fluoroscopic monitoring of retrograde pyelography is helpful to 
avoid excess contrast volume injection, reducing the amount of 
extravasation from the distended upper collecting system. 


Antegrade pyelography 


Antegrade pyelography is performed to visualize the upper tracts 
and to delineate the site or nature of upper urinary tract obstruction 
when excretion radiography is unsatisfactory, retrograde pyelog- 
raphy cannot be performed (e.g. ureteral diversion), or alternative 
imaging techniques (US, CT, and MRI) are not definitive. This tech- 
nique is indicated to determine whether a dilated collecting system 
is obstructed or not when there is renal dysfunction after kidney 
transplantation. Pyelography is an essential component of upper 
urinary tract urodynamic testing (Whitaker test). 

Antegrade pyelography is contraindicated in patients with uncor- 
rectable bleeding diatheses, diffuse skin infection over the puncture 
site, or anatomic anomalies which preclude safe renal puncture. 
Non-dilated collecting systems are not a contraindication, but it is 
much more difficult to puncture a non-dilated collecting system 
percutaneously. 
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A peripheral calyx or the renal pelvis is punctured percutaneously 
with a 21-gauge, thin-walled needle from a posterior or posterolat- 
eral approach (Fig. 10.7.3). Renal localization is provided by means 
of contrast excreted after an IV injection or, in the event of a non- 
visualizing kidney, with ultrasound guidance. The procedure is car- 
ried out under fluoroscopic control and spot images are obtained. 

The side effect of this procedure is inadvertent puncture of adja- 
cent intraabdominal structures. Although puncture of the renal 
vein, kidney parenchyma, liver, spleen, or colon is possible, few 
complications ensue because of the small size of the needle. 


Cystography 

Static cystography 

Static cystography provides information on bladder volume, con- 
tour, position, and integrity. Static cystography is performed to 
assess suspected bladder rupture, to demonstrate bladder diver- 
ticula, delineate vesicoenteric fistulae, and to assess postoperative 
healing following bladder or distal ureteral surgery. 


The normal cystogram 

The distended bladder is a smooth-walled organ with either a 
round or an oval shape. The oval-shaped bladder is often aligned 
vertically in the female and horizontally in the male. In the new- 
born, the bladder lies above the symphysis pubis and descends as 
the child grows. In the older child and young adult, the bladder lies 
at or below the level of the symphysis pubis. 


Voiding cystourethrography 

Voiding cystourethrography (VCUG) provides anatomic infor- 
mation about the lower urinary tract during the physiologic act of 
micturition. VCUG is performed to diagnose vesicoureteral reflux, 
to assess bladder emptying, and to evaluate the urethra for poster- 
ior urethral valves in the infant male, urethral stricture disease, and 


Fig. 10.7.5 Voiding cystourethrogram demonstrates normal bladder and female 
urethra (arrow). No vesicoureteral reflux. 


urethral diverticula in female patients. VCUG is useful in assessing 
certain types of voiding dysfunction (e.g. detrusor-external sphinc- 
ter dyssynergia and neuropathic bladder) and demonstrating reflux 
into an ectopic ureter which inserts into the urethra. 

The bladder is filled with contrast material using a transurethral 
catheter as for a static cystogram. Once filled, the older child or 
adult patient is asked to void in the upright position. The procedure 
is monitored with videofluoroscopy and recorded with either spot 
images or video recording. In male patients, the voiding images 
should be obtained with the pelvis in a 45-degree oblique pos- 
ition similar to retrograde urethrography (RUG), so that the entire 
length of urethra is better demonstrated (Fig. 10.7.5). 


Retrograde urethrography 


RUG provides detailed visualization of the anterior urethra in the 
male. Unlike a voiding cystourethrogram, RUG often incompletely 
visualizes the posterior urethra because of the resistance to retro- 
grade flow provided by the external urethral sphincter. Complete 
evaluation of the entire urethra often requires both procedures, 
which may be performed at separate intervals. RUG is rarely indi- 
cated in female patients. 

RUG is most frequently indicated to assess suspected or known 
urethral stricture disease, suspected urethral trauma, and to 
demonstrate urethral diverticula, fistulae, and neoplasms.!® 
Retrograde urethrograms should be performed in all patients with 
pelvic trauma prior to cystography in order to minimize further 
urethral injury with planned bladder drainage catheter insertion. 


Loopography and pouchography 

After cystectomy, anastomoses of the ureters to an isolated intact 
segment (loop) of ileum, transverse colon, or a detubularized large 
or small bowel segment (pouch) is the most common method of 


Fig. 10.7.6 Loopogram shows contrast filling of the ileal conduit (IC) with reflux into 
the distal ureters bilaterally. A large filling defect in the right lower intrarenal collecting 
system with urothelial irregularity (arrow) is characteristic of urothelial tumour. 
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establishing permanent urinary diversion.?*° The isolated but 
otherwise intact bowel loop serves as a simple conduit for urinary 
flow, transporting urine outward toward the stoma in a continu- 
ous, rhythmic, isoperistaltic manner. The detubularized pouch, on 
the other hand, lacks the contractivity to propel urine to the out- 
side, thus becoming a reservoir (e.g. neobladder, continent diver- 
sion) rather than a conduit. Radiographic examination of loops or 
pouches is referred to as loopography or pouchgraphy, respectively. 

A loopogram is performed to visualize the bowel conduit and 
subsequently the upper urinary tracts by reflux of injected con- 
trast media (Fig. 10.7.6). This procedure is utilized in postoperative 
patients with progressive renal failure to assess conduit integrity 
and to exclude ureteral obstruction. In such patients, the absence of 
reflux may indicate ureteral anastomotic obstruction. Alternatively, 
neobladder and continent diversion ureteral anastomoses are often 
created with antirefluxing techniques. Therefore, the absence of 
reflux into the ureters on pouchograms may not indicate urinary 
obstruction. Loopography is essential to delineate the anatomy of 
a urinary diversion and probable site of ureteral implantation prior 
to any planned endourologic or interventional procedures on the 
diverted ureters. 
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charge-coupled devices 199, 200, 206 
chemokines 6, 585 
chemolysis 156 
chemotherapy 
bladder cancer 630-1, 647, 653, 657-61, 662 
metastatic renal cell carcinoma 768-9 
penile cancer 818 
prostate cancer 531-2, 563 
testicular cancer 796, 798-9, 805 
upper urinary tract urothelial carcinomas 691 
chest injuries 401t 
children, see paediatrics 
Chinese herb nephropathy 683 
Chlamydia trachomatis 80-1 
choline-PET 497, 1138-40 
chondroitin sulphate 90 
chordee 913, 915-16 
choriocarcinoma 788 
chromium-51 EDTA estimation 1134-5 
chromophobe renal cell carcinoma 722 
chromosome 9 580-1 
chronic bacterial prostatitis 65, 66-7 
chronic idiopathic pseudo-obstruction 306-7 
chronic kidney disease 1046-50 
chronic pelvic pain 1116 
chronic prostatitis/chronic pelvic pain 
syndrome 65-6, 67-9 
chronic pyelonephritis 35, 39, 1088 
chronic urinary retention 414, 416-17, 418, 419 
chyluria 59 
C INDEX 703t 
ciprofloxacin 15t, 19t, 22 
circumcision 810, 813, 1002-3 
cisplatin resistance 661-2 
citrate 109, 114 
citrus fruits 114-15 
clam cystoplasty 345, 979 
clean intermittent self-catheterization 314, 329, 
345, 421-2 
clearance 1031, 1037 
clear cell papillary (tubulopapillary) renal cell 
carcinoma 724 
clear cell renal cell carcinoma 720, 760-8 
clear cell sarcoma 727 
Cleveland Clinic scoring system 301t 
cloacal exstrophy 992 
Clostridium difficile infection 13 
CNF1 5 
co-amoxiclav 14t, 18t, 20 
cognition 900 
Cohen procedure 956 
coil embolization 1124-5 
colistin 16t, 19t, 22 
collecting duct carcinoma 722 
colony forming units 36, 37t 
colpocleisis 278-9 
colporrhaphy 
anterior 272 
posterior 275-6 
complete androgen insensitivity syndrome 1017 
computed tomography (CT) 1096-105 
adrenal tumours 830 
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adrenocortical cancer 824 
bladder cancer 645 
cancer staging 1099 
contraindications 1104-5 
contrast agents 1098, 1104 
haematuria 623, 1098-9 
indications 1098-9 
interpretation and limitations 1099, 1101-4 
percutaneous nephrolithotomy 143, 1099 
PET-CT 1135, 1137-40 
primary survey 404 
renal 1096-7, 1101-2 
renal and retroperitoneal abscess 47 
renal cancer 701-2 
renal colic 1098 
safety 1104-5 
shock wave lithotripsy 123 
stone disease 106, 132-3, 159 
theory 1096 
trauma 404, 1099 
tuberculosis 53 
unenhanced (KUB) 106, 132-3, 159, 182, 
1096, 1099, 1101 
upper urinary tract obstruction 182 
upper urinary tract trauma 373 
urography 623, 687-8, 1097-8, 1102-4, 1147 
condylomata acuminata 83 
congenital adrenal hyperplasia 1016-17 
congenital bilateral absence of the vas 
deferens 844 
congenital bulbar strictures 973 
congenital megaprepuce 1002 
congenital mesoblastic nephroma 727 
congenital penile curvature 913, 915-16 
congenital urethral diverticula 295 
Conn’s syndrome 823, 832-3 
containment of incontinence 314 
continence, anatomy and physiology 261-2 
continent catheterizable cutaneous pouch 652 
continuous incontinence 244, 267 
contrast agents 1084, 1098, 1104, 1107-8, 
1145, 1146¢ 
contrast-induced nephropathy 704, 1043, 1145 
contrast radiography 1147-9 
contrast ratio 200 
conus medullaris 309 
corona reconstruction 933-4 
cortical lesions 319-20 
corticosteroids 162 
costs 
trauma 397 
urinary incontinence 244 
co-trimoxazole 14t, 18t, 20 
cough-induced detrusor overactivity 264 
cough leak point pressure 239 
cough stress test 253, 263 
Cowper's syringocele 972 
creatinine 410, 1037 
cryopreservation 852 
cryotherapy 
prostate cancer 507, 516-17 
renal cancer 744-5, 746-8, 759 
urorectal fistula 355 
cryptorchidism 775-8, 1005-8 
C-spine control 401 
CT urography 623, 687-8, 1097-8, 
1102-4, 1147 
Culp-DeWeerd spiral flap 187 
Cushing's syndrome 823, 831 
cutaneous ureterostomy 653 
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Cyberwand? 129, 145 
cyclosporine A 93 
cycloxygenases 585 
CYP3A4 inhibitors and inducers 767t 
cystectomy 
detubularization 348 
radical 346-7, 647, 648, 649-50, 678-9 
simple/subtotal 347, 679 
cystic nephroma 725 
cystic partially differentiated 
nephroblastoma 727 
cystic renal disease 699, 701, 702t, 945, 947, 948, 
963-4, 1064, 1086-7, 1092, 1109-10 
cystine stones 102, 109, 117 
cystinuria 109, 156 
cystitis 
acute sporadic uncomplicated 
(honeymoon) 37 
interstitial 88-94 
pathogenesis 32f 
recurrent acute 37-9 
cystodistension 287 
cystography 1148 
cystohysterectomy 649 
cystometry 233-7 
biphasic blip 235 
bladder compliance 236-7 
bladder outlet obstruction 411-12 
bladder sensation 236 
cough check 235 
detrusor activity 236 
filling medium 236 
filling phase 236 
filling rates 236 
Fowler’s syndrome 305 
good practice 233-5 
overactive bladder syndrome 284 
patient position 235 
stress urinary incontinence 263-4 
urethral function 237 
cystoplasty 
artificial urethral sphincter 352 
augmentation 344-6, 348-9, 979, 981 
clam 345, 979 
stone disease 335 
substitution 346-9 
cystoprostatectomy 346-7 
cystoscopes 197-8 
cystoscopy 
bladder cancer 607, 622-3, 639 
bladder outlet obstruction 411 
bladder pain syndrome/interstitial 
cystitis 89 
tuberculosis 53 
urethral strictures 364 
urinary fistula 290 
urinary incontinence 249, 259 
cysts 
epidermoid 790 
prepuce 1002 
renal 699, 701, 702t, 945, 947, 948, 963-4, 
1064, 1086-7, 1092, 1109-10 
urachal 994 
cytokines 6, 585, 760-1 
cytoreductive nephrectomy 754 
cytotoxic necrotizing factor 1 (CNF1) 5 


D 
damage control surgery 405 
dapoxetine 881 


da Vinci Surgical Robotic System 211; 
see also robot-assisted surgery 

deep brain stimulation 320 
defecating proctography 274-5, 301 
dehydroepiandrogen 901, 904 
DeLancey biomechanical levels 271 
delayed ejaculation 882-5 
dementia 320 
demyelination 321 
Denonvilliers’ fascia 273 
denosumab 557, 564, 760 
depression 900-1 
desmopressin 288, 321-2 
desperation PC-RPLND 804 
detrusor muscle 

anatomy 215 

failure 222 

leak point pressure 239 

neurophysiology 218 

receptive relaxation 218 
detrusor overactivity 

cough-induced 264 

cystometry 236 

idiopathic 221-2 

neurogenic 221, 315, 319 

pathophysiology 282-3 

phasic 236 

terminal 236 

urinary incontinence 236, 246 
detrusor sphincter dyssynergia 221, 319 
diabetes 41-2, 451, 574, 699, 898-9 
diagnostic reference intervals 1080 
dialysis 

haemodialysis 1050-3 

peritoneal 1053-4, 1067-8 
diet 101, 110, 115, 450, 574, 699-700, 

778 

Dietl’s crisis 181 
digital rectal examination 489-90, 493 
dihydrotestosterone 426, 427, 904 
dimethylsulphoxide 90 
diode lasers 436 
dipstick urinalysis 36, 158-9, 621 
direct vision internal urethrotomy 366 
disc diffusion testing 17 
distal tubule 1031 
diuresis renography 182 
diuretic excretion radiography 1144 
diverticulum 

bladder 994-5 

urethra 295-6, 972 
DMSA scan 47, 182, 951, 1129-30, 1131 
DNA 

methylation 612 

mutations 455 

radiation damage 1078 

sperm DNA fragmentation 841 
docetaxel 563 
donation after brain death 1056-7 
donation after circulatory death 1057 
Doppler ultrasound 1083-4 
dose area product 1077 
dose length product 1077 
double balloon urethrography 296 
double lumen catheter 232-3 
doxazosin 225 
D-penicillamine 117, 156 
drainage of collections 1122-3 
drinks 450-1, 573-4 
dromedary hump 1085 


drug-induced conditions 
acute kidney injury 1042-3 
bladder cancer 575 
Fowler’s syndrome 306 
haematuria 620 
kidney stones 101 
urinary incontinence 248t 
urinary retention 416, 417 
DTPA scan 182, 1129 
dual pulse lithotripsy 123 
duloxetine 265 
duplex kidney 947, 961-3, 1085 
dutasteride 422, 434 
dynamic infusion cavernosometry/ 
cavernosography 868-9 
dynamic sentinel lymph node biopsy 814 


E 
Ebbehoj procedure 890 
echinocandins 23 
echinococcosis 57-8 
economic costs 
trauma 397 
urinary incontinence 244 
ectopic kidney 965, 1085 
ectopic ureter 963 
effective dose 1077, 1128 
ejaculatory disorders 879-85 
electroejaculation 857-8 
electrohydraulic lithotripsy 121, 122, 127, 145 
electrokinetic lithotripsy 129 
electromagnetic lithotripsy 121, 123 
electromyography (EMG) 241, 265, 305, 412 
elephantiasis 59 
embryonal carcinoma 788 
emphysematous pyelonephritis 35, 39, 1088 
encapsulating peritoneal sclerosis 1067-8 
encephalins 306 
endocrine disruption chemicals 778 
endocrine function 1028-9, 1034-5 
endopyelotomy 
percutaneous 185-6 
retrograde 184-5 
endoscopes 197-9 
endoscopic surgery 
primary realignment 387, 388-9 
ureteric stricture management 189-90 
vesicoureteric reflux 956 
endothelins 585 
endourology 197-203 
antibiotic prophylaxis 203 
blue light technology 200 
endoscopes 197-9 
integrated operating theatres 200 
lasers 200-3 
monitors 200 
narrow band imaging 200 
patient positioning 203 
surgical video system 199-200 
endovascular treatment 
coil embolization of haemorrhage 1124-5 
upper urinary tract trauma 376 
end-stage renal disease 724, 972, 1050 
enteric bladder augmentation 675-6, 979, 981 
enuresis 220 
environmental exposures 573, 683 
enzalutamide 562 
epidermal growth factor 583-4, 663 
epidermoid cyst 790 
epididymal sperm aspiration 849-50 


epididymis, papillary cystadenoma 791 
epididymitis 72-4, 929, 1089 
epididymo-orchitis 72, 73, 1010 
epigenetics 715 
epispadias 993-4 
epithelioid angiomyolipoma 725-6 
equivalent dose 1077 
ERCC1 661-2 
erectile dysfunction 
ageing 865-6, 904-5 
assessment 866-8 
benign prostatic hyperplasia 429, 871 
lower urinary tract trauma 390-1 
medical therapy 871-4 
penile arterial revascularization and venous 
ligation 877 
penile prosthesis 876-7 
premature ejaculation 880 
risk factor management 871 
robot-assisted radical prostatectomy 541, 543 
eribulin 663 
ertapenem 15t, 21 
erythropoietin 1028, 1034-5 
Escherichia coli (UPEC) 3-5, 26, 31 
estimated GFR 1037 
ethnicity 448-9, 699 
European Association of Urology (EAU), 
classification of urethral injury 385b 
excision repair cross-complementation group 1 
(ERCC1) 661-2 
excretion radiography 1144-7 
exosomes 459-60 
extended criteria living kidney donors 1058-9 
extended pyelolithotomy 152-3 
external beam radiotherapy 
bladder cancer 647 
prostate cancer 506-7, 529-31 
extinction length 201-2 
extracellular matrix 582-3 
extracorporeal shock wave lithotripsy 120-4 


F 
faecal incontinence 300-2 
falls 898-9 
FAST scan 404 
FDG-PET 497, 830, 1137, 1138 
febuxostat 116 
females 
bladder anatomy 215 
continence 261 
cystectomy 649-50 
differentiation 1015 
lower urinary tract 216f 
lower urinary tract trauma 391 
urethra 215, 217 
urinary retention 304-7 
voiding difficulties 409t 
fertility 
posterior urethral valves 972 
spinal cord injury 316, 857-8 
undescended testes 1007 
see also infertility 
FGFR3 579-80 
fibre-optic bundles 197 
fibroblast growth factor 584 
fibroma, medullary 725 
fidaxomicin 15t 
filariasis 58-9 
filling cystometry, see cystometry 
filtration slits 1030 


fimbriae 4, 31 
finasteride 422, 434 
fistula 
arteriovenous 1050-2 
post-surgical 738 
ureterovaginal 290, 291, 293 
urethrovaginal 289-90, 291, 293 
urorectal 354-5, 390 
vesicouterine 290, 293 
vesicovaginal 289, 290, 291, 292-3 
flagellum 5 
flail chest 401t 
flaps 331, 333-5, 940 
flexible cystoscopes 198 
flexible nephroscopes 199 
flexible ureterorenoscopy 137-9, 169-70, 198-9 
flow rate testing 248, 255-6, 364, 410-11, 430 
flucloxacillin 14t, 18t, 20 
fluconazole 23 
flucytosine 23 
fluid drainage 1122-3 
fluoride-PET 498, 1138 
focused assessment with sonography for trauma 
(FAST) scan 404 
foetus 
development 945 
interventions 946-7 
radiation risks 1079 
Foley Y-V plasty 187 
foretinib 769 
Fournier's gangrene 76-8, 921 
Fournier’s gangrene severity index 78 
Fowler’s syndrome 304-7 
fracture 
lateral compression 381 
pathological 554-5 
penile 386, 393, 921, 923 
FREDDY laser lithotripsy 128 
free flaps 333 
free flow measurement 248, 255-6, 364, 
410-11, 430 
free radicals 123 
frenular grafting 934-5 
frequency 220, 252 
frequency volume chart 256-7, 263, 
429-30, 986 
frontal lobe lesions 319 
fruit juices 114-15 
full-thickness skin grafts 331, 933 
functional profile length 239 
functional sensory urgency 988 
fungal infections 22-3, 41 


G 
gadolinium contrast 1107-8 
gene fusions 457-8, 478-9 
genetic factors 

bladder cancer 575-6 

male infertility 841 

prostate cancer 449 

stone disease 99 

testicular cancer 779 
genetic markers 

chemotherapy response in bladder 

cancer 662 

prostate cancer 458-60, 478 
genital herpes 83 
genital trauma 393-6, 920-6 
genital warts 82-3, 811 
genome sequencing 662 
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genome-wide association studies 460, 575 
genomics 458 
gentamicin 15t, 21, 1042-3 
germ cell tumours 786-90 
ghosting 200 
giant condylomata of Buschke and Lowenstein 83 
giggle incontinence 251, 985, 988 
glans 

amputation 813 

reconstruction 933-4 

resurfacing 813, 934 
glansectomy 934 
Gleason score 466-7, 470, 502 
glomerular basement membrane 1030 
glomerular filtration rate 1037 
glomerulonephritis 1043 
glycopeptides 22 
gonorrhoea 82 
gout 102 
grafts 331-3, 933, 940-1 
granulosa cell tumour 790 
Grayhack procedure 890 
growth factors 427, 583-4 
GTPase family 584-5 
guarding reflex 244-5 
gunshot wounds 395, 921 
gynaecological cancer 356-7 


H 
haematocele 393 
haematuria 
benign prostatic hyperplasia 429 
bladder cancer 575, 603, 606 
causes 620, 621t 
clinics 620 
decision algorithm 622f 
definition 620 
drug-induced 620 
investigation 620-3 
kidney stones 132 
microscopic 158-9, 620-1 
non-visible 620 
treatment of intractable cases 623 
ultrasound 623, 1098-9 
ureteric stones 158-9 
haemodialysis 1050-3 
a-haemolysin 5 
haemorrhage, major 401-4 
haemorrhagic shock 401t 
haemothorax 401t 
hair dye 573 
hammock hypothesis 261 
hand-assisted retroperitoneoscopic donor 
nephrectomy 1061-2 
hand-assisted transperitoneal laparoscopic 
donor nephrectomy 1061 
Hasson technique 209 
head injuries 404 
health-care associated infection 35 
height, cancer risk 451, 778 
hepatitis A 84-5 
hepatitis B 85 
hepatitis C 85 
hereditary leiomatosis renal cell carcinoma 700, 
714, 719-20 
hereditary non-polyposis colorectal 
cancer 683-4 
hereditary papillary renal cell carcinoma 700, 
714, 719 
hernia, inguinal 1010-11 


1155 
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herpes simplex virus 83 

hesitancy 222, 252 

high definition television 200 

high-grade prostatic intraepithelial 
neoplasia 463 


high-intensity focused ultrasound (HIFU) 355, 


435, 507, 516, 517-18 
high-pressure chronic retention 416, 419, 420 
Hinman’s syndrome 988 
HIV 86, 811 
holmium laser 128, 436-7 
home insemination 858 
honeymoon cystitis 37 
hormone replacement therapy 574 
hormones 

ageing male 895 

influences on kidney 1029 

male infertility 840 

sperm retrieval 851-2 
horseshoe kidney 964-5, 1085 
hospital-acquired urinary tract infection 

26-9, 42 
HOXB13-G84E 460 
HRAS 579 
human chorionic gonadotropin 780 
human immunodeficiency virus (HIV) 86, 811 
human kallikreins 474, 478 
human papillomavirus 82-3, 810 
human sexual cycle 860-1 
Hunner’s ulcer 88, 89 
hyaluronate 90 
hyaluronic acid (synthase) 90, 583 
hyaluronidase 583 
hydatid disease 57-8 
hydrocele 927-9, 1011-12, 1090 
hydrodistension 89 
hydronephrosis 181, 317, 1067, 1086 
hydroureteronephrosis 181 
hydroxyzine 93 
hyperaldosteronism, primary 823, 832-3 
hyperbaric oxygen 93 
hypercalciuria 102, 108-9, 112 
hyperkalaemia 1043 
hyperoxaluria 102, 109, 112 
hyperparathyroidism 108, 1050 
hypertension 699, 866, 1036 
hypertrophied column of Bertin 1085 
hyperuricosuria 109, 112, 116 
hypocitraturia 102, 109, 112 
hypogonadism 841b, 866, 895-905 
hypomagnesuria 109 
hypospadias 996-9 
hypoxia-inducible factor 1 and 2 585, 1034 
hysterectomy 

vaginal 277 
vaginal vault prolapse after 276-9 
vesicovaginal fistula after 289 


I 

idiopathic detrusor overactivity 221-2 

idiopathic scrotal oedema 1010 

idiopathic urethrorrhagia 973 

ileal conduit 359, 650-1 

ileal reservoir 651-2 

ileal ureter 342 

imaging 
adrenal tumours 830 
adrenocortical cancer 824-5 
bladder cancer screening 607 
haematuria 623 


muscle-invasive bladder cancer 645 

percutaneous nephrolithotomy 143 

pre-retroperitoneal lymph node 
dissection 802 

priapism 889 

primary survey 404 


prostate cancer 496-8, 516, 1113-15, 1137-8 


renal and retroperitoneal abscess 47 
renal cancer 700-4, 1138 
schistosomiasis 56 
sentinel lymph nodes 1136 
sex development disorders 1016 
stone disease 105-6, 132-3, 175 
testicular cancer 780-1, 1138 
tuberculosis 52-3 
upper urinary tract obstruction 181-3 
upper urinary tract trauma 373-5 
upper urinary tract urothelial 
carcinomas 687-8 
urethral diverticula 296-7 
urinary incontinence 258-9 
imbibition 332 
immune response 6, 31, 33 
ImmunoCyt™ 606-7, 629 
immunosuppressants 93 
immunotherapy 
bladder cancer 631, 663-5 
metastatic renal cell cancer 760-1, 769 
prostate cancer 563-4 
incidentaloma, adrenal 830-1 
incomplete emptying 252, 315 
indwelling catheter 312, 314, 323 
infection (struvite) stones 102, 109-10, 118 
infertility 
causes and associations 839b 
epididymo-orchitis 74 
history 839, 840b 
laboratory examinations 839-41 
non-obstructive azoospermia 844, 849, 
851-2 
obstructive azoospermia 844, 845, 846, 849 
physical examination 839, 840b 
scrotal ultrasound 841-2 
sperm retrieval 846, 849-52 
spinal cord injury 316, 857-8 
surgical treatment 844-6 
testicular biopsy 842, 844-5 
testicular cancer 779, 841-2 
inflammation 
benign prostatic hyperplasia 427 
penile cancer 810 
urinary retention 415, 417 
inflammatory myofibroblastic tumour 569 
infrapontine suprasacral lesions 319t 
infrasacral lesions 221, 319t 
inguinal hernia 1010-11 
inguinal lymphadenectomy 815-16 
inguinal syndrome 81 
Injury Severity Score (ISS) 397 
innate immunity 6, 31, 33 
inosculation 332-3 
insulin-like growth factor-1 449-50 
insulin resistance 898-9 
integral theory 261 
integrated operating theatres 200, 206 
integrins 582-3 
intercourse-associated incontinence 251 
interferon-a 760-1 
interleukins 6, 33, 585, 761 
intermittency 252 


intermittent catheterization 313, 323; 
see also clean intermittent 
self-catheterization 
internal pudendal arteriography 868 
International Consultation on Incontinence 
Questionnaires (ICIQ) 252-3 
International Continence Society (ICS) 
definition of urinary incontinence 244, 
251, 282 
nomogram for bladder outlet obstruction 
index 411 
pad test methodology 230, 248 
pelvic organ prolapse definitions 269t 
International Prostate Symptom Score 253, 
429, 430t 
interstitial cells 219 
interstitial cystitis 88-94 
interventional radiology 759-60, 1117-26 
intestinal flaps 334-5 
intra-abdominal adiposity 898 
intracavernosal self-injection therapy 873-4 
intracellular bacterial communities 4 
intracorporeal lithotripsy 127-9 
intraductal carcinoma of the prostate 463-4 
intraoperative floppy iris syndrome 433 
intravenous pyelography 143 
intravenous urography 182, 374, 623 
intrinsic sphincter deficiency 246, 264 
inverted urothelial papilloma 594 
Ionising Radiation (Medical Exposure) 
Regulations 2000 1079-80 
ionizing radiation 1077-81 
ipatasertib 564-5 
ipilimumab 564 
iron-oxide particles 1108 
irreversible electroporation 748 
irrigating chemolysis 156 
island flap 333-4 


J 

Jaboulay technique 928 
Jarisch-Herxheimer reaction 84 
juxtaglomerular apparatus 1029 
juxtaglomerular cell tumour 725 


K 
kallikreins 474, 478 
Kelly operation 992 
keratinizing squamous metaplasia 569 
kidney 
acute injury 1040-5 
biopsy 623, 704, 728, 732-3, 1124 
blood pressure control 1035-6 
blood supply 1029 
cancer, see kidney cancer 
chronic disease 1046-50 
CT 1096-7, 1101-2 
cystic disease 699, 701, 702t, 945, 947, 948, 
963-4, 1064, 1086-7, 1092, 1109-10 
development 945 
duplex 947, 961-3, 1085 
ectopic 965, 1085 
endocrine function 1028-9, 1034-5 
horseshoe 964-5, 1085 
MRI 1108-10 
paediatric tumours 726-8, 1019-21, 1092 
pelvic 147, 1085 
physiology 1027-38 
putty 52 
salvage 377 


secondary tumours 728 
solitary, tumours in 739 
stones, see kidney stones 
surgical anatomy 733-4 
transplantation, see kidney transplantation 
ultrasound 1084-9 
kidney cancer 
ablation therapy 738-9, 743-9, 759 
biopsy 704, 728 
hereditary 700, 711-15, 719-20, 739 
imaging 700-4 
incidence 696-7 
initial assessment 700 
metastasectomy 754, 759 
metastatic 757-70 
molecular biology 710-16 
mortality 697-9 
paraneoplastic syndrome 700t 
pathology 719-28 
radiological scoring systems 703 
risk factors 699-700 
screening 704-6 
staging 705b, 707 
tumour thrombus 703 
see also renal cell carcinoma 
kidney stones 
asymptomatic disease 132 
diagnosis 132-3 
diet 101 
drug-induced 101 
epidemiology 99, 104 
extracorporeal shock wave lithotripsy 
121-2 
open stone surgery 152-5 
pelvic kidneys 147 
percutaneous nephrolithotomy 142-8 
predisposing factors 101-2 
presentation 132 
transplanted kidneys 147 
types 102 
urinary tract infection 41, 132 
see also stone disease 
kidney transplantation 1054, 1056-68 
ABO-incompatible 1059 
complications 1066 
contraindications 1065 
crossover programme 1059 
deceased donation 1056-7 
desensitization 1059 
domino-paired programme 1059 
implantation procedure 1065 
isotope renography 1133 
live donation 1057-64, 1066 
recipient selection 1064-5 
right or left? 1057, 1062, 1064 
splint versus JJ stent 1065-6 
stone disease 147 
ultrasound 1088-9 
unspecified donation 1059 
ureterovesical anastomosis 1065 
Kisner’s sign 56 
KTP lasers 436 
KUB radiography 1142-4 
percutaneous nephrolithotomy 143 
stone disease 105-6, 159 


L 

lactate dehydrogenase 780 

laparoscopic surgery 205-11 
access 208-10 


basic skills 210-11 
closed access with Veress needle 
209-10 
dismembered pyeloplasty 187-8 
donor nephrectomy 1060-2 
equipment 205-8 
handpieces 206-8 
Hasson technique 209 
history 205 
insufflation 206 
integrated operating theatres 206 
kidney stones 154 
open access 209 
partial nephrectomy 736-7 
pyeloplasty 959 
radical nephrectomy 735 
radiofrequency ablation 744 
retroperitoneal access 210 
sacrocolpopexy 277-8 
sacrohysteropexy 278 
transposition lower pole vessels 959 
trocars 206 
ventral rectopexy 276 
video systems 205-6 
L-arginine 873 
laser therapy 
benign prostatic hyperplasia 436-7 
lithotripsy 128 
penile cancer 813 
principles 200-3 
renal cancer 748 
late-onset hypergonadism 866, 895-905 
lateral compression fracture 381 
LBO lasers 436 
leak point pressure 239-40 
LeFort colpocleisis 278-9 
lemonade therapy 114-15 
lenvatinib 766 
leucocytospermia 841 
leukoaraiosis 320 
levator ani muscle 270, 273-4 
levodopa 320 
Leydig cell tumour 790 
lichen sclerosis 361, 362 
Lich-Gregoir reimplantation 956, 1065 
Liddle’s syndrome 1036 
lidocaine 93 
Li-Fraumeni syndrome 822 
linezolid 16t, 19t, 22 
lipopolysaccharide 5 
liposarcoma, spermatic cord 791 
lithium borate lasers 436 
Lithobreaker® 129 
Lithoclast® 128, 145 
Lithoclast Master” 129 
Lithoclast Ultra’ 145 
Lithostat 118 
Lithovac® 129 
live kidney donation 1057-64, 1066 
liver 1037 
lodenafil 873t 
loin pain 132, 158 
lookup tables 504 
loop of Henle 1032 
loopography 1149 
Lord technique 928 
lower urinary tract 
anatomy 216f 
neural control 262, 282 
neurogenic dysfunction 319-23 
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reconstruction 344-59 
trauma 380-91 
lower urinary tract symptoms (LUTS) 
epidemiology 428-9 
investigations 429-33 
multifactorial aetiology 427f 
neurogenic 320, 321 
pathology 219-22 
pharmacotherapy 222-6 
storage disorders 220, 252 
treatment when secondary to benign 
prostatic hyperplasia 433-4 
voiding disorders 222, 252 
low-pressure chronic retention 416 
low segment caeserean section 290 
lymph node dissection 
adenocarcinoma of bladder 678-9 
muscle-invasive bladder cancer 647-8 
penile cancer 815-17 
prostate cancer 496, 524 
renal cell cancer 733-4, 752 
testicular cancer 793, 796-7, 799-800, 
801-5 
urothelial carcinoma of upper urinary 
tract 690 
lymphoceles 1067 
lymphoedema, penile/scrotal 930-1, 935 
lymphogranuloma venereum 81-2 
lymphoma, testicular 790 
lymphoscintigraphy 815 
Lynch syndrome 683-4 


M 
McCall’s modified culdoplasty 277 
MACE procedure 981, 982 
MAGS3 renocystography 47, 182, 951-2, 1129 
magnesium ammonium phosphate (struvite) 
stones 102, 109-10, 118 
magnetic resonance imaging (MRI) 1106-16 
adrenal tumours 830 
adrenocortical cancer 824-5 
angiography 183 
bladder 1110-12 
bladder cancer 645 
bone metastases 553 
contrast agents 1107-8 
defecography 275 
diffusion-weighted imaging 1107 
dynamic contrast-enhanced 1108 
FLAIR 1107 
image weighting 1106-7 
inversion recovery 1107 
kidneys 1108-10 
patient suitability 1108 
PET-MRI 1137 
physics 1106-7 
problem solving 1115-16 
prostate 496-7, 516, 1112-15 
relaxation times 1106 
renal cancer 702-3, 1109, 1110 
spectroscopy 1115 
spin echo sequence 1106 
STIR 1107 
T1-/T2-weighted images 1107 
upper urinary tract obstruction 183 
urethral diverticula 296-7 
urinary incontinence 258-9 
urography 159, 688, 1110 
major haemorrhage 401-4 
Major Trauma Centres 398, 399f 


1157 


INDEX 


males 
ageing 865-6, 894-905 
bladder anatomy 215 
continence 261 
cystectomy 648 
differentiation 1015 
genital trauma 393-6, 920-6 
infertility, see infertility 
lower urinary tract 216f 
urethra 215 
urinary retention, see urinary retention 
(males) 
voiding difficulties 409t 
malignant mesothelioma of tunica 
vaginalis 790-1 
Malone antegrade continent enema 981, 982 
mannitol 404 
mannose-resistant haemagglutination 4 
Mantoux skin test 52 
MAP (struvite) stones 102, 109-10, 118 
massive haemothorax 401t 
mass spectrometry 459 
matrix metalloproteinases 583 
maximum urethral closure pressure 239, 305 
MDP-PET 497-8 
MDRI 662 
mebendazole 58 
medullary fibroma 725 
megalourethra 973 
megaprepuce 1002 
melon juice 115 
meropenem 15t, 21 
mesenchymal neoplasms 725 
mesoblastic nephroma 1020 
mesothelioma, malignant of tunica 
vaginalis 790-1 
metabolic syndrome 898, 899 
metanephric tumours 724 
metastasectomy 754, 759 
metastatic disease 
adrenal 834 
bladder 599, 644, 657-65, 679-80 
bone 551-7, 564, 760 
brain 805 
prostate 551-7, 564 
renal 757-70 
methicillin-resistant Staphylococcus aureus 
(MRSA) 13 
methylphenidate 988 
metronidazole 16t, 19t, 22 
microdissection testicular sperm 
aspiration 850-1 
micropapillary urothelial carcinoma 569 
microRNAs 459 
microscopic haematuria 158-9, 620-1 
microseminoprotein-B 478 
microsurgery 
epididymal sperm aspiration 849-50 
infertility 845 
spermatoselectomy 929 
micro-TESE 850-1 
microwave ablation 748 
micturating cystourethrography 951, 955 
micturition cycle 219, 244-5, 984 
minimichrosome maintenance proteins 607 
minimum inhibitory concentration 12, 17 
mini-open donor nephrectomy 1060 
mini sling 266 
mirabegron 223, 285 
mirodenafil 873t 


MiTF/TFE family translocation carcinomas 
715, 723 
mitotane 826 
Mitrofanoff procedure 357-9, 981-2 
mixed epithelial and stromal tumours 725 
mixed germ cell tumour 788-9 
mixed gonadal dysgenesis 1018 
mixed symptoms 244 
mixed urinary incontinence 244, 249, 251, 266 
Moh’s micrographic surgery 813 
mood 900-1 
MR angiography 183 
MRSA 13 
MR spectroscopy 1115 
MR urography 159, 688, 1110 
mTOR inhibitors 766 
mucinous carcinoma 723 
mucosal grafts 331-2 
Mullerian tumour of borderline malignancy 791 
multicystic dysplastic kidney 945, 947, 
948, 963-4 
multidrug resistance gene 1 (MDR1) 662 
multilocular cystic renal cell carcinoma 720-1 
multilocular renal cysts 964 
multiple sclerosis 321, 322 
multiple system atrophy 320 
multi-resistant bacteria 13 
mumps epididymo-orchitis 72, 73 
muscarinic receptors 222 
MUSE? 873 
myelomeningocele 977 


N 
nab-paclitaxel 663 
narrow band imaging 200 
natural background radiation 1078 
natural orifice transluminal endoscopic surgery 
donor nephrectomy 1062 
necrotizing fasciitis 921 
needle suspension 265 
neobladder 651-2 
nephrectomy 
cytoreductive 754 
live donors 1060-2 
metastatic disease 758-9 
palliative 754 
partial 154, 735-7 
radical 733-5 
stone disease 154 
nephroblastoma 726-7, 1019-21, 1092 
nephroblastomatosis 726, 1020 
nephrogenic rests 726 
nephrogenic systemic fibrosis 704, 1108 
nephron 1027f 
nephroscopes 199 
nephrotoxins 1042-3 
nephroureterectomy 689, 691 
neuroblastoma 723, 727, 977 
neurogenic bladder 42, 3191, 344 
neurogenic detrusor overactivity 221, 315, 319 
neurogenic lower urinary tract 
dysfunction 319-23 
neurogenic stress incontinence 315 
neuromodulation 93, 286, 302, 305-6, 314-15, 
323, 988 
neuron-specific endolase 780 
neuropathic bladder 976-82 
neuropathic bowel 980-1 
neurophysiology tests 241, 265, 305, 412 
neurotransmitter modulation 417 


next generation sequencing 458 
nifedipine 162 
nitric oxide 225, 866 
nitric oxide synthase 225 
nitrofurantoin 14t, 17, 18t 
nivolumab 564, 663, 761 
NMP22 606, 629 
nocturia 287-8 
definition 259t, 282 
frequency volume chart 256-7 
Parkinson's disease 320 
pharmacotherapy 287-8 
symptom of storage dysfunction 220, 252 
nocturnal enuresis 244, 252, 988-9 
nocturnal polyuria 252, 282, 284, 287 
nocturnal urine volume 282 
non-neuropathic neuropathic bladder 988 
non-obstructive azoospermia 844, 849, 851-2 
non-relaxing urethral sphincter 
obstruction 309 
non-specific urethritis 80 
non-visible haematuria 620 
normal pressure hydrocephalus 320 
NOTES-assisted donor nephrectomy 1062 
nuclear matrix protein 22 (NMP22) 606, 629 
nuclear medicine scans 47, 182, 645-6, 951-2, 
1128-40 
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obesity 
antimicrobial dose 13 
buried penis 935-6 
percutaneous nephrolithotomy 146 
prostate cancer 451 
renal cancer 699 
testosterone 898 
obstetric fistula 289 
obstructive azoospermia 844, 845, 846, 849 
obstructive nephropathy 1043, 1130-1 
obstructive sleep apnoea 287 
occupational exposures 571, 573, 608, 683, 700, 
778, 1080-1 
odynorgasmia 885 
oestrogen hypothesis 778 
oestrogen therapy 904 
omental wrap 191, 355 
oncocytoma, renal 724-5 
oncogenes 455, 710 
open book injury 381 
open dismembered pyeloplasty 186-7 
open donor nephrectomy 1060 
open partial nephrectomy 735-6 
open pneumothorax 401t 
open prostatectomy 437-8 
open radical nephrectomy 734-5 
opiates 306 
oral chemolysis 156 
oral mucosal grafts 331-2 
Orandi procedure 369 
orange juice 115 
orchidopexy 1006-7 
orchiectomy 
partial 780 
radical 780, 793 
orteronel 562 
orthotopic bladder substitutes 651-2 
osteoporosis 899 
overactive bladder syndrome 
children 987-8 
definition 221, 252, 282 


detrusor overactivity 221-2 
epidemiology 283 
examination 283-4 
investigations 284 
management 284-7 
OAB-dry 282 
OAB-wet 282 
risk factors 283 
symptoms 283 
overflow incontinence 244, 267 
ovotesticular disorders of sex 
development 1018 
Oxford Grading Scale 253t, 275t 


P 
pad test 230, 248, 257-8, 263, 430 
PADUA score 703t 
paediatrics 
anorectal malformations 982 
antimicrobial prescribing 12 
ascending testes 1006, 1008 
bladder abnormalities 991-5 
bladder dysfunction 984-9 
bladder tumours 1021 
circumcision 1002-3 
duplex kidney 947, 961-3 
ectopic kidney 965 
epididymo-orchitis 1010 
foetal intervention 946-7 
horseshoe kidney 964-5 
hydrocele 1011-12 
hypospadias 996-9 
idiopathic scrotal oedema 1010 
inguinal hernia 1010-11 
intracanalicular testes 1006 
lower urinary tract trauma 391 
megaprepuce 1002 
multicystic dysplastic kidney 945, 947, 
948, 963-4 
neuropathic bladder 976-82 
nocturnal enuresis 988-9 
paraphimosis 1001-2 
pelviureteric junction obstruction 
947-8, 958-60 
perinatal urology 945-8 
phimosis 1001 
posterior urethral valves 948, 970-2 
prenatal diagnosis 945-8 
prepuce disorders 1001-3 
renal tumours 726-8, 1019-21, 1092 
retractile testes 1006, 1008 
sex development disorders 1015-18 
testicular torsion 1008-10 
testicular tumours 789, 1021 
ultrasound 1092 
undescended testes 1005-8 
urethral disorders 970-3 
urinary incontinence 984-9 
urinary tract infection 950-3 
urodynamics 242 
varicocele 1012 
vesicoureteric junction obstruction 960-1 
vesicoureteric reflux 954-7, 962 
palliative nephrectomy 754 
papillary adenoma 724 
papillary cystadenoma 791 
papillary renal cell carcinoma 721-2 
papillary urothelial hyperplasia 594 
papillary urothelial neoplasia of unknown 
malignant potential 594 


papilloma 
squamous 598 
urothelial 594 
paraphimosis 1001-2 
parasitic infections 55-9 
paratesticular rhabdomyosarcoma 791 
paraurethral glands 295 
paravaginal repair 272, 273 
with bladder buttress 265 
Parkinson's disease 320 
partial androgen insensitivity 1017-18 
partial colpocleisis 278-9 
partial nephrectomy 154, 735-7 
partial orchiectomy 780 
partial penectomy 813 
pathogenicity islands 3, 31 
pazopanib 662-3, 765 
PBRM1 mutations 715 
PCA3 459, 478 
PD-1 inhibitors 564 
pelvic atherosclerosis 866 
pelvic binder 401, 402f 
pelvic examination 253-4 


pelvic floor muscle strength grading 253, 275t 


pelvic inflammatory disease 81 

pelvic kidneys 147, 1085 

pelvic lymph node dissection 
adenocarcinoma of bladder 678-9 


muscle-invasive bladder cancer 647-8 


penile cancer 816 
prostate cancer 496, 524 


urothelial carcinoma of upper urinary 


tract 690 
pelvic organ prolapse 253-4, 269-79 
anterior vaginal wall prolapse 270-3 
apical compartment prolapse 276-9 


Baden-Walker classification 253t, 254, 269 


classification 269-70 
epidemiology 269-70 
grading systems 269 
ICS definitions 269t 


posterior vaginal wall prolapse 273-6 
quantification (POP-Q) 253, 254f, 269-70 


risk factors 270 
terminology 253t 
pelvic ring disruptions 381, 382 
pelviureteric junction 
obstruction 183-8, 947-8, 958-60 
traumatic rupture 378 
pembrolizumab 664-5 
penectomy 
partial 813 
total 813-14 
penicillamine 117, 156 
penicillin allergy 13 
penile cancer 810-18 
advanced disease 817-18 
aetiology 810 
circumcision 810, 813 
clinical features 811 
epidemiology 810 
local recurrence 814 
lymph node management 814-17 
neoadjuvant chemotherapy 818 
pathology 811 
physical examination 811 
primary tumour management 811, 
813-14 
risk factors 810-11 
staging 811, 812¢ 
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penile urethroplasty 368-9 
peninsular flap 333 
penis 
amputation 395-6, 924, 926 
arterial revascularization and venous 
ligation 877 
augmentation 939-41 
buried 935-6 
cancer, see penile cancer 
chordee 913, 915-16 
congenital curvature 913, 915-16 
erection mechanism 860-3 
fracture 386, 393, 921, 923 
girth enhancement 940-1 
lengthening 939-40 
lymphatic drainage 814 
lymphoedema 935 
phalloplasty 937-8 
prosthesis 876, 913, 914t, 937-8 
reconstruction 933-8 
shaft skin loss 935-6 
ultrasound 867, 1090 
vibratory stimulation 857 
percutaneous anterograde ureteroscopy 170-1 
percutaneous endopyelotomy 185-6 
percutaneous epididymal sperm 
aspiration 849-50 
percutaneous nephrolithotomy 142-8, 1099, 
1119-21 
percutaneous nephrostomy 1117-19 
percutaneous tibial nerve stimulation 286, 323 
periaqueductal grey matter 245 
perinephric abscess 35 
peritoneal dialysis 1053-4, 1067-8 
PET-CT 1135, 1137-40 
PET-MRI 1137 
Peyronie's disease 909-13 
phaeochromocytoma 831-2 
phalloplasty 937-8 
phasic detrusor overactivity 236 
phenacetin 683 
phimosis 810, 1001 
phleboliths 1101 
phosphate 1034 
phosphodiesterase-5 inhibitors 225-6, 434, 
871-3, 882 
phosphodiesterases 225 
photodynamic diagnostics 200, 617-18, 639 
physical activity 451, 573, 778 
phytotherapy 434 
piezoelectric lithotripsy 121, 123 
piperacillin-tazobactam 14t, 18t, 20 
pivmecillinam 14t, 18t, 20 
plain radiography (KUB) 1142-4 
percutaneous nephrolithotomy 143 
stone disease 105-6, 159 
PLAP 780 
pneumatic lithotripsy 128-9 
pneumothorax 401t 
podocytes 1030 
Politano-Leadbetter reimplantation 956, 1065 
polycystic ovary 305 
polyenes 23 
polymorphisms 581 
polyp, urethral 973 
polysaccharides 5 
pontine micturition centre 245, 282 
pontine storage centre 245 
poor stream 222 
POP-Q 253, 254f, 269-70 
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positron emission tomography (PET) 

adrenal tumours 830 

bladder cancer 1138 

PET-CT 1135, 1137-40 

PET-MRI 1137 

principles 1136-7 

prostate cancer 497-8, 1137-8 

renal cancer 703, 1138 

testicular tumours 1138 
posterior colporrhaphy 275-6 
posterior tibial nerve stimulation 302, 988 
posterior urethral valves 948, 970-2 
posterior vaginal wall prolapse 273-6 
post-exposure prophylaxis 11 
post-hysterectomy 

vaginal vault prolapse 276-9 

vesicovaginal fistula 289 
post-micturition dribble 244, 252 
post-obstructive diuresis 419 
post-operative urinary retention 416 
post-void residual volume 249, 254, 430 
potassium 1032-3, 1037 
potassium citrate 115-16 
pouchography 1149 
praziquantel 57 
precipitated acute urinary retention 416 
pregnancy 

antimicrobials 13 

prenatal diagnosis 945-8 

testing 158 

ureteric stones 175-6 

urinary tract infection 41 
premature ejaculation 879-82 
prenatal diagnosis 945-8 
pre-prostatic sphincter 215 
prepuce disorders 1001-3 
preputioplasty 1003 
pressure flow studies 237-8, 249, 411-12 
priapism 888-92 

ischaemic (low-flow) 888, 889-90 

non-ischaemic (high-flow) 393, 395, 

888-9, 891 

stuttering (recurrent) 889, 891-2 
primary hyperaldosteronism 823, 832-3 
primary hyperoxaluria 109 
primary hyperparathyroidism 108 
primary survey 400, 401-4 
primitive neuroectodermal tumour 727-8 
prostaglandin receptors 585 
prostate 

anatomy 217 

aquablation 438 

biology 426-7 

biopsy 467-9, 494-5, 516, 1126 

cancer, see prostate cancer 

infarction 417 

inflammation 417 

lobes 217 

MRI 496-7, 516, 1112-15 

stents 434-5 

ultrasound 490, 494, 516, 1090-1 
prostate artery embolization 438 
prostate cancer 

ablation therapy 507, 516 

active surveillance 505 


androgen deprivation therapy 529-30, 531-2 


androgen receptor-targeted therapy 
458, 561-3 

androgens/androgen receptors 449, 457 

atypical small acinar proliferation 464 


biomarkers 474-9 

biopsy 467-9, 494-5, 516 
CAPRA score 504-5 
castration-resistant 561-5 
chemotherapy 531-2, 563 
cryotherapy 507, 516-17 
epidemiology 445-51 
focal therapy 512-18 


gene fusions (TMPRSS2-ERG) 457-8, 478-9 


genetic markers 458-60, 478 

Gleason score 466-7, 470, 502 

high-grade prostatic intraepithelial 
neoplasia 463 

high-intensity focused ultrasound (HIFU) 
507, 516, 517-18 

high-risk 521-32 

imaging 496-8, 516, 1113-15, 1137-8 

immunotherapy 563-4 

incidence 446-8 

intracellular signalling-targeted 
therapy 564-5 

intraductal carcinoma 463-4 

local invasion 551 

metastatic disease 551-7, 564 

molecular biology 455-60 

molecular staging 496 

morphological criteria 464-6 

mortality 446-8 

pathology 463-72 

pelvic lymphadenectomy 496, 524 

prediction of tumour extent 493-6 

presentation 501-2 

prognosis 469-72 


prostate-specific antigen (PSA) 474-8, 490, 


493-4, 502 
radical prostatectomy 469-72, 505-6, 
523-6, 538-47 
radiotherapy 506-7, 527-31 
reconstruction for post-treatment 
complications 352-5 
risk factors 448-51 
risk stratification 502-5, 523 
robot-assisted radical prostatectomy 
506, 538-47 
screening 483-91 
signs 501 
staging 470-1, 493, 502-3, 522-3, 1113-14 
symptoms 501 
treatment of localized disease 505-8 
prostate cancer antigen 3 (PCA3) 459, 478 
prostatectomy 437-8, 469-72, 505-6, 523-6 
post-operative complications 267, 352-5 
robot-assisted 506, 538-47 
prostate-specific antigen (PSA) 429, 431, 433, 
474-8, 490, 493-4, 502 
prostatic intraepithelial neoplasia 463 
prostatitis syndrome 65-9 
acute bacterial prostatitis 65, 66 
asymptomatic prostatitis 65, 66, 69 
chronic bacterial prostatitis 65, 66-7 
chronic prostatitis/chronic pelvic pain 
syndrome 65-6, 67-9 
proteases 583 
proteinuria 1037 
proteomics 458-9 
Proteus spp. 27 
proximal tubule 1031 
prune belly syndrome 973 
pseudohaematuria 621 
psoas hitch 193, 341 


psoralen ultraviolet photochemotherapy 811 
PTEN 582 
pubocervical fascia 270-1 
pudendal neuromodulation 93 
pulmonary contusion 401t 
pulmonary oedema 1043-4 
puncture, aspiration, injection and reaspiration 
(PAIR) 58 
putty kidney 52 
pyelography 
antegrade 182, 1147-8 
intravenous 143 
retrograde 182, 1147 
pyelolithotomy 152-3 
pyelonephritis 
acute complicated 39 
acute sporadic uncomplicated 39 
chronic 35, 39, 1088 
DMSA scan 1131 
emphysematous 35, 39, 1088 
pathogenesis 32f 
pregnancy 41 
xanthogranulomatous 35, 39 
pyeloplasty 
laparoscopic 187-8, 959 
open 186-7, 959 
pyonephrosis 35 


Q 
Q-tip test 253, 263 


Quakels procedure 890 
quality of life 901 


R 
radiation exposure 
dose 1077, 1079, 1128 
risk management 1079-80 
risks 573, 1078-9 
radical cystectomy 346-7, 647, 648, 
649-50, 678-9 
radical nephrectomy 733-5 
radical nephroureterectomy 689, 691 
radical orchiectomy 780, 793 
radical prostatectomy 469-72, 505-6, 523-6 
post-operative complications 267, 352-5 
robot-assisted 506, 538-47 
radiofrequency ablation 743, 746-8 
radioisotopes 47, 182, 645-6, 951-2, 1128-40 
radiotherapy 
bladder cancer 647, 653, 679 
bone pain 556 
metastatic renal cancer 760 
post-lymphadenectomy in penile cancer 817 
prostate cancer 506-7, 527-31 
testicular cancer 795 
treatment planning 1138 


upper urinary tract urothelial carcinomas 691 


ureteric obstruction after 340, 343 
urethral strictures following 353 
urorectal fistula after 355 
vesicovaginal fistula after 289 
radium-223 chloride 564 
Ral-GTPases 584-5 
Ras superfamily 584 
Rb1 582 
reactive oxygen species 581, 841, 866 
reactive urothelial atypia 592 
realignment procedure 387, 388-9 
reconstruction 
grafts and flaps 331-5, 933, 940-1 


lower urinary tract 344-59 
penis 933-8 
post-bladder cancer surgery 650-3 
principles 329-35 
upper urinary tract 337-43 
rectal cancer 356-7 
rectal catheters 232 
rectocoele, transanal repair 275 
rectovaginal septum 273 
re-enablement 405 
reflux nephropathy 35, 954 
rehabilitation 405 
renal abscess 35, 45-9 
renal agenesis 945 
renal artery 1029 
angiography 1125b 
dissection 1067 
embolization 734, 759 
stenosis 1067 
thrombosis 1066-7 
renal biopsy 623, 704, 728, 732-3, 1124 
renal blood flow 1029-30 
renal calculi, see kidney stones 
renal cell carcinoma 
ablation therapy 738-9 
acquired cystic disease-associated 724 
active surveillance 738 
adrenalectomy 734 
bilateral synchronous 739 
biopsy 732-3 
chromophobe 722 
clear cell 720, 760-8 
clear cell papillary (tubulopapillary) 724 
complications of open surgery 737-8 
diagnosis 732 
end-stage renal disease 724 
follow-up 738 
hereditary 700, 714-15, 719-20, 739 
localized disease 732-9 
locally advanced disease 752-4 
lymph node dissection 733-4, 752 
metastatic 760-9 
multilocular cystic 720-1 
neuroblastoma-associated 723 
palliative surgery 754 
papillary 721-2 
partial nephrectomy 735-7 
pathology 720-5 
PET-CT imaging 1138 
radical nephrectomy 733-5 
renal artery embolization 734 
sarcomatoid or rhabdoid differentiation 723-4 
staging 732, 1110 
unclassified 724 
see also kidney cancer 
renal clearance 1031, 1037 
renal colic 1098 
renal cystic disease 699, 701, 702t, 945, 947, 948, 
963-4, 1064, 1086-7, 1092, 1109-10 
renal dysplasia 945 
renal ectopia 965, 1085 
renal filtration 1030-1 
renal function 1027-38 
renal medullary carcinoma 722-3 
RENAL nephrometry score 703t 
renal oncocytoma 724-5 
renal plasma flow 1029 
renal replacement therapy 1044-5; see also dialysis 
renal scarring 317 
renal transplantation, see kidney transplantation 


renal tubular acidosis 102, 109 
renal vein thrombosis 1067 
renin 1028, 1035 
renomedullary interstitial cell tumour 725 
retinoblastoma 1 (Rb1) 582 
retractile testes 1006, 1008 
retrograde ejaculation 885 
retrograde endopyelotomy 184-5 
retrograde pyelography 182, 1147 
retrograde urethrogram 364, 384, 1148-9 
retroperitoneal abscess 45-9 
retroperitoneal fibrosis 190-1 
retroperitoneal lymph node dissection 793, 
796-7, 799-800, 801-5 
retroperitoneum 45-7 
rhabdoid tumour 727 
rhabdomyosarcoma 791, 1021 
RhoGD12 585 
Rho GTPases 584 
Rickwood classification 312 
RIFLE criteria 1040¢ 
rigid cystoscopes 197-8 
rigid nephroscopes 199 
rigid ureteroscopes 198, 199 
Rigiscan® 867 
ring pessaries 271-2, 275, 277 
ritalin 988 
RNA markers 459 
robot-assisted surgery 205, 211 
donor nephrectomy 1062 
kidney stones 154 
partial nephrectomy 736-7 
radical nephrectomy 735 
radical prostatectomy 506, 538-47 
ROCK 584 
rod-lens systems 197 


S 

sacral agenesis 977 

sacral neuromodulation 93, 286, 302, 305-6, 
314-15, 323 

sacrococcygeal teratoma 977 

sacrocolpopexy 277-8 

sacrohysteropexy 278 

sacrospinal dysraphisms 977 

sacrospinous fixation 277 

sacrospinous ligament 276 

sarcoma, synovial 728 

Scardino-Prince vertical flap 187 


schistosomiasis 35-6, 55-7, 574, 670, 671, 675 


scoliosis 146 
screening 
bladder cancer 603-12, 616 
prostate cancer 483-91 
renal cancer 704-6 
scrotum 
abscess 72-4 
idiopathic oedema 1010 
lymphoedema 930-1, 935 
swellings 927-31 
ultrasound 73, 841-2, 1089-90 
secondary survey 404 
secondary tumours 
adrenal 834 
bladder 599, 680-1 
kidney 728 
secreted autotransporter toxin 5 
segmental ureterectomy 690 
selective serotonin reuptake inhibitors 880-1 
self-dilatation 367 
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self-mutilation 924, 926 
semen analysis 839-40 
semi-rigid ureteroscopy 168-9, 198, 199 
sentinel lymph nodes 
biopsy 814 
imaging 1136 
sepsis 35, 39-40, 1044 
serosa 215 
sertoli cell tumour 790 
sex cord stromal tumours 790 
sex development disorders 1015-18 
sexually transmitted infection 80-6, 451 
sexual response cycle 860-1 
shock 401t 
shock wave lithotripsy 120-4, 147, 166, 167-8 
sildenafil 225, 872t 
silodosin 225 
single nucleotide polymorphisms 478 
sipuleucel-T 563-4 
situational incontinence 244 
Skene’s glands 295 
skin avulsion injuries 923-4 
skin flaps 331, 333-5, 940 
skin grafts 331-3, 933, 940-1 
sling on string 265 
sling procedures 265-6, 267 
slit pores 1030 
slow stream 252 
small-cell carcinoma of the bladder 569 
small vessel disease 320 
smoking 451, 573, 699, 810 
sodium 1032 
sodium bicarbonate 116 
sodium pentosan polysulphate 90 
sorafenib 765 
space occupying pessaries 271, 277 
spallation 120 
sperm 
cryopreservation 852 
DNA damage 841 
granuloma 929 
retrieval 846, 849-52 
spermatic cord 
liposarcoma 791 
torsion 1089 
spermatocele 929 
spermatocytic seminoma 790 
sphincter strictures 353, 366 
spinal cord 
compression 555-6 
encephalin intoxication 306 
spinal cord injury 309-17 
classification 312 
complete including conus medullaris 309 
complete with intact conus medullaris 
(supraconal) 310-11 
complications 316-17 
detrusor overactivity 221 
early urological management 312-13 
fertility 316, 857-8 
incomplete lesions 311-12 
long-term urological management 314-15 
pathophysiology 309-12 
secondary changes to urinary tract 
function 312 
sexual dysfunction 316 
surveillance 317 
urinary retention 306 
urodynamics 313-14 
urological toolkit 315-16 
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spinal shock 306, 312 
spindle cell carcinoma 723 
splenic hump 1085 
split-thickness skin grafts 331, 933 
spontaneous acute urinary retention 416 
squamous cell carcinoma 569, 598, 669-73 
squamous papilloma 598 
stab wounds 395, 921 
staged circumferential repair 369 
staghorn calculi 122, 147, 153-4 
static cystography 1148 
steal syndrome 1053 
stents 
antegrade insertion 1121-2 
prostate 434-5 
ureteric stones 171-2 
urethral strictures 367 
vesicoureteric junction obstruction 961 
stoma, faecal incontinence 302 
StoneBreaker™ 129 
stone disease 
bladder 177-8, 429 
bladder cancer risk 574 
calcium oxalate stones 102, 108-9, 112 
calcium phosphate stones 102, 108-9, 113 
cystine stones 102, 109, 117 
cystoplasty 335 
dissolution therapy 156 
epidemiology 99, 104 
evaluation of stone formers 104-10 
extracorporeal shock wave lithotripsy 120-4 
flexible ureterorenoscopy 137-9 
genetics 99 
intracorporeal lithotripsy 127-9 
prevention 112-13, 114-18, 156 
risk factors 99 
spinal cord injury 316-17 
stone analysis 105 
struvite stones 102, 109-10, 118 
ultrasound 106, 1086 
uric acid stones 102, 109, 115-16 
watchful waiting 134-5 
see also kidney stones; ureteric stones 
storage disorders 220, 252 
straining 222, 252 
strangury 158 
stress urinary incontinence 261-7 
Blaivas classification 239 
definition 244, 251 
epidemiology 262 
examination 263 
history-taking 251 
investigations 263-5 
management 265-6 
neurogenic 315 
overflow 267 
pharmacotherapy 265 
post-prostatectomy 267 
pressure flow studies 249 
risk factors 262 
surgical treatment 265-6 
symptoms 262-3 
theories 261-2 
urodynamic 237, 264 
videourodynamics 239 
stricturotomy and patch procedure 367-8, 369 
stroke 319 
stromal: epithelial ratio 417 
struvite stones 102, 109-10, 118 
substitution cystoplasty 346-9 


succinate dehydrogenase subunit disorders 714 
sunitinib 765 
superfocusing 120 
suprapontine lesions 319t 
suprapubic catheterization 313, 421, 1123-4 
suprapubic vibration 323 
suprasacral lesions 221, 319t 
supraspinal lesions 221 
suspensory ligament 
division 939-40 
rupture 393, 923 
Swiss Lithobreaker® 129 
Swiss Lithoclast® 128, 145 
switchblade injury 382 
symptom scoring questionnaires 252-3, 
429, 430t 
synovial sarcoma 728 
synthetic mesh 272-3 
syphilis 84 


T 
tadalafil 225, 872t, 873 
Tamm-Horsfall protein 6 
tamsulosin 433 
tape procedures 266 
technetium scan 182 
teicoplanin 15t, 19t, 22 
temsirolimus 766-7 
tension-free vaginal tape 266 
tension pneumothorax 401t 
teratoma 787-8, 977 
terazosin 225 
terminal detrusor overactivity 236 
testes 
amputation 924 
ascending 1006, 1008 
atrophy 74 
biopsy 842, 844-5 
cancer, see testicular cancer 
development 1005-6 
impalpable 1007 
infarction 74 
inguinal undescended 1006 
intracanalicular 1006 
microlithiasis 842, 1089 
neonatal torsion 1010 
retractile 1006, 1008 
rupture 393 
torsion 72, 1008-10 
tumours 714-19, 930, 1021, 1089 
undescended 776-8, 1005-8 
testicular appendage torsion 1010 
testicular cancer 
active surveillance 795-6, 797-8 
brain metastases 805 
chemotherapy 796, 798-9, 805 
children 789, 1021 
classification 781, 782t 
contralateral biopsy 780, 794-5 
diagnosis 779-81, 930 
epidemiology 779, 930 
genetic factors 779 
germ cell tumours 786-90 
histopathological classification 777t 
imaging 780-1, 1138 
infertility 779, 841-2 
inguinal exploration and orchiectomy 780, 793 
non-seminomatous germ cell tumour 
treatment 797-805 
oestrogen hypothesis 778 


partial orchiectomy 780 
pathology 786-91 
presentation 779 
radical orchiectomy 780, 793 
radiotherapy 795 
residual mass after chemotherapy 790 
retroperitoneal lymph node dissection 793, 
796-7, 799-800, 801-5 
risk factors 774-9 
seminomatous germ cell tumour 
treatment 795-7 
staging 781, 782t, 789 
testes-sparing surgery 793-4 
treatment 793-805, 930 
tumour markers 779-80 
testicular dysgenesis syndrome 778 
testicular intraepithelial neoplasia 794-5 
testicular sperm aspiration 850 
testicular sperm extraction 850-1 
testosterone 426, 427, 895 
testosterone-deficiency syndrome 866, 895-905 
testosterone therapy 901-4 
therapeutic drug monitoring 12 
Thiersch-Duplay procedure 329, 330f 
thimble bladder 53 
thiol agents 117 
three-sponge test 290 
thulium laser 128, 437 
tibial nerve stimulation 286, 302, 323, 988 
tiopronin 117 
TMPRSS2-ERG 457-8, 478-9 
tobacco 451, 573, 699, 810 
tobramycin 21 
Toll/interleukin (IL-1) receptor (TIR) domain- 
containing protein (Tcp) 5 
Toll-like receptors 6, 31, 33 
topical anaesthetics 882 
TP53 582 
tramadol 881 
tranexamic acid 404 
transcriptomics 458 
transcutaneous nerve stimulation 286-7, 323 
transitional cell (urothelial) carcinoma 569, 579, 
580f, 644 
translocation renal cell carcinomas 714-15, 723 
transobturator tape 266 
transplantation, see kidney transplantation 
transureteroureterostomy 341-2 
transurethral ethanol ablation 435 
transurethral microwave thermotherapy 
(TUMT) 435 
transurethral needle ablation of the prostate 
(TUNA) 435 
transurethral resection of a bladder tumour 
616-17, 626, 639, 640-1, 645, 647 
transurethral resection of the bladder 93 
transurethral resection of the prostate (TURP) 
bipolar 427 
indications 435 
monopolar 435 
post-operative stress incontinence 267 
transurethral resection (TUR) syndrome 435-6 
transurethral vaporization oftheprostate 
(TUVP) 436 
trauma 
AAST classification 375-6 
aetiology 397 
ATMIST sequence 400-1 
chest injuries 401t 
costs 397 


C-spine control 401 
CT 404, 1099 
damage control surgery 405 
definitive care 404-5 
general principles 397-405 
genital 393-6, 920-6 
head injuries 404 
incidence 397 
initial/emergency management 400-4 
injury severity scoring 397 
lower urinary tract 380-91 
major haemorrhage 401-4 
Major Trauma Centres 398, 399f 
models of care 397-8 
pre-hospital management 398, 400 
primary survey 400, 401-4 
rehabilitation and re-enablement 405 
secondary survey 404 
trauma team activation protocol 400-1b 
trauma team members 400 
ultrasound 404, 1088, 1090 
upper urinary tract 373-8 
trial without catheter 313, 420 
trigone 215 
trimethoprim 14t, 18t, 20 
triple phosphate (struvite) stones 102, 109-10, 118 
T shunt 890 
tuberculin skin test 52 
tuberculosis 35, 51-5, 72, 73, 74 
tubular carcinoma 723 
tubular function 1031-4, 1037-8 
tubulocystic carcinoma 723 
tumour suppressor genes 455, 582, 710-11 
tunical lengthening/shortening procedures 910 
tunica vaginalis, malignant mesothelioma 790-1 
24-hour incontinence 244 
24-hour urine collection 107-8 
two-catheter technique 232, 233 
tyrosine kinase inhibitors 761, 764-6 


U 

udenafil 873 

ultrasound 1083-93 
antenatal scanning 945-6 
bladder 1091-2 
bladder outlet obstruction 410 
cavitation 1084 
contrast-enhanced 1084 
Doppler 1083-4 
faecal incontinence 301 
Fowler’s syndrome 305 
greyscale (B-mode) 1083 
guided procedures 1092-3 
haematuria 623, 1098-9 
high-intensity focused (HIFU) 355, 435, 507, 

516, 517-18 

hydronephrosis 1086 
lithotripsy 127-8, 129, 145 
mechanical index 1084 
neuropathic bladder 978 
paediatric 1092 
penile 867, 1090 
physics 1083-4 
prostate 490, 494, 516, 1090-1 
pyelonephritis 1088 
renal 1084-9 
renal and retroperitoneal abscess 47 
renal cancer 703 
renal cysts 1086-7 
renal transplantation 1088-9 


safety 1084 
scrotal 73, 841-2, 1089-90 
stone disease 106, 1086 
thermal index 1084 
trauma 404, 1088, 1090 
tuberculosis 53 
upper urinary tract obstruction 181-2 
upper urinary tract trauma 374 
ureteric obstruction 1086 
urethral diverticula 296 
urethral strictures 364, 366 
urinary incontinence 258-9 
urinary tract infection 951 
vesicoureteric reflux 955 
ultraviolet photochemotherapy 811 
undescended testes 776-8, 1005-8 
UPOINT(S) system 68-9 
upper urinary tract 
cancer, see upper urinary tract cancer 
development 945 
dilatation 946-7 
obstruction, see upper urinary tract 
obstruction 
reconstruction 337-43 
surveillance 630 
trauma 373-8 
upper urinary tract cancer 
epidemiology 569 
genetics 575-6 
pathology 569-71, 599 
risk factors 571-5 
urothelial carcinomas 592-5, 683-92 
upper urinary tract obstruction 179-94 
aetiology 179-82 
bilateral ureteric 180-1 
clinical features 179-82 
clinical presentation 181 
decompression 183 
imaging 181-3 
pathophysiology 179-82 
pelviureteric junction obstruction 183-8 
retroperitoneal fibrosis 190-1 
unilateral ureteric 179-80 
ureteric strictures 188-90 
urachal anomalies 994 
ureter 
ectopic 963 
ileal 342 
obstruction 179-81, 340, 343, 1086 
reconstruction 337-43 
reimplantation 191, 341, 956, 1065 
stents 171-2, 1121-2 
stones, see ureteric stones 
strictures 188-90 
ureterectomy, segmental 690 
ureteric stones 
acute management 160-3 
asymptomatic 158 
diagnosis 158-9 
evidence-based management 
guidelines 172-3 
indications for intervention 165-6 
medical expulsive therapy 161-2 
pain control 160-1 
pregnancy 175-6 
presentation 158 
shock wave lithotripsy 122, 166, 167-8 
stents 171-2 
ureteroscopy 166, 168-71 
urinary drainage 165-6 
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ureteroceles 194, 962-3 
ureterointestinal anastomosis stenosis 348 
ureteroneocystostomy 192-3, 1065 

plus Boari flap 193-4 

plus psoas hitch 193 
ureteroscopy 166, 168-71, 198-9, 688-9 
ureterosigmoidostomy 652 
ureteroureterostomy 192, 341 
ureterovaginal fistula 290, 291, 293 
ureterovesical anastomosis 1065 
urethra 

anatomy 215, 217 

atresia 972-3 

bulking agents 265 

catheter 312, 421 

childhood disorders 970-3 

development 996 

dilatation 366-7 

diverticula 295-9, 972 

duplication 973 

hypermobility 246, 264 

intrinsic sphincter deficits 246, 264 

leak point pressure 239-40 

megalourethra 973 

polyp 973 

pressure profilometry 239-40, 264-5, 305, 412 

prostatic stenosis 354 

stents 367 

strictures, see urethral strictures 

support 246 

trauma 381-9 

urodynamics 237, 239-40 

web 973 
urethral strictures 361-72 

aetiology 361 

clinical assessment 364 

clinical features 363-4 

congenital bulbar 973 

dilatation 366-7 

incidence 361 

investigation 364-6 

natural history 363-4 

pathology 361-2 

prostate cancer treatment 353 

sphincter 353, 366 

stents 367 

treatment 366-72 

urethroplasty 367-9 

urethrotomy 366 
urethral valve 

anterior 972 

posterior 948, 970-2 
urethrectomy 649 
urethritis 

bulbar 973 

non-specific 80 
urethroplasty 367-9, 389 
urethroscopy 296 
urethrotomy 366 
urethrovaginal fistula 289-90, 291, 293 
urgency 220, 252, 282 
urgency-frequency syndrome 252 
urgency urinary incontinence 244, 249, 251, 282 
uric acid stones 102, 109, 115-16 
urinalysis 

haematuria 620-1 

stone disease 105, 158-9 

upper urinary tract trauma 375 

urinary incontinence 247, 254, 263 

urinary tract infection 36 
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urinary diversion 42, 293, 315, 357-9, 650-3 
urinary fistula 289-93, 738 

urinary flow rate 248, 255-6, 364, 410-11, 430 
urinary incontinence 


multiple sclerosis 321 

neurogenic 42, 323 

pathogenesis and pathogens 3-6, 31-4 
percutaneous nephrolithotomy 142-3 


aetio-pathophysiology 244-6 
assessment 246-9, 251-9 

benign prostatic hyperplasia 429 
bladder neck injuries 390 

children 984-9 

continuous 244, 267 

cortical lesions 319-20 

definitions 244, 251, 261, 282 
detrusor overactivity 236, 246 
drug-induced 248t 

economic costs 244 

epidemiology 244 

examination 246-7, 253-4 

giggle 251, 985, 988 

history-taking 246, 251-3 

initial management 246-9 
intercourse-associated 251 

mixed 244, 249, 251, 266 

overflow 244, 267 
post-prostatectomy 267, 352 
robot-assisted radical prostatectomy 541 
spinal cord injury 316 

stress, see stress urinary incontinence 
structural 244 

symptom of storage disorders 220 
symptom scoring questionnaires 252-3 
urgency 244, 249, 251, 282 


urinary retention (females) 304-7 
urinary retention (males) 414-23 


acute 414, 416, 418-19, 429 

aetiology 416-17 

catheterization 418-19, 421 

chronic 414, 416-17, 418, 419 

clean intermittent self-catheterization 
421-2 

definitions 414 

drug-induced 416, 417 

epidemiology 414-16 

high-pressure chronic 416, 419, 420 

hospitalize versus send home 421 

initial assessment 418 

investigation 418 

low-pressure chronic 416 

management 418-22 

mortality 421 

pathogenesis 417-18 

post-operative 416 

precipitated acute 416 

presentation 418 

prevention 422 

speed of bladder emptying 420 

spontaneous acute 416 

trial without catheter 420 


urinary tract infection 


benign prostatic hyperplasia 429 
bladder cancer risk 574-5 
catheter-associated 26-7, 28, 42 
children 950-3 

classification 34 

diabetes mellitus 41-2 
diagnosis 36-7 

epidemiology 31 

febrile 39 

hospital-acquired 26-9, 42 
immune response 6, 31, 33 
kidney stones 41, 132 
management 37-41 


pregnancy 41 
risk factors 35t, 36 
routes of infection 3 
spinal cord injury 316 
terminology 34-6 
urinary diversion 42 
urinary incontinence 252 
urological surgery 42 
virulence factors 3-5, 31 
urine analysis 
haematuria 620-1 
stone disease 105, 158-9 
upper urinary tract trauma 375 
urinary incontinence 247, 254, 263 
urinary tract infection 36 
urine biomarkers 
bladder cancer 606-7, 621, 629-30 
prostate cancer 478 
urine culture 36 
urine cytology 606, 621, 639 
urine dipstick 36, 158-9, 621 
urodynamics 230-43, 430-1 
aims 231 
ambulatory 240-1 
definition 230 
equipment 232-3 


free flow measurement (uroflowmetry) 248, 


255-6, 364, 410-11, 430 
good practice 231 
history 230 
indications 231 
interpretation of results 242 
neurological patients 241-2 
neurophysiological tests 241 
non-invasive 230, 412 
paediatrics 242 
physics 231 
pressure flow studies 237-8, 249, 411-12 
spinal cord injury 313-14 
troubleshooting 242 
types 230 
urethral function tests 237, 239-40 
urinary incontinence 247-9, 252, 
255-6, 263-5 
videourodynamics 238-9, 412, 978 
see also cystometry 
uroflowmetry 248, 255-6, 364, 410-11, 430 
urogenital tuberculosis 35, 51-5, 72, 73, 74 
urolift 438 
uroplakins 218 
urorectal fistula 354-5, 390 
urosepsis 35, 39-40 


urothelial atypia of unknown significance 592 
urothelial (transitional cell) carcinoma 569, 579, 


580f, 644 
urothelium 215, 218-19 
beta-3 agonists 223-4 
childhood tumours 1021 
dysplasia 592 
high-grade intraurothelial neoplasia 592-4 
hyperplasia 592 
low-grade intraurothelial neoplasia 592 
papillary hyperplasia 594 
papilloma 594 
upper urinary tract tumours 592-5, 
683-92 
urothelium-derived inhibitory factor 218-19 


UroVysion™ 606, 630 
uterine prolapse 276-9 


Vv 
vaccination 
hepatitis A and B 85 
immunotherapy 769 
vaginal examination 253, 263 
vaginal hysterectomy 277 
vaginal obturator shelf 265 
vaginal pessaries 271-2, 275, 277 
vaginal reflux 985 
vaginoplasty 357 
valsalva leak point pressure 239 
valve bladder 972 
vancomycin 15t, 19t, 22 
vandetanib 663 
vardenafil 872t 
varicocele 841, 845-6, 852, 930, 1012, 1090 
vasal sperm aspiration 849 
vascular endothelial growth factor 584, 662 
vascular radiology 1124-5 
vasculitis 1043 
vas deferens, congenital bilateral absence 844 
vasectomy 854-5 
prostate cancer 451 
reversal 845 
vasoepididymostomy 845 
vasovasotomy 845 
vault prolapse 276-9 
venous-occlusion dysfunction 867 
Veress needle 209-10 
verrucous carcinoma 598 
versican 583 
vesicoamniotic shunting 946 
vesicoureteric junction obstruction 960-1 
vesicoureteric reflux 315-16, 954-7, 962, 1132 
vesicourethral anastomosis 353, 354 
vesicouterine fistula 290, 293 
vesicovaginal fistula 289, 290, 291, 292-3 
VHL mutations 710, 715 
video systems 199-200, 205-6 
videourodynamics 238-9, 412, 978 
viral hepatitis 84-5 
virulence factors 3-5, 31 
vitamin D 1028, 1035 
Vogelstein model 456 
voiding cystourethrography 296, 1148 
voiding disorders 222, 252, 323, 409t 
voiding pressure flow studies 237-8, 249 
voiding under voluntary control 314 
Von Hippel-Lindau disease 700, 712, 719 
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warts 82-3, 811 

water balance 1034 

water contamination 573 

Whitaker test 182 

Wilms tumour 726-7, 1019-21, 1092 
Winkleman technique 928 

Winter's procedure 890 

wound infection 1067 


x 
xanthine oxidase inhibitors 116 
xanthogranulomatous pyelonephritis 35, 39 


Y 

Y chromosome loss 581 
yohimbine 873 

yolk sac tumour 788 


